
   

 

 

 

 

Neuroeconomics of Social Decisions 

 

 

 

 

 

 

 

A DISSERTATION 

SUBMITTED TO THE FACULTY OF THE GRADUATE SCHOOL 

OF THE UNIVERSITY OF MINNESOTA 

BY 

 

 

 

 

 

 

Jaroslaw Grygolec 

 

 

 

 

 

 

 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

 

 

 

 

 

Adviser: Aldo Rustichini 

 

 

 

 

 

 

December 2008



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2008 Jaroslaw Grygolec 



   i 

 

Acknowledgements 
 

• Above all I want to thank my adviser, Aldo Rustichini for his invaluable support and 

encouragement over the years. He widened my horizons introducing me into fascinating new 

field of neuroeconomics, and much beyond this. 

• I want to thank Giorgio Coricelli for support in final stages of work on the dissertation. 

• I appreciate the help of my fellow graduate students Joshua Miller and Alexander Vostroknutov 

in running the fMRI experiment reported in Chapter 1. The similar appreciation applies to John 

Easton and Pernu Menheer from Social and Behavioral Science Laboratory who made possible 

running behavioral experiment reported in Chapter 2.  

• There are no suitable words to express my gratitude to my Parents and Brother for everything. 

 

All chapters of the dissertation are part of major research project on counterfactual and social 

comparisons that I have been happy to work on with Giorgio Coricelli and Aldo Rustichini. In 

particular we wrote Chapter 1 jointly.  All remaining errors are my own. 

 



   ii 

 

Dedication 

 
To my Parents, Elżbieta and Jan 



   iii 

 

Abstract 

This dissertation is about how social comparisons leading to envy and pride impact decisions. 

We, humans, may feel envious and proud for different reasons. One view is that comparing our 

performance with others’ can give us a useful signal about our productivity and skill, and then envy and 

pride just help us to learn from such experience.  The other plausible view is that envy and pride may 

reflect changes in social status, where dominance in social group is the ultimate objective.   

In Chapter 1 we report the results of fMRI experiment in which subjects faced simple decision 

problem in both private and social environments without strategic interactions. The analysis of behavioral 

and neural data provides evidence for subjects performing social comparisons exhibiting envy and pride 

while evaluating outcomes of decisions. This effect is even stronger if decision-makers bear relatively 

more responsibility for the resulting difference in outcomes.  

In Chapters 2 and 3 we explore social comparisons in strategic situations focusing on 3-person 

ultimatum game, first in purely behavioral and then in fMRI experiments.  In the former we find evidence 

for responders exhibiting envy and pride. In Chapter 3 we focused on neural basis of rejections of low but 

positive amounts of money by responders. We show that the involvement of negative emotions in 

rejections of such low but positive offers is not due to their unfairness, but rather reflects negative 

reputational signal that the actual acceptance can send to others about the responder. Finally, we 

implicated nucleus accumbens in the decision process behind responders’ decision on low but positive 

offers. This is an area, shown elsewhere to track subjective value of rewards, and that exhibited envy and 

pride effects documented in chapter 1. 

From the methodological standpoint Chapters 1 and 3 show how an economist can test an 

economic model on both behavioral and neural data. Such tests of economic theory are more credible in 

our view despite the necessity of making additional assumptions related to the use of neural data. 
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Chapter 1 

 

A �euroeconomic Study of Social Observability and Personal 

Responsibility in Decision Making: An fMRI Experiment 

 

 

 

 

 

 

 

1.1 Introduction 

Are humans regretful evaluating the obtained outcome relative to the better alternative they could 

have had? Are humans regretful more if they, rather than just pure chance, are responsible for obtaining the 

outcome? Are humans regretful more in social situations (or envious)? Are humans envious more if they, 

rather than chance, are responsible for obtaining the outcome? Those are the types of the questions we 

address in this paper. In other words, we study whether the comparison of the obtained outcome relative to 

the counterfactual outcome, or what a person could have had, matters. More, we analyze two factors:  

nature of observability, social versus private, and the degree of responsibility, personal versus external (or 

chance), that may influence the importance of counterfactual comparisons. Finally, we ask whether social 

observability and personal responsibility reinforce each other, or there is complementarity between the two 

factors, elevating the relevance of counterfactual comparisons.  

Those questions are important as the ex post regret seems to be necessary to justify ex ante regret 

avoidance at the moment of decision-making. The regret avoidance was proposed by Bell (1982) and 

independently by Sudgen, Loomes (1982) to explain many behavioral violations of the expected utility 

theory of von Neumann, Morgenstern (1944), for instance Allais (1952) paradox. Recently, Caplin, Eliaz 

(2003) explain reluctance to take AIDS tests in terms of regret avoidance. There are other numerous

“When 3rd Place on the Rich List Just Isn’t Enough” 

Gary Rivlin, New York Times, January 17th, 2008 
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applications. Envy, a social correspondent of regret, received much attention in the economic literature, as 

well. Veblen (1899) provided one of the earliest and most prominent discussions on role of envy 

ineconomic decisions. More recently Maccheroni, Marinacci, Rustichini (2008) provided axiomatic 

foundations for decision theory incorporating generally social comparisons: envy and gloating.  On the 

applied side, for example, envy was shown by Ljungqvist, Uhlig (2000) to justify traditional Keynesian 

demand management (procyclical taxes) in neoclassical economies. The introductory quote provides 

anecdotical evidence that social comparisons like envy and pride may have profound effects in business 

world.  

We designed and implemented the functional Magnetic Resonance Imaging (fMRI) experiment to 

address those important questions on nature of counterfactual comparisons, of which experienced regret or 

envy are examples. We focused our analysis on 20 subjects for whom we collected both behavioral and 

neural data. Subjects were choosing between two simple risky lotteries. We highlight that our questions 

concern the ex post importance of counterfactual comparisons.  To answer them we need to have 

observable proxies for experienced utility of the outcome profile (x, y), where x is the outcome obtained by 

the subject and y is the counterfactual outcome that a subject could have had. We used self-reported 

affective ratings as a proxy for behavioral experienced utility, and neural activity in striatum, the essential 

part of reward processing circuitry in the brain, as a proxy for neural experienced utility (or changes of it).  

 The reason for the importance of counterfactual evaluations of the outcomes of decisions is that 

these evaluations can be useful in learning. However, in our experiment there is not much to learn about the 

task overtime, as the instances of the task are independent1 from each other. In a sense, our experimental 

design provides a minimal setup to confirm that counterfactual evaluations matter. If confirmed, this may 

suggest that counterfactual comparisons are automatic, or hard-wired into the brain, be it due to either 

genes or experience.  

 Why may counterfactual comparisons become more important if nature of observability changes 

from private to social (social observability effect)? Let’s consider the outcome profile (x ,y) in social 

environment, where x is the outcome obtained by the subject, this is as before, while y is  the outcome the 

subject could have had but now also someone else got it. Note that in private situation each subject learns 

nothing about the outcome profile of the others. Significance of counterfactual comparison increases in 

social as opposed to private environment, since in the former situation the social status of the parties is 

affected. The social status is at play due to wealth and informational effects. For example, if the 

counterfactual comparison of outcomes x to y is to the advantage of the subject x-y>0, his wealth increases 

                                                 
1 Subjects were informed before the experiment that instances of the task are independent from one another. 

Specifically, each instance of the lottery will lead to the independent resolution of uncertainty. 
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relative to someone else that got just y, and so does the social status. The informational effect is due to what 

the outcome profile says on the subject’s ability relative to someone else’s. For example, evidence on 

eavesdropping in animal literature shows that the desirability of an outcome is enhanced when someone 

else is observing. Below we provide evidence supporting social observability effect, or in other words that 

humans are social animals indeed. 

 Why counterfactual comparisons matter more if degree of responsibility changes from external to 

personal (personal responsibility effect)? In terms of counterfactual comparison within the outcome profile 

(x, y), the fact that the subject obtained outcome x instead of outcome y might be due to pure chance 

(external responsibility) or due to the active choice of the subject (personal responsibility). If the outcome 

profile is a consequence of an external event (chance) - outside the control of the subject, then this provides 

no information on the subject, so there is no motivation for learning. Instead, if the outcome is determined, 

at least in part, by a choice of the subject, the evaluation of the outcome x in comparison to the outcome y 

of the other unselected option can be useful in making choices in the future, and in evaluating the 

individual. It provides signal about subject’s skill, which can be used to extrapolate subject’s performance 

into the future. 

 In addition, it is reasonable to think that there is positive interaction in between two factors 

affecting importance of counterfactual evaluations: nature of responsibility and degree of responsibility 

(complementarity effect). Personal versus external responsibility distinction matters in private environment 

due to informational effect about subject’s skill. However this distinction matters even more in social as 

compared to private environment. The reason is that in social environment and personal responsibility case 

we receive information about the subject’s income and skill relative to those of someone else. The 

persistence of skill, as opposed to luck, translates the comparison of relative gains at the current moment, to 

comparison of expected lifetime wealth levels. Clearly the latter is much important than the former. 

 

1.1.1 Results Overview 

 In this section we provide brief overview of the results, both behavioral and neural. In our 

experiment we observe the following variables: the outcome profile (x, y), where x is the obtained outcome 

by the subject and y is counterfactual one (someone else’s or his winnings he could have had, if he chose 

differently or by chance). We observe also behavioral variable mood, a self-reported affective rating, and 

neural variable Blood Oxygenation Level Dependent (BOLD) signal in brain reward circuitry among other 

areas, neural analog of affective rating. Both variables mood and BOLD signal in reward areas are proxies 

for the experienced utility of the outcome profile (x, y). Given those observable variables we were able to 

confirm the hypothesis that the subjective value of outcome profile (x, y) depends not only on the obtained 
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outcome x, but also on the counterfactual one y. In other words counterfactual comparisons DO matter. We 

provide evidence that counterfactual comparisons matter more in social rather than private environments 

(social observability effect) and in personal rather than external responsibility cases (personal responsibility 

effect). The above results coincide for neural and behavioral data. We show evidence for neural 

complementarity effect of two factors: nature of observability (private, social) and degree of responsibility 

(external, personal). As to behavioral data we can’t reject the hypothesis that the two factors are 

independent. However, we want to highlight that this is the only inconsistency between neural and 

behavioral results. In addition, we argue that this could be due to subtle misreporting of affective ratings 

along private versus social dimensions. We provide neural evidence supporting this explanation and 

intuitive reasoning behind it. 

 

1.1.2 Related Literature
2
 

In economic literature our work is most closely related to the discussion of regret avoidance in 

decision-making initiated by Bell (1982) and Loomes, Sugden (1982). The experimental work put to test 

the predictions of individual decision theory with regret, for example Loomes, Sugden (1987). The recent 

work on social decision theory of Maccheroni, Marinacci, Rustichini (2007), later MMR, extends decision-

theoretic model of regret into social context. There is extensive applied literature in economics that is 

related, for example on “catching up with the Joneses” in macroeconomics, Abel (1990), and on fairness3 in 

behavioral economics, Rabin (1994).  

Our paper crosses disciplinary borders and is related to neuroscience literature. Most closely it is 

related to the work on regret of Camille et al (2004) and Coricelli et al (2005). One important finding in 

these two papers is that orbito-frontal cortex (OFC) is critucal for expression of regret at the decision-

making stage as well as the stage of outcomes evaluations. There is enormous literature in neuroscience 

about the role of striatum in the reward processing, O’Doherty et al (2002), Schultz et al (1997), Rolls et al 

(2007) and many others omitted here. From our perspective the most important finding in this literature 

implicates activity in ventral striatum to be correlated with prediction error (also called temporal 

difference), which is defined as the difference between the actual reward and the expected reward. Sutton, 

Barto (1998) provide the theoretical account of the role of prediction error in learning. 

                                                 
2 This subsection is not intended to be the comprehensive review of the literature. Numerous important 

contributions, from which we indirectly draw, are omitted. 

3 Is it fairness, or rather strategic envy in disguise? 
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1.1.3. Plan of the Paper 

 We start in the section 1.2 with description of experimental design. In the section 1.3 we present 

theoretical framework that will guide analysis of data. In the section 1.4 we discuss behavioral results. The 

detailed analysis of neural data is presented in the section 1.5. More specifically, the subsection 1.5.1 

addresses solely the issues related to nature of observability, private versus social. It provides evidence for 

social observability effect in neural data. In turn, the subsection 1.5.2 is devoted exclusively to degree of 

responsibility, external versus personal. We present the results supporting personal responsibility effect. 

We discuss complementarity between two factors, nature of observability and degree of responsibility, in 

the subsection 1.5.3. We conclude the paper in the section 1.6. There is also Appendix 1.A that discusses 

experimental methods in more detail. 

 

1.2. Experimental Design 

We conducted the controlled experiment, in which subjects were choosing between two simple 

risky lotteries in each of 70 rounds. Three subjects performed the symmetric experimental task in each 

session. One male subject was placed inside functional Magnetic Resonance Imaging (fMRI) machine in 

order to collect measurements of his brain activity. The two others were making their choices at computers 

in a separate room. We conducted 20 experimental sessions recruiting subjects among undergraduate 

students at University of Minnesota. The main focus of this paper is on the 20 scanned subjects, for whom 

we collected both behavioral and neural data. In the other subsections below we provide sufficient 

explanation to understand the experiment and the results. For more detailed explanation experimental 

design please consult the Appendix 1.A.  

 

1.2.1. Lotteries 

The experimental task was about choosing between two simple risky lotteries (see Figure 1.1: 

Panel A). Each lottery had two outcomes ranging from -$5 to $25. A lottery was presented graphically with 

a pie chart, like roulette. Each of 2 slices of the pie contained a number representing the outcome for a 

given slice. The slice size relative to the whole pie corresponded to the probability of given outcome of a 

lottery. We used 20 pairs of lotteries, see the Appendix 1.A. These pairs were calibrated in a pilot 

behavioral experiment so that subjects wouldn’t have obvious choices. In each pair, there was one high risk 

& high return (or dollar bet) and one low risk & low return lottery (or probability bet).  
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Panel A Panel B 

  

Figure 1.1: Graphical Interface Presented to Subjects.  Panel A shows the screen with example pair of 

lotteries we presented to the subjects to choose from. Panel B contains the screen presented at Comparison 

event, when the subject (“he”) conducted counterfactual evaluation of “what he got” as compared to “what 

he could have had” in the most relevant counterfactual comparison. See subsection 2.3 for explanation of 

the words “most relevant.” 

 

1.2.2. Timing 

In this subsection we explain the timing of events in the experimental period (Figure 1.2). Each of 

70 periods started with a fixation screen pre-announcing a condition to follow (see section 1.2.3. below for 

thorough discussion of experimental conditions). Next, a subject was presented for 2 seconds with two 

lotteries. He could evaluate them, but not choose any of them yet. After that, the subject had unlimited time 

to decide about his choice of lottery. On average it took subjects 5 seconds to do so. The choice of subjects 

was confirmed for 2 seconds after decision. Sometimes, a subject in addition learned the choice of lottery 

by one other subject selected randomly. This could lead to the delay of presentation of choices that last 0.7 

second on average. After that an idle showed up in each lottery on the screen and started to spin instantly. It 

stopped pointing to the outcome of lottery after average spinning time of 1.9 seconds. Thereafter, the 

lotteries with idles at outcomes were kept on the screen for fixed 2 seconds. After that, a subject was 

presented for fixed 5 seconds with his obtained payoff versus the most relevant counterfactual payoff he 

could have had (See Figure 1.1: Panel B). This event, called “Compare,” is the main focus of brain data 

analysis. The period ended with the question “How did that make you feel” that a subject answered on the 

integer scale 0-10, with 0 – “Bad”, 5 – “Neutral” and 10 – “Good.” 
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Figure 1.2: Period Timeline. 

 

 

1.2.3 Conditions 

 In this subsection we explain in detail experimental conditions. We used 2 x 2 design, with factors 

being nature of observability: private or social, and degree of responsibility: external or personal.  Four 

experimental conditions result, see Table 1.1. 

Table 1.1: Experimental conditions defined. 

Observability 
Responsibility 

External Personal 

Private 
Single Player 

Partial Feedback 

Single Player 

Complete Feedback 

Social 
Two Players 

Partial Feedback 

Two Players 

Complete Feedback 

 

Period Timeline

Fixation ~3.2s L otteries =2s Deciding ~5 s C hoice =2s

9

Spin ~1 .9s O utcome =2s C ompare =5s R ating ~ 1.9s

~ 0.7s
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We discuss first nature of observability: private or social. In social (or 2 players) environment a 

subject learns his obtained outcome and the outcome (and chosen lottery) of the other with whom he was 

randomly matched. In this situation the most relevant counterfactual comparison is between the outcome 

obtained by the subject, and someone else’s outcome that the subject could have gotten. Entering familiar, 

but rarely acknowledged territory: the gloating (envy) ensues if one receives higher (lower) payoff than the 

other. In contrast, in private (one player) environment a subject learns nothing about the outcomes obtained 

by others. The most relevant counterfactual comparison is between the obtained outcome and the 

counterfactual one without knowledge whether it was received by someone else or not. In private situation 

neither envy nor gloating are present. 

We varied the degree of subjects’ responsibility for outcomes by providing different feedback 

across external and personal conditions. In external responsibility case we provided the subject with partial 

feedback, or just with the outcome of the selected lottery, while withdrawing the outcome of the unselected 

one. The most relevant counterfactual comparison in this situation is between a payoff obtained by the 

subject and the unrealized outcome within the very same lottery. Clearly, the difference between these 

outcomes is due to chance, which is external force to the subject. This is why we dubbed this situation as 

external responsibility condition. We say in this case that the subject experiences elation (disappointment) 

if the obtained payoff is larger (lower) than the unrealized one within the same lottery. In contrast, in 

personal responsibility case the subject receives complete feedback. In other words he learns the outcomes 

of both, the lottery he chose and the lottery he rejected. In this situation the most salient counterfactual 

comparison by the subject is between the obtained outcome and the outcome of a lottery he could have 

chosen, but didn’t. We advance the interpretation that the difference between those outcomes is more due 

to active choice of the subject rather than just pure chance. This is the reason we call this situation a 

personal responsibility condition.  

In the beginning of each period (event Fixation in Figure 1.2) subjects are informed whether they 

will be in private or social condition only. Subjects don’t know, while deciding between lotteries (event 

Deciding in Figure 1.2), whether they are at external or personal responsibility condition. They learn this 

information as the choices of subjects are confirmed (event Choice in Figure 1.2). By doing so we wanted 

to avoid information overload of the subjects. 

 

1.3 Theory 

To have reasonable discussion of experimental results we need theoretical framework as a guide. 

We employ to this role a model of social decision theory laid out in Maccheroni, Marinacci, Rustichini 

(2007), shortly MMR model.  
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1.3.1 MMR Model 

The model is based on a classical Anscombe, Aumann (1963) setup: there is a set S of states, a set 

of consequences C, and acts f: S → C, which are functions from states to consequences. The decision 

maker evaluates acts according to a subjective utility.  

The model provides axiomatic foundation based on choice of the value that subjects assign to pair 

of their own act and the act of the other. The model includes private and social environments, thus 

providing theoretical foundation for the analysis of regret/relief (private) and envy/gloating (social 

environment). The model also distinguishes between external and private responsibility conditions allowing 

to disentangle regret/relief (personal responsibility) from disappointment/elation (external responsibility).  

MMR distinguish between the act f of the subject and the act g of the “other.” When the 

environment is social, the ``other’’ is a different individual; when it is private, the ``other’’ is the subject 

himself, in both situations in the counterfactual thought that he might have chosen that act. In this model, 

the ex-ante value for the subject of the act f of the subject and g of the other is: 

EV
i
j (f,g) = Eu(f) + EG

i
j ( f – g )                       [1] 

, where superscript i = 0,1 depending on whether the condition is private or social, and subscript j = 0,1 

depending on whether this is external or personal responsibility. The expectation E is taken with respect to 

a subjective belief over the set of states S. One of the main features of the model is that it provides 

separation of the personal - u(f) and relative4 - Gi
j ( f – g ) utility. In this study we focus on the latter. In 

standard expected utility framework relative utility G
i
j ( f – g ) functions are assumed to be zero. Off 

course, the Gi
j  functions have natural interpretation. For example, the function G0

0 is the elation function 

(private environment and external responsibility), the function G0
1 the relief function (private environment 

and personal responsibility), and G
1

j the gloating function (social environment, and either external or 

personal responsibility).  

At the moment in which the outcome is communicated, the value is a function only of the 

outcomes of the two acts: if f(s) =x and g(s) = y, then the ex-post value (or experienced utility) is: 

V
i
j (x,y) = u(x) + G

i
j ( x – y)        [2] 

                                                 
4 In the formulation provided by equation [1], the Gi

j functions are dependent of the difference 

among payoffs. The MMR paper discusses in detail the conceptual difference between models in which the 

externality function Gi
j depends on the difference between utility and the difference between payoffs.  
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If this model is taken as a model of the ex-ante choice of the act, then a linear G function would 

make the model identical to expected utility: that is, it would produce the same choice. Instead, the function 

G
i
j is increasing, but in general non linear, and not necessarily concave or convex. In the typical 

applications it is bounded, so it cannot be either convex or concave, so that a sigmoid shape is often 

assumed. 

In this paper we focus on the ex-post effects of the choices made and outcomes received/observed, 

that is on the process of evaluating outcomes. In other words, when we take this as a model to study these 

issues, a linear function Gi
j (for example, a linear approximation to the true non linear Gi

j) still provides an 

interesting tool. For this reason we will often refer to Gi
j as slopes of linear functions. 

 

1.3.2 Testing Theory 

Obviously, the subjective value V(x,y) of the outcome profile is not observed. What we observe 

are the values x and y, the variable mood (affective rating of the outcome of choice provided by a subject) 

and the Blood Oxygenation Level Dependent signal (BOLD signal) at different voxels (brain “points”). We 

are especially interested in BOLD signal in the brain areas involved in reward processing, of which 

striatum (with emphasis on its ventral part) is of the first importance. The neuroscience literature provides 

evidence that the brain activity in the ventral striatum is increasing in the prediction error, or the difference 

between the realized value and the expected value, Schultz et al (1998), O'Doherty (2002), Rolls et al 

(2007); We anticipate that this region will be central to counterfactual comparisons we study in this per. To 

make our model testable we introduce two further assumptions on the variable mood and the BOLD signal 

in striatum: 

Assumption 1: The variable mood is monotonically increasing in V(x,y)  

Assumption 2: The BOLD signal in striatum is increasing in the value V(x, y).  

The assumptions 1 and 2 provide us with observable proxies of experienced utility: behavioral one: variable 

mood, and neural one: BOLD signal in striatum. These proxies of V(x,y)  together with the observed 

outcomes: x obtained by the subject, and counterfactual y by the “other” allow us to estimate behavioral 

and neural relative utility functions G
i
j. It is high time to state our hypothesis, which we introduced 

informally above, in terms of MMR model, or more specifically in terms of slopes of Gi
j functions5: 

 

                                                 
5 Note that we refer to G meaning linear function, but most of time meaning the slope of it. 
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Main Hypotheses: 

1. Are the functions Gi
j significantly different from zero, and increasing? 

2. Is there social observability effect, i.e. G1
j – G

0
j > 0 ? 

3. Is there personal responsibility effect, i.e. Gi
1 – G

0
j > 0 ? 

4. Is there positive interaction (or complementarity) between two factors of social observability (i) 

and personal responsibility (j), i.e. G1
1 – G

0
1 > G

1
0 – G

0
0 ? 

5. Correspondence between behavioral and neural effects. 

The first hypothesis addresses the issue whether people engage in counterfactual thinking at the 

moment of outcomes evaluations. In other words: Does the subject’s value of the obtained outcome x while 

he could have had the outcome y depends on the comparison of x and y? If affirmative answer is true, we 

should obtain non-zero estimates of the functions Gi
j. In addition, we hypothesize that the functions Gi

j are 

increasing. In other words, the subject’s relative utility Gi
j is increasing in the subject’s advantage x-y over 

the “other”, where x is the outcome x obtained by the subject and the outcome y by the “other” or other 

payoff. 

The second hypothesis of social observability effect states that the counterfactual comparison 

matters more in social rather than private situation in general. In terms of MMR model the slope of the 

relative utility in the advantage x-y in social situation is higher than in private, i.e. G1
j – G

0
j > 0. Simply put 

if the subject earns $1 more than the other person his relative utility is larger as compared to earning $1 

more than the other counterfactual outcome he could have had in private.  

The third hypothesis concerns personal responsibility effect. This effect states that the slope of 

relative utility function is larger in personal rather than external responsibility case. Intuitively, the subject 

is more affected in terms of relative utility if advantage in counterfactual thought is more due to his active 

choice rather than just pure chance. 

The second and the third hypotheses can be stated jointly in MMR framework. Note that the set of 

indices of Gi
j function has a partial order, so that these two hypotheses together amount to asking whether 

the slope of G
i
j is increasing with respect to this partial order. For example in the linear case we test 

whether G0
1 - G

0
0 > 0 (that is, relief is stronger than elation), and so on. 

The forth hypothesis is complementarity effect, or positive interaction in other words, between the 

two factors. We conjecture that a difference in payoffs matters more in the case of personal rather than 

external responsibility. However, we can move from external to personal in the private or in the social 

environment. In which of these two is the effect of the nature of the responsibility stronger? If in the social 

one, then we can say that there is a positive complementarity between the two effects. If it is in the private 
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one, then there is substitutability between the two factors. These concepts can be expressed formally in 

MMR model. We consider the slope as a function on the index set that is a function from the pair of indices 

ij to the slope of Gi
j, see complementarity matrix in Figure 1.3. 

Social 

(i=1) 
External, Social: 

1

0G  Personal, Social: 
1

1G  

Private 

(i=0) 
External, Private: 

0

0G  Personal, Private: 
0

1G  

 
External 

(j=0) 

Personal 

(j=1) 

 

Figure 1.3: Complementarity Matrix. Entries contain a function from a pair of indices ij to the slope 

of  Gi
j. Each entry in the matrix can be estimated both for behavioral and neural data. A behavioral 

variable mood and a brain variable  BOLD signal in striatum are used as proxies for experienced 

utility in estimation. 

  The complementarity between the two factors: nature of observability (i) and degree of responsibility 

(j) is equivalent to a function on the index set to be supermodular: 

(G
1

1 +G
0

1) - (G
1

0 +G
0

0 ) >  0.                          [3] 

This is of course equivalent to our intuitive description of complementarity (or positive interaction) that the 

effect of personal vs. external responsibility is larger in social G1
1 - G

1
0 rather than private environment, for 

example G
1

1 - G
1

0  > G
0

1 - G
0

0. This inequality would indicate a positive interaction (complementarity) 

between the two factors; the opposite inequality would indicate substitutability between the two. 

The last fifth hypothesis is the correspondence between the neural and behavioral effects. We take 

the view that the behavioral data on self-reported affective states of subjects provide useful information 

about experienced utility. However, we consider the neural data to be less noisy in this respect. We will 

provide the evidence for the last claim below.  

 

1.4 Behavioral Results 

First, we present the analysis of behavioral data. We focus on the question how self reported 

affective ratings (variable mood) depend on the subject’s obtained outcome (variable payoff) and the most 

relevant counterfactual comparison (variable advantage) in different conditions. The variable advantage is 

Responsibility 
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b
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the difference between the payoff obtained by the subject and the counterfactual payoff. We tested the 

following model: 

           [4] 

Note that 
i

jI  are the indicator functions of conditions (i, j). We estimate the model’s parameters: α , β  

and i

jG  on aggregate data using OLS and correcting for in-subject correlation in observations. The Table 

1.2 below reports the 
i

jG  coefficients across different conditions. 

Table 1.2: Counterfactual Comparisons in Behavioral Data 

Social (i=1) 
1

0G  = 0.118  ( t 7.28) 
1

1G  = 0.185  (t 6.47) 

Private (i=0) 
0

0G  = 0.097  ( t 6.79) 
0

1G  = 0.168  (t 7.90) 

 External (j=0) Personal(j=1) 

�ote: Regression analysis of affective ratings as a function of the obtained outcome (payoff = x), 

and counterfactual comparison (advantage = x – y) of the obtained outcome (x) and counterfactual 

outcome (y) made in different conditions. The Table reports coefficients i

jG  on advantage (with t 

values in brackets). The coefficient on the payoff is β =0.145 (9.57).  R-squared 0.593.  

The reported results confirm hypothesis that counterfactual comparisons matter in the evaluations of 

outcomes of choices, for example i

jG  coefficients are positive and statistically different from 0, see Table 

1.2. In other words, in the external responsibility condition subjects exhibit elation (disappointment) as, due 

to chance, obtained outcome is higher (lower) than the counterfactual payoff they could have gotten within 

the same lottery. In personal responsibility case subjects show relief (regret) if, due to subjects’ decisions 

rather than chance, obtained outcome is higher (lower) than the counterfactual outcome of the lottery they 

didn’t choose. 

 The next question we address is whether there exists the effect of personal responsibility. In other 

words, given fixed obtained and counterfactual outcomes, we ask whether people are more affected by 

counterfactual comparisons if personal responsibility rather than external one (or chance) is involved. In 

terms of the model we are testing, these questions translate into whether there are positive differences 

between coefficients 0

0

0

1   GG −  in personal and 1

0

1

1   GG −  in external responsibility treatments.  As the 

Table 1.3 reports these differences are positive and significant. This directly confirms our hypothesis of 

personal responsibility effect. 

( )∑
=
=

⋅⋅+⋅+=

1,0
1,0

j
i

i

j

i

j IadvantageGpayoffMood βα



Chapter 1             �euroeconomics of Observability and Responsibility            14 

 
 

Table 1.3: Personal Responsibility Effect in Behavioral Data 

Social 
1

0G  =  0.118  <  0.185  = 
1

1G     (F 28.33) 

Private 
0

0G  = 0.097  <  0.168   = 
0

1G    (F 12.15) 

 External < Personal 

�ote: Personal responsibility effect is observed both in private ( 0  0

0

0

1 >− GG ) and social 

( 0  1

0

1

1 >− GG ) environments. The effect is highly significant in both cases. 

We look next at the hypothesis of social observability effect. This effect captures the idea that 

subjects are more affected by the very same counterfactual comparison performed in social rather than 

private environments. In terms of the tested model, the effect of social observability corresponds to positive 

differences between coefficients 0  0

0

1

0 >− GG   in external and 0  0

1

1

1 >− GG in personal responsibility 

cases. It is clear from 

Table 1.4: Social Observability Effect in Behavioral Data
 

Social 
1

0G  = 0.113 
1

1G  = 0.185 

>
 

>
  (F 1.24) 

>
  (F 0.77) 

Private 
0

0G  = 0.098 
0

1G  = 0.169 

 External Personal 

�ote: Social observability effect is observed both in external ( 0  0

0

1

0 >− GG ) and personal 

( 0  0

1

1

1 >− GG ) responsibility situations. However, the effect is not significant at the standard 

significance levels.  

the Table 1.4 that there is social observability effect. The differences in G functions slopes are positive. 

However, the effect is not as strong as in the case of personal responsibility. We suggest that this could be 

due to misreporting of affective ratings in social versus private environments. More specifically, subjects 

may tend to diminish the importance of the lower obtained payoff as compared to the other person’s. They 

may do so to avoid loser’s perception or to stop considering the past loss as fast as possible, which may be 

unpleasant in itself. On the other hand, if a subject obtains higher payoff than someone else, he may be also 

reluctant to show it off too much, as this is usually negatively perceived in the society. Later, we will 

provide some neural evidence supporting this subtle misreporting of affective rating along private/social 

dimension. 
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1.5 �eural Results 

 In this section we present detailed analysis of the brain data collected as subjects performed the 

experimental task. For our purposes the brain is around 40,000 voxels. We collected Blood Oxygenation 

Level Dependent (BOLD) signal in each voxel every 2 seconds using fMRI machine. There is extensive 

literature documenting correlation of BOLD signal with neuronal activity. From the econometric point of 

view the brain activity data are 40,000 time-courses for each subject. 

 We focus on the brain activity when subjects evaluated the outcomes of choices they made.  Two 

events during each period are especially important in this regard:  “Outcome” and “Compare”. The event 

“Outcome” started instantly after a spinner within a lottery stopped pointing to the final outcome. During 

the event a subject was shown for 2 seconds the outcomes of lotteries he was choosing between in the way 

that depended on the actual experimental condition that applied. The event “Compare” followed without a 

delay for 5 seconds from the end of Outcome event. At the event “Compare” a subject was presented with 

the obtained payoff and the most relevant counterfactual payoff that depended on the condition. We focus 

the analysis of the brain data on these two events.  

 We use two types of predictors in our brain data analysis: quintile predictors and continuous ones. 

The relative advantage of the former is that it doesn’t make any assumptions about the actual shape of the 

relationship between stimulus and brain response, while the relative disadvantage is that it ignores some 

information about covariance of stimulus and brain response that is already available. Additional 

motivation for the use of the two types of predictors is that this paper is on the interdisciplinary border 

between economics and neuroscience. In economics the use of continuous predictors dominates, while 

quintile ones are most commonly used in the neuroscience literature. See Bϋchel et al (1998) for 

comprehensive discussion of using continuous predictors in analyzing brain data. 

 

1.5.1 Private and Social Observability 

 First, we want to focus on the reward processing depending on the nature of social observability: 

private or social. We use the term counterfactual payoff (or other payoff) to denote the payoff that the 

subject did not get, but either he could have gotten in private environment or that someone else got in social 

environment. We ignore here the issue of the responsibility for the outcome.  
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1.5.1.1 Private and Social Observability: Model and Hypotheses 

Abstracting away from responsibility factor allows us to simplify the MMR model laid out in 

section 2. The value of the outcome x to the subject and counterfactual outcome y to the “other” can now be 

written as: 

V
i
 (x, y) = u(x) + G

i
 ( x - y )      [5] 

for i=0,1 where G0
  is the function relevant in the private and G1 in the social environments.  

Using simplified version of MMR our hypotheses for the BOLD signal in the reward system can be stated : 

Hypotheses: 

1) The functions Gi
 are non-zero, that is, the comparison between the own x and the counterfactual 

payoff y is activating specifically the reward system.  

2) The functions Gi
 are increasing, so that the function V

i
 is increasing in the subject’s own payoff x 

and decreasing in the counterfactual payoff y. 

3)  The slope of the function G1
 is larger than the slope of G0. 

 

These hypotheses imply specific predictions on the neural dependent variable - the brain activity 

in the reward system as measured by BOLD signal and the behavioral dependent variable mood. These two 

variables are predicted to be increasing in the function V, hence they should be also increasing in x and 

decreasing in y.  We already confirmed these hypotheses for behavioral variable mood, see Table 7. Now, 

we focus on neural analysis. We show below evidence confirming all three hypotheses.  

 

1.5.1.2. Private and Social Observability: �eural Results 

Our analysis strategy is to focus on “Compare” event, see Figure 1.2. At this event subjects were 

presented with the obtained outcome x on one side, and the outcome y they could have had (counterfactual 

outcome, or other payoff) on the other side. We call the difference between those two an advantage x-y. 

We start the analysis with the study design using tercile predictors for variables of interest: 

obtained payoff, advantage in private environment, and advantage in social environment. We address first 

the question whether counterfactual comparison of the obtained outcome x to the counterfactual y matters at 

all in social environment, or in other words: is slope G1 different from zero at the brain area identified in 

the neuroscience literature to be involved in reward processing.  To answer this question we analyze the 

contrast of the third tercile of social advantage minus the first tercile of social advantage. We found  
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Figure 1.4: Social Observability Effect with Payoff Differences. Panel A shows increased activity in the 

ventral striatum (FDR 0.05) at the contrast of the 3rd tercile of social advantage minus the 1st tercile of 

social advantage. In other words, the neural function G1 is nonzero. The cross is at Talaraich coordinates -

14, 7, -2. Panel B shows percentage BOLD change in the cluster in the left ventral striatum from panel A 

for three variables of interest at their respective terciles. The red line corresponds to neural private G
0 

function, and green one to neural social G1 function. 

Figure 1.5: Social Observability Effect with Absolute Payoffs.  Panel A shows increased activity in the 

ventral striatum (FDR 0.03) at the contrast of the 1st tercile of social other payoff minus the 3st tercile of 

social other payoff. In other words, the neural function G1 is nonzero. The cross is at Talaraich coordinates 

-14, 7, -2. Panel B shows percentage BOLD change in the cluster in the left ventral striatum from panel A 

for three variables of interest at their respective terciles. The red line corresponds to neural private -G0 

function (yes, minus G0), and green one to neural social -G1 function. 

Panel A Panel B 

  

Panel A Panel B 
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increased activity in ventral striatum bilaterally, see Figure 1.4: Panel A. We took the identified cluster of 

voxels in the left ventral striatum and performed region of interest analysis (ROI), so that we could 

compute percentage BOLD changes in all terciles for variables of interest, see Figure 1.4: Panel B. The 

BOLD change as a function of terciles of private advantage is simply the private G0 function (red line in 

Figure 1.4: Panel B), and similarly the BOLD change as a function of social advantage the social G
1
 

function. Figure 1.4: Panel B provides evidence that social neural G1 function (green line) has higher slope 

than private neural G
0 function (red line). This evidence supports the hypothesis of social observability 

effect.  

 We address this issue also using the other payoff (counterfactual) y instead of advantage x-y as a 

predictor. Note that the former y is less correlated with the payoff x as compared to the latter x-y. 

Furthermore Gi
(x-y) functions are decreasing in the other payoff y.  Using the study design with terciles of 

variables of interest: payoff, private other payoff and social other payoff we look first the contrast 1st 

tercile of social other payoff minus 3rd tercile of social other payoff. We again find increased activity in the 

left ventral striatum, which implies that G
1 function is non-zero, or that counterfactual comparisons in 

social environment matter. Similarly as for variable advantage above we obtain from ROI analysis 

percentage BOLD changes for variables of interest, see Figure 1.5: Panel B. We get the result that the slope 

of neural private -G0 function (red line) is larger than of neural social –G1 function (green line), which is 

consistent with previous evidence supporting social observability effect.  

Now we want to get direct estimates of neural G
i
 functions using the study design with linear 

predictors in variables of interest: payoff, private advantage and social advantage. In what follows we use 

average time courses6 of BOLD signal in the left ventral striatum cluster from Figure 1.5: Panel A. This 

cluster was shown to be involved in counterfactual comparisons in social environment using the quantile 

study designs both with advantage and other payoff as predictors. Observe that there is a clear overlap of 

clusters in the left ventral striatum in Figure 1.4: Panel A and in Figure 1.5: Panel A.  We estimate the 

following model subject by subject:  

 

 

                                                 
6 It is well known that BOLD signal is the moving wave from spatial & temporal point of view. The voxel-

wise analysis performed above may suffer from the problem that the BOLD signal wave may be time-

shifted relative to the beginning of stimulus in different instances of the same event, for example a subject 

can attend the picture with variable delay.  By performing analysis with average time courses we minimize 

this source of noise.  

( )∑
=

⋅⋅+⋅+=
1,0
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i

i
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i

tt IadvantageGpayoffBOLDAverage βα [6] 
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The mean estimates of the slopes of G
i
 functions are reported in the Table 1.5. The results confirm 

hypothesis that there is neural social observability effect, for example G1 = 6.350 > 3.339 = G0 (Wilcoxon z 

2.694, p-value 0.007). 

Table 1.5: Social Observability Effect in Neural Data 

Variable Mean Std. Err. 95% Confidence Interval 

Neural slope of social G1
 6.350 0.691 4.907 7.792 

Neural slope of private G0 3.339 1.208 0.818 5.860 

�ote: Means, standard errors and confidence intervals of the estimated individual coefficients of neural 

gloating functions in social (G1) and private (G0) environments. Wilcoxon non-parametric test with Ho: 

Neural G1= Neural G0: z =   2.694 Prob > |z| =   0.007. 

Finally, we perform voxel-wise analysis using the study design with linear predictors in variables 

of interest: payoff, private advantage and social advantage. The study design incorporates box-car 

(indicator) predictors of private and social conditions so that we can separate brain regions that respond 

linearly to the advantage from those that exhibit just level effects, see Bϋchel et al (1998) for modeling 

details.  

We look for increased/decreased brain activity in the contrast: social advantage minus private 

advantage. The Table 1.6 reports all areas with increased activity with statistical threshold: t statistic >3.7 

(or p-value 0.00152 uncorrected) and voxels size >50. Interestingly, we find Nucleus Accumbens (NAcc), 

part of ventral striatum, see Figure 1.6: Panel A, and many areas shown to be involved in Theory of Mind 

(or thinking about intentions of others) that show increased linear response to the very same Advantage in 

social vs. private environment.  Right Nucleus Accumbens (right NAcc) is slightly below threshold, 

however we included it in Table 1.6, as further analysis of activity in the region showed: there close the 

correspondence of behavioral and neural social observability effects at the individual level. Specifically, we 

performed the analysis of average time courses of BOLD signal in the right NAcc cluster, Table 1.6 and 

Figure 1.6: Panel A. We estimated the model given in equation [6] and investigated the issue whether there 

is the correspondence of behavioral and neural data at the individual level. More specifically, after 

estimating the model for behavioral data, analogous to the one given by equation [6], we could investigate 

the correlation of behavioral and neural differences in slopes of social minus of private Gi functions, for 

example G1 – G0. Looking at Figure 1.6: Panel B we find positive correlation in behavioral and neural 

differences in slopes G1 – G0 (Robust regression: coeff. 0.035 with p-value 0.078). Note that we can 

interpret the difference in slopes G1 – G0 as the relative price of $1 advantage in social vs. private 

environment.  The reported positive correlation of behavioral and neural prices of advantage provides 

evidence for correspondence of behavioral and neural results at individual level. 
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Table 1.6: Regions with Increased Linear Response to Advantage in Social vs. Private Environment. 

Regions BA Side Voxels Tal x Tal y Tal z Max t 

Inferior Parietal Lobule BA 39 left 153 -58 43 -25 4.90 

Inferior Temporal Gyrus BA 20 right 105 -31 -17 23 4.20 

Insula BA 13 right 88 39 -28 13 4.29 

Insula BA 13 right 76 42 -19 13 4.39 

Medial Frontal Gyrus BA 46 right 171 42 38 16 5.19 

Medial Frontal Gyrus BA 10 right 62 15 53 7 4.29 

Medial Frontal Gyrus BA 9 right 354 36 44 28 6.24 

Medial Frontal Gyrus BA 6 left 63 -36 11 43 4.44 

Medial Temporal Gyrus BA 21 right 618 51 -4 -20 5.89 

Nucleus Accumbens* - right 56 12 8 -5 3.39 

Superior Frontal Gyrus BA 8 bilateral 560 0 38 43 5.31 

Superior Frontal Gyrus BA 6 bilateral 239 9 17 61 4.75 

Superior Temporal Gyrus BA 39 left 60 -42 -55 31 5.15 

�ote: Statistical threshold: t-value ±3.7 (or p-value 0.00152 uncorrected), cluster size 50 voxels. NAcc 
is reported, but it is slightly below threshold – see discussion in the main text. 

 

Table 1.6: Correlation of Behavioral and Neural Measures of Social Observability Effect. Panel A 

shows coronal section of the brain with the cross pointed to the cluster of voxels of right Nucleus 

Accumbens (Talaraich coordinates 11, 7, -7) that demonstrated increased activity to advantage in the 

contrast social minus private environment. Panel B shows the scatter plot of differences in betas on 

advantage in social minus private condition (G
1
 – G

0
) for both neural and behavioral data. Robust 

regression: coeff. 0.035 with p-value 0.078, cons. -0.02043 with p-value 0.272. 

Panel A Panel B 
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1.5.2. External and Personal Responsibility 

The decisions we face are associated with varying degree of responsibility for their outcomes. In 

the current study we distinguish between two levels of responsibility of a decision-maker for the outcomes 

of choices: external versus personal responsibility. The latter is captured in our experiment by providing a 

subject with complete feedback about the outcomes of lotteries he was choosing between in a given round. 

In this situation a subject is able to compare his payoff from the lottery he has chosen to counterfactual 

payoff he could have gotten if he made a different choice. The subject bears personal responsibility for the 

difference (advantage) between the obtained payoff and the counterfactual from the rejected lottery. This is 

how we define the concept of personal responsibility in our experiment. In contrast, external responsibility 

is captured by providing a subject with only partial feedback about the consequences of his choice. More 

specifically, a subject learns just the outcome of the lottery he chose, while information about the outcome 

of rejected lottery is withdrawn. He is merely able to compare the obtained outcome with the unrealized 

outcome within the selected lottery. Clearly, the chance not personal choice decided which outcome was 

realized relative to counterfactual one. In this situation the responsibility for the outcome is external to the 

subject. In this section we focus on studying the effect of personal versus external responsibility, while 

leaving aside the nature of observability (social or private).  

 

1.5.2.1. External and Personal Responsibility: Model and Hypotheses 

As before for observability factor, we can simplify MMR model to focus solely on responsibility 

factor under study. The equation for experienced utility Vj (x, y) can be written now as:  

Vj (x, y) = u(x) + Gj ( x - y )                    [7] 

for j=0,1, where G0   is the function relevant in the external condition and G1 in the personal one.  Let us 

recall our main hypotheses. 

Hypotheses: 

1) The functions Gj are non-zero; that is, the comparison between the own and the 

counterfactual outcome is activating specifically the reward system.  

2) The functions Gj are increasing, so that the function Vi is increasing in the subject’s own 

payoff (the x in the equation 1) and decreasing in the counterfactual payoff y. 
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3) The slope of the function G1 is larger than the slope of G0. 

We observe the brain activity in the reward system as measured by BOLD signal and the 

behavioral variable mood. These two variables are predicted to be increasing in the function V, hence they 

should be also increasing in x and decreasing in y.  For the variable mood they are those that we have 

already tested. Now we want to test those hypotheses for the BOLD signal in the brain reward system 

(ventral striatum). We provide below evidence confirming all three hypotheses.  

 

1.5.2.2. External and Personal Responsibility: �eural Results 

Analyzing the brain data we focused on the event “Compare” in each round, during which a 

subject was presented (for 5 seconds) with his obtained payoff x versus the most relevant counterfactual 

payoff y. The main interest is to look into predictors that model counterfactual payoff. Of course we have 

two natural possibilities here to consider: 1) difference between obtained payoff and counterfactual one – 

we call this difference advantage; 2) counterfactual payoff alone – we call it also other payoff. In our 

analysis we control for the actual payoff a subject has received, which implies that the model with other 

payoff rather than advantage exhibits less correlation.  

Panel A Panel B 

  

Figure 1.7: Personal Responsibility Effect with Payoff Differences. Panel A shows increased activity in 

the ventral striatum (FDR 0.05) at the contrast of the 3rd tercile of personal advantage minus the 1st tercile 

of personal advantage. In other words, the neural personal function G1 is nonzero. The cross is at Talaraich 

coordinates -16, 2, 0. Panel B shows percentage BOLD change in the cluster in the left ventral striatum 

from panel A for three variables of interest at their respective terciles. The red line corresponds to neural 

external G0 function, and green one to neural personal G1 function. 
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Figure 1.8: Personal Responsibility Effect with Absolute Payoffs. Panel A shows increased activity in the 

ventral striatum (FDR 0.03) at the contrast of the 1st tercile of personal other payoff minus the 3rd tercile of 

personal other payoff. In other words, the neural personal function G1 is nonzero. The cross is at Talaraich 

coordinates -16, 2, -5. Panel B shows percentage BOLD change in the cluster in the left ventral striatum 

from panel A for three variables of interest at their respective terciles. The red line corresponds to neural 

external G0 function, and green one to neural personal G1 function. 

We start with the study design with tercile predictors of variables of interest: payoff, external 

advantage, personal advantage. We address first the question whether counterfactual comparisons matter at 

all in personal responsibility condition, for example is the function G1 is non-zero. We look at the contrast 

of the 3rd tercile of personal advantage minus 1st tercile of external advantage.  We find increased activity 

bilaterally in ventral striatum, the reward area, see Figure 1.7: Panel A. Next we perform region of interest 

analysis (ROI) in the left cluster of ventral striatum demonstrated to be involved in counterfactual 

comparisons in personal condition. We compute percentage BOLD changes for all terciles of variables of 

interest, see Figure 1.7: Panel B. The red line corresponds to the external G0 function and the red one is the 

personal G1 function. Clearly, both functions are non-zero and the personal one has higher slope than the 

external one (especially for the 1st tercile of advantage). This confirms personal responsibility effect. 

 We readdress this issue also using the other payoff (counterfactual) y instead of advantage x-y as a 

predictor. Note that the former y is less correlated with the payoff x as compared to the latter x-y. 

Furthermore Gi
(x-y) functions are decreasing in the other payoff y.  We use the study design with tercile 

predictors of variables of interest: payoff, external other payoff, personal other payoff.  We examine the 

contrast of the 1st tercile of personal other payoff minus the 3rd tercile of personal other payoff. We get 

increased activity in ventral striatum, see Figure 1.8: Panel A., which confirms directly the hypothesis that 

Panel A Panel B 
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personal G1 function is nonzero. We perform ROI analysis in the left cluster of ventral striatum to get 

percentage BOLD changes for terciles of variables of interest, see Figure 1.8: Panel B. Clearly, the slope of 

external –G0 function (red line) is larger than the slope of personal –G1 function (green line), which 

confirms the hypothesis of personal responsibility effect (note the negative slopes).  

Now we want to get direct estimates of neural G
i
 functions using the study design with linear 

predictors in variables of interest: payoff, private advantage and social advantage. In what follows we use 

average time courses of BOLD signal in the left ventral striatum cluster from Figure 1.7: Panel A. This 

cluster was shown to be involved in counterfactual comparisons in personal responsibility case using the 

quantile study designs both with advantage and other payoff. Observe that there is a clear overlap of 

clusters in the left ventral striatum in Figure 1.7: Panel A and in Figure 1.8: Panel A.  We estimate the 

following model subject by subject:  

 

 

Table 1.7: Personal Responsibility Effect in Neural Data 

Variable Mean Std. Err. 95% Confidence Interval 

Neural slope of personal G
1
  0.927     .152 .607 1.246 

Neural slope of external G
0
  0.625 0.134 0.345 0.906 

�ote: Means, standard errors and confidence intervals of the estimated individual slopes of neural 

external G0 and neural personal G1 functions. Wilcoxon non-parametric test with Ho: Neural G1= 

Neural G0: z =   1.867,  Prob > |z| =   0.062. 

 

The mean estimates of the slopes of Gj functions are reported in the Table 1.7. The results confirm 

hypothesis that there is neural personal responsibility effect, for example G1 = 0.927 > 0.625 = G0 

(Wilcoxon z 1.867, p-value 0.062). 

By this point we provided extensive evidence in favor of neural personal responsibility effect. We 

have done this by implicating in the process ventral striatum, the part of brain reward circuit, shown to 

track closely prediction error (or temporal difference) – a difference of the realized outcome and the 

expected outcome. Many studies found also orbitofrontal cortex (OFC) to be the important part of reward 

circuitry. Some suggested that OFC encodes utility of outcomes, see Tremblay, Schultz (1999). More 

closely to our paper, Camille et al (2004) showed that OFC is necessary for regret/relief expression both in 

decision-making and outcome evaluation. Coricelli et al (2005) have shown that activity in OFC is 

positively correlated with regret (and negatively with relief). We have also found distinctive pattern of 

activity in OFC personal responsibility condition (regret/relief) as opposed to external responsibility one 

( )∑
=

⋅⋅+⋅+=
1,0
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j

jttjtt IadvantageGpayoffBOLDAverage βα [8] 
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(disappointment/elation). More specifically, we used the study design with tercile predictors in variables of 

interest: payoff, external other payoff, and personal other payoff. In the contrast of the 2nd tercile of 

personal other payoff minus the 3rd tercile of personal other payoff, we have found the decreased activity in 

orbito-frontal cortex (OFC), see Figure 1.9 panel A. We performed ROI analysis in the OFC cluster that we 

reported in Figure 1.9 panel B. There is clear evidence for OFC activity to be increasing for extreme values 

of the other payoff (or counterfactual payoff) in personal responsibility condition, and rather flat pattern in  

Figure 1.9: Orbitofrontal Cortex and Other’s Payoff. Panel A shows sagittal section of the brain pointed at 

orbito-frontal cortex - OFC (Talaraich coordinates -8, 34, -16) at the contrast 2nd  tercile minus 3rd tercile of 

other paofff at personal treatment (statistical threshold: p-value 0.003 and cluster size > 50 voxels). Panel 

B shows percentage BOLD change for payoff, other payoffs at external and personal treatments separately 

at the OFC cluster shown on the Panel A.  

external responsibility one. This stands in contrast to the findings in the other studies we discussed above. 

Our results suggest that OFC can have modulating effect on other areas in the brain, for example signaling 

importance of the counterfactual outcome to ventral striatum leading to personal responsibility effect. 

Finally, we analyzed the study design with predictors linear in advantage in two conditions: 

external and personal responsibility, controlling for payoff obtained by the subject. We report all areas with 

increased activity in the contrast personal versus external advantage in the Table 1.8. We used statistical 

threshold of t-value ±3.7 (or p-value 0.00152 uncorrected) and cluster size of 50 voxels. We didn’t find any 

areas with decreased activity. Among areas with increased activations we focus on left Inferior Parietal 

Lobule and left Putamen. The former is described in the literature to be involved in numbers comparisons. 

This provides neurobiological evidence that subjects perform counterfactual evaluation by comparing the 

obtained payoff with the counterfactual one at the event “Compare.” Putamen, a part of striatum, is 

Panel A Panel B 
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involved in reward processing. Taken together this provides additional evidence for personal responsibility 

effect. 

Table 1.8: Regions with Increased Linear Response to Advantage in contrast Personal vs. External 

Responsibility 

Regions BA Side Voxels Tal x Tal y Tal z Max t 

Inferior Parietal Lobule BA 40 Left 229 -42 -34 46 4.82 

Middle Frontal Gyrus BA 46 Left 142 -42 26 19 4.41 

Putamen n/a Left 131 -30 -10 10 4.38 

Superior Parietal Lobule BA 7 Left 115 -24 -55 43 4.82 

�ote: No regions demonstrated decreased response. Statistical threshold: t-value ±3.7 (or p-value 0.00152 

uncorrected), cluster size 50 voxels. 

 

1.5.3 Complementarity 

In this subsection we discuss complementarity (or positive interaction) between observability and 

responsibility factors. Intuitively, the complementarity effect can be understood as follows: the personal 

responsibility effect is stronger in social than in private environment. In our theoretical framework this 

translates to: 

G
1

1 - G
1

0 >  G0
1 -G

0
0           [9] 

, which can be re-arranged to the formulation given in equation [3] above: 

(G
1

1 + G0
0 ) – (G

1
0 + G0

1)>0                  [3]  

Note that if the inequality [3] holds in the opposite direction than we talk about the substitubility 

of factors. The left hand side of the equation [3] can be used as a simple index of the degree of 

complementarity/substitubility. The only shortcoming of such an index is that it depends on the scaling of 

variables. The simple remedy is to divide the left hand side of equation [3] by the average slope of G 

functions. The complementarity index CI becomes then: 

     [10] 

          

If CI is positive then observability and responsibility factors are complementary, if negative substitutable.  
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To test complementarity hypothesis on the neural data we used average time courses of BOLD 

signal from the left ventral striatum cluster we identified to be involved in counterfactual comparisons in 

social situations, see Table 1.8: Panel A. This cluster of voxels in the left ventral striatum was demonstrated 

to exhibit social observability and personal responsibility effects, see overlap of regions with increased 

activity in Tables 8-9 and 13-14.  We obtained the estimate of complementarity index CI=0.54, which is 

statistically significant. This provides evidence in favor of complementarity hypothesis between 

observability and responsibility factors at neural data. 

At the same time we can’t reject hypothesis that the two factors of observability and responsibility 

are independent in behavioral data, or CI=0. We argue that this may be due to misreporting of self-reported 

affective ratings along social/private dimension. As we mentioned before, the relatively weak effect of 

social observability effect in behavioral data may be due to subjects instinctively avoiding loser’s and 

show-off’s perceptions in social environment, which leads to understatement of extreme ratings in this 

situation. If this were the case, then we would exactly observe the patterns we have found, for example less 

complementarity in behavioral as compared to neural data. 

We can actually test whether the neural data provide some evidence for misreporting of affective 

ratings in social rather than private environments. To see how, consider the study of Kerns et al (2004) that  

Figure 1.10: Anterior Cingulate Cortex and Credibility of Mood Ratings. Panel A shows sagittal and 

Panel B coronal section of the brain with the cross pointed to Anterior Cingulate Cortex (ACC), Talaraich 

coordinates (6, 27, 26).  ACC demonstrates the increased linear response to mood rating in social relative to 

private environment at the event “Mood”, during which affective rating is self-reported by subjects.. The 

contrast used is social linear mood minus private linear mood. 

Panel A Panel B 
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implicates Anterior Cingulate Cortex (ACC) in conflict monitoring. The conflict is about which response to 

the stimulus one should implement: the automatic one or the alternative one suggested by cognitive control 

mechanism. In our situation one could expect conflict between revealing true versus cognitively 

misreported affective ratings. The latter could have been adjusted relative to the former to minimize loser’s 

and show-off’s perceptions. The existence of such conflicting responses being considered could be 

supported by the increased activity in ACC in social as compared to private environment during the event 

mood, during which subjects self-reported affective ratings. To test this hypothesis we used the study 

design with linear predictors in variables of interest: social mood and private mood. Recall that the variable 

mood was the subject’s answer to the question “How did that make you feel?” It varied on the integer scale 

0-10, with 0 – “bad”, 5 – “neutral” and 10 – “good.” We examined the contrast of social mood minus 

private mood and found the increased activity in ACC. We interpret this as evidence that subjects 

misreported affective ratings in social as compared to private environment. In general, we observed close 

correspondence between behavioral and neural effects with the exception of complementarity. However, 

the above discussion suggests the explanation of the observed discrepancy, which finds support in the 

presented analysis of neural data. 

 

1.6. Conclusions 

 In this paper we presented the results of an fMRI experiment that focused on evaluations of outcomes 

after decisions were made. We collected both behavioral and neural data, which allowed us to demonstrate 

the close correspondence of behavioral and neural effects. Specifically, we showed that the subjective value 

of the obtained outcome x in the outcome profile (x, y) depends on the counterfactual outcome y that the 

subject could have had. In other words counterfactual comparisons do matter. Our 2 x 2 design allowed as 

to distinguish the conditions under which counterfactual comparisons matter more from those in which they 

matter less so. We considered two factors in our experimental design: nature of observability (private or 

social) and degree of responsibility (external or personal). We found evidence in favor of social 

observability effect. In other words if the outcome profile (x, y) is socially observable, with outcome x 

obtained by the subject as compared to someone else’s outcome y he could have had, then subjective value 

of x will depend on the counterfactual outcome to higher extent as compared to private environment. 

Similarly, we found evidence for personal responsibility effect. In other words, if the subject obtained the 

outcome x instead of the counterfactual outcome y due to his choice rather than just pure chance the 

importance of counterfactual comparison is elevated. In addition we provided evidence supporting 

complementarity effect in neural data. We suggest that the lack of complementarity effect in behavioral 

data is due to subtle subjects’ misreporting of affective ratings along private/social dimension. This 

interpretation found support in the additional analysis of neural data.  
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From neuroscientific point of view, ventral striatum and orbito-frontal cortex (OFC) seem to be 

essential for counterfactual comparisons. The activity in ventral striatum was shown to closely track the 

difference between the obtained outcome and counterfactual one. The slope of activity changes increased 

from private to social environment (social observability effect), and from external to personal responsibility 

case (personal responsibility effect). At the same time we found evidence for OFC activity to increase for 

extreme values of counterfactual payoff in personal responsibility condition, suggesting that it may provide 

a signal to other brain regions about the importance of counterfactual comparison in this case. From the 

neuroscientific viewpoint it is important to highlight that the subjects looked at the lotteries with spinners 

pointing to outcomes 2 seconds before the actual outcome profile (x ,y) was singled out on the subsequent 

screen presented to the subjects (the event “Compare”). We documented thoroughly the increased activity 

in ventral striatum during the event “Compare” as outcome profile was already known earlier. In 

neuroscience literature the ventral striatum was shown to respond only the unexpected part of the reward. 

We view our findings as supporting the extended role of ventral striatum to measure not only unexpected 

gains/losses, but also the highly relevant (but well known) differences in the realized and counterfactual 

outcomes.  

Much work remains to be done to uncover the nature of reward processing and motivation system 

in the brain. At the current stage, it would be interesting to study whether there are gender differences in 

social observability and personal responsibility effects. The other direction of further research we envision 

is to study whether humans are more prone to imitate high performers, or rather differentiate their actions 

to have a chance to outperform them. 
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Appendix 1.A: Materials and Methods 

Participants 

Participants were recruited from principles courses in microeconomics and macroeconomics at 

University of Minnesota. In total, 60 subjects took part in 20 experimental sessions. Within a session, one 

subject was placed in magnetic resonance imaging scanner (MRI scanner), and 2 other at computers outside 

the scanner in the small conference room. All 20 scanned participants were right-handed, healthy males. In 

this way we avoided confounds related to handedness and gender. There were 24 males, and 16 females 

among 40 subjects participating outside the scanner. All subjects gave informed consent to participate 

according to the procedures approved by University of Minnesota Institutional Review Board. 

Experimental Sessions 

For each experimental session three subjects were scheduled to arrive at the same time at the 

Center for Magnetic Resonance Research at University of Minnesota. After arrival of all three, the two 

participating outside the MRI scanner were led to a small conference room with two laptop computers, 

where they were provided with instructions. Separately, the subject to be scanned was given instructions 

after being screened for MRI safety.  All participants were repeatedly informed that they will interact over 

the internet during the actual experiment. 

Task 

In each period a subject was to choose a lottery out of a pair of lotteries presented. There were 70 

periods. In the beginning of a period each subject was informed about the condition the period would fall 

into. The message “Play by Yourself” signaled a private environment, while a message “Play with Others” 

a social environment – see section Conditions below for details. In the private treatment a subject didn’t 
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learn anything about lotteries selected by others, and symmetrically others didn’t learn anything, while in a 

treatment TP he learned a lottery (and its outcome) - selected by a randomly matched person. After learning 

the condition in the period, a subject was presented with a pair of lotteries.  To avoid careless decision-

making a subject could only choose a lottery after 2 seconds from the onset of presentation of lotteries. A 

participant outside MRI who selected a lottery faster than the other subject outside MRI forced this other 

subject to face the unselected lottery. This design created incentives for participants outside MRI to decide 

fast and effectively it prevented situations in which a scanned subject would wait for decisions of others. In 

contrast, a scanned subject was given unrestricted time to select a lottery as his behavior and brain activity 

was the main focus of the study. After choosing a lottery a subject observed his selected lottery for 2 

seconds as confirmation. Immediately thereafter an idle showed up in each lottery on the screen (see 

section Conditions for details) and started to rotate clockwise without delay. Once spinning finished, idles 

pointing to the outcome of lotteries we kept on the screen for 2 seconds. Next a comparison of outcome of 

chosen lottery was presented versus alternative outcome, (see section Conditions for details). A period 

finished with a subject being asked to answer a question: “How did that make you feel?” on the integer 

scale from 0 (bad) to 10 (good), with a bar at initial position 5 (neutral). The timing of a period is shown in 

the Figure 1.2 in the main text. 

Lotteries 

The lotteries were presented graphically in the form of pie charts. Each lottery had two possible 

outcomes. A possible outcome was denoted by a payment number written in a sector of a pie chart. A 

sector area corresponded to probability of a given outcome. We used 20 distinct pairs of lotteries, see Table 

1.9. For each pair there was similar pair that differed by small perturbations of probabilities and possible 

outcomes. In other words, we had 10 classes of lotteries. Within a pair of lotteries, one was relatively 

riskier ($-Bet) than the other (P-Bet), however they were similar in expected values. We tested the initial 

set of lotteries behaviorally on a small group of subject. Using test results we made some fine-tuning to 

payoffs and probabilities so that the choice between two lotteries would seem less obvious. We drew the 

outcomes of lotteries before the beginning of this study, so each subject faced exactly the same resolution 

of uncertainty. We used pairs of lotteries repeatedly, 10 types were used 4 times and the other 10 types 

were used 3 times, which gives 70 periods involving choice. The Table 1.9 below contains pairs of lotteries 

used in the experiment. 

Conditions 

There were 2 ex ante conditions: private (single player) and social (two players) environment. In private 

treatment each subject didn’t learn anything about the actual choices or payoffs of others. In social 

condition, each subject was matched with another one and learned his choice of lottery as well as his 



Chapter 1             �euroeconomics of Observability and Responsibility            33 

 
 

obtained outcome.  The ex ante private condition breaks down to two ex post conditions after choices were 

made:  external responsibility (partial feedback) and personal responsibility (complete feedback). In the 

private and external condition the unselected lottery disappeared from the screen, so a participant could 

observe only the resolution of uncertainty in the chosen lottery, and no information about the outcome of 

the unselected one (partial feedback). In other words, in external condition a subject could face 

disappointment (or relief), if the actual outcome was lower (higher) than the alternative outcome within a 

chosen lottery. The difference in outcomes in this counterfactual comparison is more due to external event 

rather than the active choice of the subject. In contrast, in the ex post private and personal treatment both 

lotteries, the selected and unselected ones were kept on the screen. In this situation the subject was 

provided with complete feedback, so that the difference in outcomes of lotteries in due to personal decision 

of the subject rather than just external chance. There are two ex post conditions for the ex ante social 

treatment: external responsibility (partial feedback) and personal responsibility (complete feedback). In 

social & personal condition two matched subjects (social environment) have chosen different lotteries from 

a pair presented while in social & external condition the same lottery. Obviously, social & personal 

condition both subjects in the match observed outcomes of both lotteries. In contrast in condition social & 

personal the unselected lottery was replaced with the exact copy of the selected lottery. This allowed 

implementing independent spinning of lotteries for both partners. In summary, we had two ex ante 

conditions: private and personal, and four ex post condition: private & external, private & and personal, 

social & external and social & personal. 

Payments 

In order to attract subjects to participate we promised to pay a show-up fee of $15. A subject to be 

scanned inside MRI machine was getting additional $25. To cover potential losses a participant was 

promised a cushion of $15. In addition, subjects were paid the outcomes of 3 lotteries they chose during 70 

periods. Outcomes of lotteries varied from -$5 to $25, so losses were possible. We endowed subjects with 

additional $15 to cushion against the worst possible scenario. In total fixed payments to a scanned subject 

amounted to $55 and to outside MRI subjects $30. The 3 paid lotteries were determined in the end of the 

study using a software randomizing device with uniform distribution for each subject separately. The 

average total payment (payments from 3 paid lotteries are in parenthesis) to subjects scanned in MRI was 

$66.25 ($11.25), with maximum $94 ($39), minimum $51 (-$4), and standard deviation $10.97 ($10.97). 

The average total payment (again payments from 3 paid lotteries are in parenthesis) to subjects 

participating outside MRI was $42.80 ($12.80), with maximum $76 ($46), minimum $23 (-$7), and 

standard deviation $12.39 ($12.39). 
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Table 1.9: Lotteries Used in the Experiment. 

Choice X1 p X2 Y1 q Y2 E(X) E(Y) Var(X) Var(Y) 

1 -5 0.25 0 -1 0.50 -1 -1.3 -1.0 4.7 0.0 

2 -4 0.67 1 -2 0.50 -2 -2.4 -2.0 5.5 0.0 

3 4 0.33 -4 -3 0.25 0 -1.4 -0.8 14.2 1.7 

4 4 0.33 -4 -2 0.33 0 -1.4 -0.7 14.2 0.9 

5 12 0.25 -5 1 0.50 1 -0.8 1.0 54.2 0.0 

6 10 0.25 -4 1 0.50 1 -0.5 1.0 36.8 0.0 

7 9 0.33 -5 0 0.50 1 -0.4 0.5 43.3 0.3 

8 8 0.25 -3 0 0.75 2 -0.3 0.5 22.7 0.8 

9 18 0.50 -4 9 0.67 5 7.0 7.7 121.0 3.5 

10 17 0.50 -3 8 0.67 6 7.0 7.3 100.0 0.9 

11 10 0.25 -1 3 0.75 1 1.8 2.5 22.7 0.8 

12 12 0.33 -2 4 0.83 2 2.6 3.7 43.3 0.6 

13 16 0.25 -4 2 0.50 2 1.0 2.0 75.0 0.0 

14 15 0.33 -5 2 0.50 2 1.6 2.0 88.4 0.0 

15 24 0.33 3 12 0.67 6 9.9 10.0 97.5 8.0 

16 25 0.33 2 10 0.75 8 9.6 9.5 117.0 0.8 

17 22 0.14 3 7 0.67 7 5.7 7.0 43.5 0.0 

18 24 0.17 4 8 0.75 8 7.4 8.0 56.4 0.0 

19 13 0.25 2 6 0.75 2 4.8 5.0 22.7 3.0 

20 12 0.33 1 7 0.67 1 4.6 5.0 26.8 8.0 

�ote: There are two lotteries in each choice: X=(X1 p X2) and Y=(Y1 q Y2), where in the lottery X the 

prize X1 realizes with probability p and the prize X2 realizes with probability (1-p), with similar notation 

applying to the lottery Y. In addition to the very lotteries, the Table provides information about 

expected values E(⋅) and variances Var(⋅) of lotteries. 
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Chapter 2 

 

Are All Animals Really Equal, and Who Is More Equal than 

Others? Three-Person Ultimatum Game with Voting 

 

 

 

2.1. Introduction 

In the first chapter we provided neuroeconomic evidence suggesting that in social environments 

people exhibit envy and gloating. This result was obtained in the simple decision-making experiment that 

didn’t include strategic considerations. However it is natural to expect that envy/pride effects extend to 

games, in which competition between players is more explicit. In particular, much attention was devoted in 

the experimental literature to a one-shot 2-person ultimatum game. In this game a proposer first divides a 

fixed pie of money between himself and a responder, and then the latter accepts or rejects a proposed 

division. If the division is accepted then players get payoffs accordingly, otherwise each gets zero. The 

standard game theory assuming selfish preferences and sequential rationality predicts that proposers should 

offer negligible positive amount to a responder, who should then accept. Güth, Schmittberger, Schwarze 

(1982) demonstrated that behavior of subjects in experimental setting departs fundamentally from the 

standard game-theoretic prediction. Notably, proposers most of the time offer between 40% to 50% of the 

pie to a responder, while responders overwhelmingly reject offers giving them shares below 30% of the pie. 

This behavior of subjects in the 2-person ultimatum game was replicated in numerous experiments.  The 

paradox of ultimatum game, where people reject positive amount of money in one-shot encounters, led to 

numerous theories being put forward with an aim of resolving it. At the center of this discussion, and also 

most closely related to our perspective, seem to be theories of fairness due to Fehr, Schmidt (1999) or 

Bolton, Ockenfels (2001). Both advance the view that people, while essentially selfish, exhibit aversion to 

disadvantageous and advantageous inequality. As the former is simply envy, the latter is the negation of 

pride. In stark contrast, our results on social decision-making presented in Chapter 1 suggest that people 

engage in social comparisons showing both envy and pride. We hypothesize that envy and pride effects
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extend to strategic situations. In accordance with our view Kirchsteiger (1994) provides rationalization of 

experimental data on 2-person ultimatum game assuming envy and pride.  One important lesson we can 

already derive from the literature on 2-person ultimatum game is that many different models, sometimes 

making partially opposite assumptions, are consistent with the observed data. Manski (2002, 2004) 

highlights the identification problem of decision rules and social preferences used by subjects in simple 

experiments of proposal and response.  

In order to study the role of social comparisons in strategic situation, and trying to alleviate 

identification problems, we decided to: 1) conduct behavioral experiment using  the framework of 3-person 

ultimatum game introduced by Güth, van Damme (1998) with some modifications instead of 2-person 

ultimatum game; 2) conduct fMRI experiment looking for neural underpinnings of responders’ behavior. 

We elaborate on this research project below. Güth, van Damme (1998) devised 3-person ultimatum game, 

in which a proposer divides a pie of money between three people: himself, a responder, and a dummy. 

After seeing the message (which can be varied) about the proposed split the responder decides whether to 

accept or reject the division. If he accepts all players get payoffs accordingly, otherwise each gets nothing. 

Güth, van Damme (1998) provide evidence that both proposers and responders show little concern for the 

dummies. In addition, non-negligible shares allocated to a responder are conditional on his ability to 

monitor his share before his decision to accept or reject a give split. This seems to be at odds with fairness 

theories incorporating aversion to advantageous inequality.  As the result of Güth, van Damme cast serious 

doubt on fairness explanation of actual behavior of subjects in bargaining experiments the experimental 

design they is not free from weak points. Note that a dummy is completely passive in this game, and as 

such this could prime proposers and/or responders to discriminate against him.  To eliminate this criticism 

we modified 3-person ultimatum game of Güth, van Damme (1998) by introducing voting into their 

framework.  We consider 3-person ultimatum game with voting (VUG), where after a proposer decides 

about a division of monetary pie, all three players vote whether to accept or reject it. If majority accepts 

each player gets paid according to the proposed division, otherwise each gets nothing. The strategic 

situation of players other than a proposer is symmetric in VUG unlike in the original game of Güth, van 

Damme (1998) and therefore it seems more suitable to study social comparisons. In this paper we report the 

results of the behavioral experiment on VUG, design of which took into account our ultimate goal to study 

VUG in MRI scanner using neuroeconomic techniques. This imposed some constraints on experimental 

design. In MRI experiments we are able to scan only one person at a time. At the same we needed many 

observations to meaningfully analyze brain data. For these reasons we focused on studying repeated VUG 

in the fixed groups of three players. To limit repeated game considerations that subjects may entertain we 

introduced imperfect monitoring. However, studying repeated VUG may not be much different from 

studying one-shot version for rather prosaic reason that subjects may not fully take into account the one-

shot nature of the interaction. 
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Our results are generally in line with those obtained by Güth, van Damme (1998).  Proposers keep 

advantage in splitting the pie and frequently take all if responders monitor neither their own payoffs nor 

one of a proposer. In case responders do monitor their payoffs, proposers often give positive amount of 

money only to one of them, while keeping the rest for themselves. The use of such splits, that we dub 

minimum winning coalitions (MWC), is rising as experiment progresses due to learning effects. Estimating 

probit model of responders decision to accept or reject we find evidence for envy and pride towards the 

other responder, and only towards the proposer. We don’t find pride over proposers, however this could be 

due to proposers advantage in the game, and consequently almost no observations in which one of 

responders get strictly higher payoff than the proposer.  

 

2.2. Experimental Design 

The study was approved by the Institutional Review Board at the University of Minnesota.  The 

experiment was conducted in Social and Behavioral Sciences Laboratory (SBSL) at the University of 

Minnesota. We enrolled subjects from principle courses in economics at the University of Minnesota, who 

participated in 6 experimental sessions in April, 2008. The number of subjects per session varied:  27, 18, 

30, 12, 18, 33, giving the total number of participants of 138, with 57 females and 81 males. The software 

for the experiment was implemented in LabView.  

After arriving at the SBSL lab each subject was asked to read paper instructions (see Appendix for 

the exact instructions presented to the subjects).  Additionally, we read aloud the instructions before 

starting. Subjects could ask questions, which were publicly repeated and answered.   The SBSL lab 

encompasses large room with 41 computer stations, each in the cubicle, so that the subjects couldn’t 

overlook others during the experiment.  We managed the experiment from two control computers in the 

lab.  All 43 computers were connected over local network.  The experimental sessions took no longer than 

50 minutes.   

The experimental task involved playing repeatedly a 3-person ultimatum game with voting 

(VUG). The VUG is a modified version of 3-person ultimatum game originally due to Güth, van Damme 

(1998).  It is between three players: a proposer and two responders1. A proposer decides first about the split 

of $30 between players. We allowed only splits up to integer dollar amounts.  After observing information 

                                                           

1 In the experiment a proposer and two responders were called voter 1, voter 2, and voter 3, respectively.  

This frame was used in order to highlight the symmetry of players conditional on the proposal. We use 

proposer/responder nomenclature for expositional clarity. 
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about proposed division, all three players (including a proposer) vote whether to accept or reject the 

proposal. The outcome of the vote is decided by majority rule. If the proposal is accepted by at least two 

players (counting the proposer) everyone gets payments accordingly, otherwise everyone gets nothing.   

We varied information the two responders received about the proposed split.    Let’s denote by x, 

y, z the shares in the pie of a proposer, a responder 1, and a responder 2, respectively.  The proposer always 

knew the split (x, y, z), so we could vary only a message to responders before voting.  There were four 

informational treatments: Full Info, Power, Me and Other. In the treatment Full Info all players learnt (x, y, 

z) before voting. In the remaining conditions the responders received the information about the share of 

only one player.  In the treatment Power the responders learnt only the share of the proposer. In treatment 

Me each responder learnt only his own share. In treatment Other the responder 1 learnt the share of 

responder 2, and vice versa the responder 2 learnt the share on responder 1 only.  In each treatment the 

proposer was informed what the responders would learn before voting about the split (x, y, z). The Table 

2.1 summarizes the experimental treatments used. 

Table 2.1: Experimental Treatments. 

Treatment Message to Responder 1 Message to Responder 2 

Full Info (x, y, z) (x, y, z) 

Power (x) (x) 

Me (y) (z) 

Other (z) (y) 

                    Note: x – proposer’s share, y- responder’s 1 share, z – responder’s 2 share.  

In our experiment VUG was played repeatedly by fixed groups of three players.  Within a group, 

one subject was always in the role of proposer. Two other subjects in were alternating randomly in roles of 

Responder 1 and Responder 2. In the first four sessions 87 subjects played VUG for 60 rounds. We 

performed additional two sessions with 51 subjects in which VUG was played for 72 rounds. Those 72 

rounds included 20 in which the proposals were made by computer.  The informational treatments 

alternated in cycle: Full Info, Power, Me, Other, Full Info… The rounds with computer offers in two 

sessions were randomly dispersed in time and balanced with respect to informational treatments.  

In four sessions without computer offers each round started with a fixation screen. In two sessions 

with computer offers subjects were informed in the beginning of each round whether offers were made by 

human or computer. In case of human offers the proposers had unlimited time to allocate the pie of $30 

among three players. During the allocation process they were able to monitor the messages about the split 

that were to be sent to responders. After finalizing the division proposers were elicited subjective 

probabilities that the proposed split would be carried out on a 6-point probability scale: 0%, 20%, …, 
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100%. Subsequently all players (including a proposer) voted to reject or accept the proposed split. If at least 

two voters voted to accept the split, the proposed split was implemented, otherwise everyone received 

nothing. After all subjects casted their votes they were shown with the round summary. It included 

information whether the proposal was accepted/rejected by majority as well as payoff of each subject. No 

information was given about individual votes by players. The round ended with the mood question: “How 

did that make feel?” that subjects answered on 11-point scale with 0 meaning “bad”, 5 “neutral”, and 10 

“good.” Once subjects completed playing the game we conducted computerized debriefing. We recorded 

subjects’ self-stated gender affiliations and comments on their strategy in the game. 

Subjects were paid $10 participation payment plus the payoff from one round drawn at random at 

the end of the experiment.  Performance earnings varied from $0 to $30 with average of $8.7, so that a 

subject received on average $18.7 in total, which was enough to purchase two lunches in campus cafeterias 

at the time of the experiment. 

 

2.3. Related Literature 

VUG is a modified version of 3-person ultimatum game originally due to Güth, van Damme 

(1998).  The 3-person ultimatum game studied by Güth, van Damme (1998) involved a proposer, a 

responder and a dummy. It was only up to a responder to decide whether the proposed division of the pie 

was to be carried out or not, in the latter case everyone getting nothing. The dummy had no active role in 

the game. Güth, van Damme (1998) varied responder’s information about proposed split before he made 

decision. Three treatments were considered: Full Information, Essential Information and Irrelevant 

Information. In the Full Information treatment a responder was informed about the payoff of each player. In 

contrast in two other conditions a responder learnt payoff of only one player: his own in Essential 

Information and of the dummy in Irrelevant Information condition. The main result of Güth, van Damme 

(1998) was that proposers exploited informational treatments to their advantage. In short proposers took 

around 50% of the pie in treatments Full Information and Essential Information, while giving around 35% 

to the responder and almost minimum possible amounts to the dummy. In Irrelevant Information treatment 

proposers kept almost everything for themselves leaving negligible amounts to both a responder and a 

dummy. Güth, van Damme (1998) conclude that strong intrinsic preference for fairness should be rejected 

as a potential explanation of observed behavior in many bargaining experiments. They highlight that not a 

single rejection can clearly be attributed to responder’s concern for the fate of a dummy. In later study 

Güth, Schmidt, Sutter (2007) performed a newspaper experiment on 3-person ultimatum game with Full 

Information condition only. They used strategy method to elicit behavior from a large sample of around 5 

thousand participants. While the sample was not representative, people from many different social groups 
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participated. Güth, Schmidt, Sutter (2007) provide arguments for external validity of studies performed on 

student population. Nevertheless, the overall conclusion of the study was that some responders exhibited 

some concerns for well-being of the dummies.  This finding stays in contrast with the previous study. The 

difference between the studies may come from different elicitation procedures used: play method in Güth, 

van Damme (1998) and strategy method in Güth, Schmidt, Sutter (2007). More specifically, we flag a 

potential problem with using strategy method in bargaining experiments. In such experiments substantial 

part of responders would reject proposals with high share, above 50%, allocated to them. We want to 

highlight that instances of proposers actually making such offers are extremely rare.  One should then ask 

to what extent the apparent aversion to advantageous inequality among some responders (rejecting more 

than 50% of the pie) reflects true preference, or is just signaling or demand effect at zero cost to the subject. 

In our view this casts serious doubt on empirical support for the assumption of aversion to advantageous 

inequality, a central tenet in theories of fairness due to Fehr, Schmidt (1999) or Bolton, Ochenfelks (2000). 

These theories of fairness, especially the former, demonstrated ability to organize large body of 

experimental work in which subjects’ behavior was shown to depart from standard game-theoretic 

predictions. Nevertheless they remain controversial, for example see Shaked (2008) for critique of Fehr, 

Schmidt (1999) and following replies of authors.  Independently, a 3-person ultimatum game of Güth, van 

Damme (1998) was used as a basis to design demanding tests of theories of fairness due to Fehr, Schmidt 

(1999) or Bolton, Ochenfelks (2000). For example Kagel, Wolfe (2001) consider 3-person game where a 

proposer splits a pie between himself and a responder, and if rejection follows a third party receives 

consolation prize that is varied.  Theories of fairness under test predict no rejections (or at least 

substantially lower rejection rates) in ultimatum game with consolation prizes contrary to the observed 

behavior by Kagel, Wolfe (2001). In closely related paper Bereby-Meyer, Niederle (2005) reach similar 

conclusions.  

VUG is also related to the literature on legislative bargaining. For example Baron, Ferejohn 

(1989) consider a closed-rule model of coalitional bargaining. In the 3-person version of the game, a 

proposer is recognized randomly from the group of 3 players and he proposes a split of the pie among all 

players. This proposal is put to the vote. If passed the game ends and players are paid accordingly. If 

rejected the next proposer is chosen from among the players that weren’t recognized in the last round and 

the procedure repeats itself as in round one. Specifically, Frechette, Kagel, Morelli (2005) investigated a 

closed-rule model of coalitional bargaining in 5-player game. They found that majority of splits involved 

minimum winning coalition (MWC), where non-coalition members got zero. The average frequency of 

MWC offers was 76.6%, with the increasing trend throughout the repeated plays of the game. Among 

experienced players, who participated in additional experimental session, the frequency of MWC offers 

was even larger, around 94.2%. Further, proposers held bargaining advantage receiving 39.3% of the pie, 

while coalition partners on average were getting 30.8%.   
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2.4. Results 

The standard game theory assumes that players are motivated by purely selfish and risk-neutral 

preferences.  Given this assumption, the subgame perfect equilibrium2 of one-shot VUG in treatments Full 

Info, Me and Power is for a proposer to keep almost everything for himself (or $29) and vote to accept, 

while leaving the negligible amount of $1 to a responder in order to bribe him for the pivotal vote to accept. 

The strategy of a responder is to accept if he gets at least $1 in treatments Full Info and Me, and reject 

otherwise. In treatment Power a responder should always accept if he observes a proposer demanding less 

than $30, and reject otherwise.  The equilibrium of one-shot VUG in treatment Other is more peculiar.  A 

responder observing that the other responder was getting $1 would correctly interpret it as a bad news of 

receiving $0. This bad news effect implies that in equilibrium a proposer essentially takes all or $30 and 

votes to accept. At the same time a responder essentially always votes to accept observing $0 to the other, 

and to reject otherwise. The experimental literature on ultimatum and dictator games suggests that even in 

case of one-shot interactions we should not expect subjects to behave close to the predictions of subgame 

perfect equilibrium with the assumption of purely selfish preferences. As we study repeated VUG one 

could argue that the observed departures from one-shot equilibrium with selfish preferences may be due to 

repeated interactions. We hypothesize that the main driving force behind observed behavior of subjects are 

social comparisons. From a perspective of a single player if he gets less than someone else he experiences 

envy, and if het gets more than someone else he experiences pride. We believe that repeated interactions 

are only of secondary importance in explaining our results, and similar results would be obtained  in one-

shot experiments. We see two reasons for this claim. First, the repeated VUG we study involves imperfect 

monitoring that prevents players from building long-term relationships at the expense of one other player. 

Second some have argued that subjects in one-shot experiments actually fail to fully account for one-shot 

nature of experimental games. We will come back to these issues once we discuss our results.  

Observations of the same subject across different rounds can’t be treated as independent. We 

address this issue in statistical analysis in two ways. First, we average variables under study across rounds 

for each subject and treat these averages as independent. Second, while performing regression analysis we 

correct standard errors for intra-subject correlation. In addition, if we make between treatments 

comparisons we use paired samples tests. This procedure can be justified by the fact that subjects in our 

experiment played VUG repeatedly in fixed groups of three. Subjects’ types or dynamics of repeated 

interaction could evolve differently between groups. To reach reliable conclusions the use of paired 

                                                           

2 We limit equilibrium discussion to strategies in which a responder votes to reject the proposed split if he 

learns that his share is zero. We consider only symmetric strategies of responders. The symmetry restriction 

doesn’t imply that the equilibrium play of the responders will be the same. 
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samples seems desirable. Last, we always report the results of two sided tests if not stated explicitly 

otherwise. 

 

2.4.1 Proposers’ Behavior 

First we look at decisions of proposers how to divide $30 among three players. The proposer’s 

share is similar in treatments Full Info with mean 45.2% and Power with mean 43.9%, see Figure 2. The 

difference between two conditions is not significant (Wilcoxon signed rank sum test, z=1.137, p=0.256). In 

these two treatments the share of proposer is observed by responders before voting. In contrast as it is 

removed from the spotlight in treatments Me and Other proposer’s share increases on average to 59.0% and 

72.7%, respectively. The difference in proposer’s share between treatments Me and Full Info is highly 

significant (Wilcoxon signed rank sum test, z=5.660, p<0.001). At the subject level average proposer’s 

share was larger in Full Info than in Me condition for 41 subjects in our sample, while for only 2 subjects 

there was no difference, and was lower for the remaining 3 subjects.  Importantly, in the treatment Other 

the proposers take the most for themselves as compared to all other treatments and also much more than in 

the treatment Me (Wilcoxon signed rank sum test, z=5.191, p<0.001). Proposers become greedy once 

responders monitor neither proposer’s nor their own shares. Looking at subject averages 38 proposers 

demand more in treatment Other than in treatment Me, 5 less and 3 exactly the same shares. The emerging 

picture is that proposers tend to become more selfish once their share is removed from the spotlight, and 
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Figure 2.1: Proposer’s Share across Treatments.  Means and 95% confidence 

intervals are reported. 
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even more so if responders can’t monitor their own payoff. In the treatment Other responders vote in the 

dark, knowing neither what is their share nor the share of the proposer. The only signal responders receive 

about the split in the treatment Other is the share of the other responder. Proposers seem to take advantage 

of this situation by making the most selfish proposals out of all treatments. 

We switch now focus from proposer’s to responders’ shares. We look at responders’ average 

shares in different treatments by creating distinction between higher and lower shares they are getting in a 

split. Recall the notation where y and z are shares of responders and x proposer’s share in a split (x, y, z) of 

$30. For a given split (x, y, z) we consider a maximum of {y, z} and a minimum of {y, z} that responders 

receive. We later write just max and min respectively.  This distinction is relevant because a proposer, on 

top of his own vote, needs only one (pivotal) vote from the two responders to get a split accepted. The 

possibly cheapest way for a proposer to get a pivotal vote is to offer a positive amount to one responder, 

zero to the other and keep the rest for himself. In multilateral bargaining literature such splits are thought as 

of minimum winning coalitions (MWC). However, MWC proposals stay in conflict with strong preference 

for fairness. As to the levels of max and min shares of responders they are similar in conditions Full Info 

and Power. Max and min shares are about 36.8% and 18.0% in Full Info, while 36.1% and 20.0% in Power 

treatment. If the share of power player is removed from the spotlight but still the responders may monitor 

their payoffs as in treatment Me, both max and min shares of responders go down significantly to 31.72% 

and 9.3%. In treatment Other responders can only monitor the payoffs of the other responder before casting 

a vote which leads max share to dip to 18.4% while min share is around 8.8%. These data suggest that 
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Figure 2.2: Max and Min of Responders’ Shares across Treatments. Means 
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proposers are concerned with not looking too greedy in conditions Full Info and Power, but once they share 

is hidden they decrease opportunistically the max and min shares of responders. Obviously they have to be 

careful with decreasing max share in treatment Me. The following inequalities summarize comparison of 

players’ shares across treatments (“<” significant difference and “ ≈” no significant difference, see Table 2 

for corresponding z values obtained using Wilcoxon signed rank sum test): 

x(Full Info) ≈ x(Power) < x(Me) < x(Other) 

max(Full Info)  ≈  max(Power) >max(Me) > max(Other) 

min(Full Info) ≈  min(Power) > min(Me) ≈ min(Other) 

Table 2.2: Comparison of Players’ Shares across Treatments (z values). 

Variable Full Info vs. Power Power vs. Me Me vs. Other 

x 1.137 -5.490*** -5.191*** 

max {y, z} 0.443 3.094** 5.725*** 

min {y, z} -1.208 4.676*** 0.481 

What are relative shares of players within treatments? We observe a proposer advantage in all 

treatments as compared to a max share of responders. Proposers get on average at least 43.9% of the pie 

(treatment Power). At the same time the average max share of responders never gets above 40%, this 

applies also to the upper limits of 95% confidence interval. If we look at differences between average max 

and min shares (see Figure 2) offered to responders we find highly significant differences within all 

treatments (Wilcoxon signed rank sum test, Full Info z=5.684, p<0.001, Power z=5.828, p<0.001, Me 

z=5.889, p<0.001, Other, z=5.874, p<0.001).  This provides evidence that proposers often use 

discriminatory strategies, for example MWC splits.  

To get more insight into the behavior of proposers we may single out three types of splits: equal, 

minimum winning coalition (MWC) and unequal. The equal proposal corresponds to each player receiving 

1/3 of the pie. The MWC, or bribing, proposal is one in which a proposer gives positive share to only one 

responder, while leaving nothing to the other responder. The unequal proposal corresponds to a proposer 

taking the whole pie. The Figure 3 shows relative frequencies of equal, MWC, and unequal splits among all 

offers across treatments. The pattern that emerges is that the proposers make equal proposals around 40% 

of the time in treatments Full Info and Power. The relative frequency of equal offers falls dramatically in 

conditions Me to 14.7% and Other 13.9% in which proposers’ shares can’t be monitored by the responders. 

The MWC offers are most often used in treatment Me. 60.3% of all offers were of MWC type in this 

Note: P values convention: *** p<0.001, ** p<0.05, * p<0.1. 
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treatment! In this condition responders vote based on observing their share and their ability to take into 

account distributional considerations is limited. The MWC offers are also frequent in condition Other with 

relative frequency of 41.5%, and in addition they are as frequent as equal offers in this condition. The 

relative frequency of MWC splits decreases in conditions in which responders are not able to monitor their 

shares precisely: treatments Power with relative frequency 23.9% and Other with 29.4%.  If we look at 

unequal offers they are essentially absent from all treatments except Other. 31.6% of all offers in treatment 

Other are unequal!  

Figure 2.3: Equal, Minimum Winning Coalition, and Unequal Offers across Treatments 

Treatment Equal MWC Unequal Total 

Full Info 43.1 41.5 0.2 84.8 

Power 38.1 23.9 0.9 63.0 

Me 14.8 60.4 2.4 77.6 

Other 13.9 29.4 31.6 74.8 

Average 27.5 38.8 8.8 75.0 

 

We want to look now at how proposers’ behavior evolved overtime. The Figure 4 displays 

proposers’ share overtime across treatments. In all treatments except Power there is clear tendency for 

proposers to capture higher stake as the experiment proceeds. In conditions Me and Other, when proposers’ 

share is not monitored, proposers increase their demands fast in the first 3-4 cycles. After this initial rise 

proposers’ share fluctuates without discernible trend towards the end of the experiment. In treatments Full 

Info and Me the proposers seem to increase their share gradually throughout the whole experiment. The 

main reason for this effect is the steady increase in the use of MWC splits, which happens at the cost of 

lower frequency of equal offers, see Figure 5. This strategy is potentially successful if responders don’t 

care about each other and are able to observe their own shares. The latter is met exactly in conditions Full 

Info and Me. However, the MWC split seems to be much more popular in the latter, as responders are not 

able to condition their votes on payoffs of others, for example the advantage of the proposer is removed 

from the spotlight. If we look at proposers’ share overtime at the treatment Power no real trend can be seen. 

At the last 3 cycles there is substantial increase, but it should be taken with caution. These last 3 cycles 

include only two sessions – sessions with 52 human and 20 computer offers instead of just 60 human offers 

as in the remaining 4 sessions. Our preferred interpretation of no trend in proposers’ share in the treatment 

Power is that proposers try to avoid looking greedy.  In the treatment Power proposers can not rely on self- 
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interest of responders to bribe them with MWC split, so showing too much greed may be risky for the 

proposers. The driving force behind steadily rising use of MWC in lieu of equal splits in treatments Full 

Info and Me is difference in profitability for proposers of these two types of strategies. This conclusion is 

robust as to whether we look at expected average returns (computed using subjective acceptance 

probabilities elicited from proposers) or realized average returns, see figures 2.5 and 2.6. 

Figure 2.3: Proposers’ Share Overtime across Treatments. 
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Figure 2.4: Offer Types Overtime across Treatments. 
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Figure 2.5: Expected Profitability of Offer Types for Proposers. Expected 

profitability was computed based on subjective probabilities of acceptance 

stated by proposers after deciding on the split. 

Figure 2.6: Realized Profitability of Offer Types for Proposers. 
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2.4.2. Voting Behavior 

 In this section we investigate voting behavior by players in VUG. The focus here is on responders, 

as proposers vote to accept 97.8% of times, which is close to 100%. It is valuable to distinguish between 

majority acceptance rates (at least 2 votes cast to accept out of 3) and individual acceptance rates 

(excluding a proposer). Overall, we observe high majority acceptance of 90.6% and moderate individual 

acceptance of 66.6%. There is variability between different treatments (see Table 2.4) and overtime (see 

Figure 2.7).  Interestingly the individual acceptance is higher in treatments in which share of proposers is in  

Table 2.4: Individual and Majority Acceptance across Treatments 

Treatment Individual Acceptance Majority Acceptance 

Full info 71.9% 94.4% 

Power 75.2% 93.9% 

Me 57.3% 90.1% 

Other 62.0% 84.1% 

Overall 66.6% 90.6% 

the spotlight before voting. In treatments Full Info and Power individual acceptance of responders is above 

70%, while in the remaining treatments Me and Other it is around 60%. Majority acceptance is above 90% 

in all treatments except Other, in which it is 84.1%. If we look at majority acceptance overtime (see Figure 
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Figure 2.7: Acceptance Overtime by Treatment. 
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2.7) there is no clear trend at all conditions except Other, where there is some tendency for majority 

acceptance to decrease overtime. Individual acceptance is a different story, as it goes down overtime in 

treatments Full Info and especially in treatments Me and Other. In conditions Full Info and Me these trends 

seem to be negatively correlated with the increasing overtime use of MWC splits by proposers.  

Analysis of responders’ voting that abstracts from what offers were on the Table doesn’t give a 

full picture what was happening. To get more insight into voting patterns we select 5 most frequent splits 

observed by responders and discuss below conditional voting patterns, see Table 2.5. The strategic position 

of two responders is symmetric before offer is made, so we organize the data according to max and min of 

shares received by responders. In treatment Full Info equal offers were most frequent and always won 

majority acceptance, still there were 15 instances (out of 283) of individual votes by responders against 

equal split.  The other two most frequent splits involved MWC with (x, max, min)  =  (20, 10, 0) or (15, 15, 

0) . Responders obtaining higher share accepted such splits almost always, or 89.4% and 98.3% of cases 

respectively. At the same time responders receiving lower share vote to reject such splits, but they don’t 

have any impact on the resulting majority. Simply majority acceptance mirrors voting pattern of responders 

with higher shares. Clearly, responders show little concern for the worst-off subject and instead look for 

their own material payoff. Note that names of responders (Voter 2 or Voter 3) were changing randomly as 

the game proceeded, so that the exclusive relationships of a proposer with a given responder to push 

through MWC splits were not possible. Responders accepting the MWC splits to get $15 or $10 

immediately, in effect, were accepting overwhelmingly just half of these amounts in long term. This stays 

in contrast with voting patterns on (partially equal) splits like (x, y, z) = (20, 5, 5) or (12, 9, 9) in Full Info 

treatment. The former was supported by 68.4% of responders, while the latter by 59.4%. These levels of 

individual acceptance are much lower than those for the responders with higher shares in MWC splits.  At 

the same time long term expected payoffs from accepting MWC and partially equal offers seems to be the 

same. The difference in individual acceptance rates of these two types offers in Full Info treatment may be 

due to social comparisons.  While evaluating partially equal offers responders may experience envy for 

higher payoff of a proposer but no pride that they are getting more than the other responder. In contrast, 

facing MWC splits envy towards proposers is counterbalanced by pride of having more than the other 

responder. As the result MWC splits receive higher individual acceptance than corresponding (with similar 

long term payoffs) partially equal offers. Surprisingly both partially equal splits got high majority 

acceptance, the former 89.5% and the latter even 100%. This shows that responders objecting to the split 

had difficulty to get their voice through. The discussed data suggest that responders are concerned about 

their own payoff showing both envy and pride effects rather than being concerned with low payoff of one 

of players. In treatment Power individual acceptance decreases the more a proposer takes for himself, but 

not linearly. If a proposer increases demand just above $10 to $12, in other words just above 1/3 of the pie 
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in our three-person game, responders decrease voting to accept substantially from 87.8% to mere 68.1%. In 

contrast a proposer’s demand of $15 results in individual acceptance rate of 65.3%, not much difference as  

Table 2.5: Responder’s Voting to 5 Most Frequent Offers across Treatments 

Treatment 
Shares of Players in $ 

Obs. 
Voting to Accept in % 

x max min max vote min vote majority 

Full info 20 5 5 19 68.4 68.4 89.5 

 20 10 0 94 89.4 10.6 89.4 

 15 15 0 115 98.3 1.7 97.4 

 12 9 9 16 59.4 59.4 100 

 10 10 10 283 94.7 94.7 100 

     max & min vote  

Power 25 4.9 0.1 14 53.6 92.9 

 20 7.8 2.2 51 52 84.3 

 15 11.9 3.1 121 65.3 93.4 

 12 10.8 7.2 36 68.1 100 

 10 11.3 8.7 298 87.8 99.3 

 x me other  my vote  

Me 
21.0 0 9.0 119 1.7 79.0 

 
20.3 5 4.7 54 61.1 79.6 

 
17.0 8 5.0 32 75 90.6 

 
16.4 10 3.6 296 92.9 95.6 

 
14.1 15 0.9 51 100 100 

       

Other 
27.3 2.7 0 607 62.4 81.9 

 
27.3 1.7 1 32 65.6 81.3 

 
20.5 4.5 5 205 63.4 83.9 

 
14.9 7.1 8 32 65.6 100 

 
13.1 6.9 10 289 63.3 88.2 

        Note: Payoffs observed by the relevant responders are in bold font. 

compared to individual acceptance rate of demand of $12.  In case of proposer’s demands of $20 the 

acceptance rate goes down to 52%.  If we look at majority acceptance there is much less variability. For 
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example the demands of $10 and $12 are almost always accepted.  Demands of $20 receive the majority 

acceptance of 84.3%, so that in terms of expected value they are more attractive for a proposer than 

demands of $15. What is apparent is the similarity in responders’ reactions to demands above $10 in Power 

treatment and to partially equal offers in treatment Full Info.  Despite substantial variability of acceptance 

rates at individual level majority acceptance rates are high anyway in treatment Power, generally above or 

close to.90%. In condition Me responders only observed their own share before voting. They voted 

overwhelmingly to accept offers of $10 with individual acceptance of 92.9%. The individual support of 

offers of $5 is much lower, or around 61.1%. Again, this pattern resembles the behavior of responders in 

condition Full Info.  In condition Other the situation is more complex. In this treatment responders learn 

only the share of the other responder, and neither their own nor proposer’s shares. Crucially, at aggregate 

level responders don’t seem to differentiate their voting behavior based on other’s share. They vote to 

accept splits that give zero to the other in 62.4% of cases, and at the same time they vote to accept $10 to 

the other at similar rate of 63.4%. The individual acceptance rates for the frequent shares of the other 

responder fluctuate around 65%. This pattern of behavior is the result of peculiar situation that responders 

find themselves in treatment Other. They seem to realize that proposers use mixed strategy: sometimes 

demanding the whole pie, and sometimes leaving some amount to responders.  Crucially, responders don’t 

accept with substantially higher probability $10 to the other responder versus $0. This indicates that 

responders are rather not motivated by concern for wellbeing of the other responder in treatment Other, but 

rather their behavior reflects mixed strategy nature of the interaction. 

 We now look at behavior of responders by examining random effects probit models with 

individual vote to accept as a dependent variable (1 - accept, 0 - reject). Looking at treatment Full Info we 

find that own’s payoff was the main factor for responders to vote to accept or reject a split, see FI (Full 

Info) columns in Table 2.6. We ran 3 regressions for Full Info condition trying to explain voting pattern of 

responders: one model with responder’s share as the only predictor, and the other two were augmented with 

proposer’s share or other responder’s share. The results are striking with coefficients on own’s share being 

highly significant (p<0.001) and stable at around 0.333 across all regressions. The coefficients on 

proposer’s share or other responder’s share are two orders of magnitude lower in absolute value and not 

significant at standard levels (p>0.1). In treatments Power, Me and Other we look how the shares observed 

in each of these conditions impact responders’ voting relative to Full Information benchmark, see columns 

FI & Power, FI & Me, and FI & Other in Table 2.6. The focus here is on interaction terms. In treatments 

Power and Me the shares revealed to responders impact their decisions in the same way as in treatment Full 

Information, specifically interactions terms Proposer’s share * I[Power] and My share * I[Me] are not 

significant at standard levels (p>0.1), see columns  FI & Power and  FI & Me in Table 2.6.  In condition 

Other the interaction term Other’s share * I[Other] is negative and highly significant (p<0.001). In other 

words, in treatment Other the payoff of the other responder is more a bad news to a voting responder than 
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in Full Information treatment. Summarizing responders decide whether to accept or reject a split by a 

proposer primarily based on their own payoffs. Shares of other players are secondary in responders’ voting 

decisions, and are decisive only when information about own’s payoff is not available. In addition there is 

evidence that responders are more sensitive to what other responder may get rather than to what a proposer 

takes for himself. 

Table 2.6:  Random Effects Probit Models of Responders’ Acceptance 

 Responder’s Vote to Accept (1 - Accept, 0 – Reject) 

Variable Treatments (T): FI FI FI FI&Power FI&Me FI&Other 

My share * I[T] 0.329*** 0.333*** 0.325***  0.364***  

 (0.018) (0.019) (0.020)  (0.014)  

Proposer’s share * I[T]  0.008  -0.110***   

  (0.015)  (0.008)   

Other’s share * I[T]   -0.008   -0.047*** 

   (0.015)   (0.006) 

Proposer’s share * I[Power]    0.004   

    (0.004)   

My share * I[Me]     0.011  

     (0.011)  

Other’s share * I[Other]      -0.024** 

      (0.008) 

Constant -1.564*** -1.711*** -1.458*** 2.277*** -1.856*** 0.863*** 

 (0.156) (0.313) (0.249) (0.133) (0.134) (0.081) 

Obs. 1312 1312 1312 2624 2624 2624 

No subject 92 92 92 92 92 92 

Log-likelihood -336.6 -336.4 -336.4 -1225 -653.4 -1489 

 Note: Standard errors in parentheses. P values convention: *** p<0.001, ** p<0.05, * p<0.1. 

Güth, Schmidt, Sutter (2007) examined a 3-person ultimatum game with a dummy in a newspaper 

experiment using strategy method.  They analyzed responses from a large sample of 5,132 readers of 

German newspaper Die Zeit. Specifically, they estimated probit model of responder’s acceptance with four 

predictors including absolute values of advantageous and disadvantageous inequality for a responder 

relative to a proposer and a dummy. This formulation is closely related to Fehr, Schmidt (1999) 

specification of utility function incorporating inequality aversion. Aversion to advantageous inequality 

seems to play a prominent role in the ability of Fehr, Schmidt (1999) theory to organize a large body of 

experimental evidence that documents challenges to the predictions of classical game theory in many 
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simple games on bargaining, public good contributions, etc. Indeed Güth, Schmidt, Sutter (2007) provide 

evidence that responders in their study were averse to both advantageous and disadvantageous inequality. 

Our results are different. We ran random effects probit regression of responder’s acceptance of a proposal 

(1 – accept, - reject) on measures of inequality, results are reported in Table 2.7. We provide evidence that 

responders in our study are averse to disadvantageous inequality (envy), but do not exhibit aversion to 

advantageous inequality in contrast to the results of Güth, Schmidt, Sutter (2007). More, responders show 

preference for advantageous inequality (pride) towards other responder. However, we don’t find similar 

effect for advantageous inequality (pride) towards a proposer. The lack of the effect can be potentially 

attributed to very few observations in which a proposer offered strictly less to himself than to a responder 

with the highest share.  We attribute the difference in the results between our study and Güth, Schmidt, 

Sutter (2007) to different elicitation mechanisms used to collect experimental data. Güth, Schmidt, Sutter 

(2007) use strategy method. We contend that their finding of aversion to advantageous inequality depends 

crucially on responder’s rejections of highly advantageous offers. In practice such offers are very rarely 

made by proposers, a fact that can be easily anticipated by responders. In this situation the stated strategies 

of such responders should be treated with skepticism, whether they are not motivated by signaling or 

teaching considerations. The play method by construction avoids such concerns. We want to highlight that 

we are not against the use of strategy method per se, but rather suggest that data analysis should be more 

careful.  

Table 2.7: Social Comparisons 

Variable Coefficient Interpretation 

Max {me-power, 0} -0.027 (0.028)  

Max {me-other, 0} 0.049*** (0.017) Pride towards a responder 

Max {power-me, 0} -0.106*** (0.012) Envy towards a proposer 

Max {other-me, 0} -0.168*** (0.017) Envy towards a responder 

Constant 2.033*** (0.162)  

Obs. 1312  

No subjects 92  

Log-likelihood -313.1  

 

 

Note: Random effects Probit model of responders acceptance (1-Accept, 
0-Reject) Standard errors in parenthesis. P values convention: *** 

p<0.001, ** p<0.05, * p<0.1. 
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2.4.4. Human vs. Computer Offers 

 After running four sessions that involved 60 rounds with offers made only by humans, we ran two 

other that included 20 rounds with computer offers and 52 with human offers. Subjects learned in the 

beginning of a round whether human or computer is to make an offer. The computer offers were selected 

by us from the distribution of offers in the first four sessions of the experiment, with a caveat that we 

excluded equal offers. With introduction of computer offers we wanted to test whether intentionality of 

proposers making splits matters to responders, or rather they base their decision rather on distributional 

Table 2.8: Comparison of Responders’ Voting on Human vs. Computer Offers 

Treatment Comp. Shares of Players in $ Obs. Voting to Accept in % 

x max min max vote min vote majority 

Full info 0 20 10 0 188 89.4 10.6 89.4 

 1 20 10 0 102 80.4 5.9 80.4 

 0 15 15 0 230 98.3 1.7 97.4 

 1 15 15 0 68 94.1 5.9 94.1 

         

Power 0 15 7.5 7.5 242 65.3 93.4 

 1 15 7.5 7.5 170 62.9 84.7 

  x me other  my vote  

Me 0 20.4 0 9.6 428 5.8 85.0 

 1 19 0 11 85 1.2 94.1 

 0 15.4 10 4.6 462 93.1 96.1 

 1 20 10 0 68 92.6 92.6 

 0 14.2 15 0.8 72 100 100 

 1 15 15 0 17 100 100 

         

Other 0 13.1 6.9 10 289 63.3 88.2 

 1 20 0 10 34 73.5 100 

 0 27.3 2.7 0 607 62.4 81.9 

 1 27.5 2.5 0 136 71.3 92.6 

 

considerations alone. Most importantly, we find that some responders still vote against computer proposals 

offering them positive amounts of money, see Table 2.8. This observation alone suggests that other factors 

than intentions of proposers are important to responders’ behavior. The fact that a computer is making an 
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offer instead of a human has differential effect across treatments. In treatment Full Info responders accept 

less often offers (with positive shares) from a computer than from humans. We ran random effects3probit to 

predict a responder’s vote (1 – accept and 0 – reject) against a dummy of offer type (1 – computer and 0 – 

human).   The coefficient on offer type was negative or -0.920, and significant at standard levels (z=-2.12, 

p=0.034). Surprisingly, they show less acceptance for high shares of proposers in case of computer 

generated offers. The patterns in conditions Power and Me are less clear, as the acceptance rates are similar 

in response to human and computer offers. In treatment Other responders are more likely to accept an offer 

from a computer rather than a human. We tested a random effects probit model of responder’s acceptance 

in treatment Other, similar to the model for Full Info treatment, only to obtain positive and significant 

coefficient on the offer type dummy of 0.239 (z=1.72, p=0.085). The obtained evidence suggests that 

subjects were more concerned with distributional considerations rather than intentions of proposers.  

 

2.4.3. Repeated Bargaining 

 In our experiment subjects played VUG repeatedly in the fixed group of three players in 

all rounds. We didn’t mention to subjects what was the actual number of rounds neither we displayed the 

round number as a game proceeded. However they were told that experiment will last around 50 minutes. 

We didn’t want subjects to be distracted by period counting.  Despite the fact that subjects in our 

experiment engaged in repeated interactions we have some reasons to believe that their actual behavior was 

similar to what one would observe in one shot games. First, our experiment involved repeated VUG under 

imperfect monitoring.  The names of responders used in the game (Voter 2 and Voter 3) varied randomly 

from round to round. Additionally all players observed only whether a given proposal was accepted or 

rejected. They didn’t observe how individual players actually voted.  Second, we want to refer to a 

discussion on 2-person ultimatum game. The heated debate on the 2-person ultimatum game erupted due to 

dramatic discrepancy between predictions of classical game theory (selfish preferences and sequential 

rationality) and how subjects actually play the one-shot version of a game. Possibly the oldest explanation 

of this behavior advanced by Aumann (1986), or Frank (1988) is that subjects behave in one-shot version 

of ultimatum game as if they played a repeated game.  Both suggest that subjects rarely encounter truly 

one-shot interactions as opposed to repeated interactions, and consequently they apply repeated game 

strategies even in one-shot situations (rule rationality). In closely related paper to this perspective 

Andreoni, Bernheim (2008) interpret frequent 50-50 offers in dictator games as signaling fairness. Such 

                                                           

3 We use random effects model to tackle the problem of repeated measures, or correlation of observations 

for a subject.  
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signals may be beneficial to the sender with concerns about subsequent interactions. Andreoni, Bernheim 

(2008) suggest that people want to be perceived as fair in light of possible (even if very unlikely) future 

interactions rather than having intrinsic preference for fairness. Similarly, Halevy, Peters (2008) consider 

ultimatum game as a signaling game in which there is some probability of future interactions. Andreoni, 

Bernheim (2008) and Halevy, Peters (2008) provide experimental support for their theories by testing 

comparative statics properties of their models.  

Our subjects played repeated game, but still the results seem to be close to those obtained in 

experiments on one-shot version of standard 3-person ultimatum game. Table 2.9 shows that in general 

behavior of both proposers and responders were similar across different studies. The only major difference 

we observe between our results and those of Güth van Damme (1998) is much higher relative acceptance in 

treatment Other in our study. This comparison, while informative in our view, should be treated with 

caution as one-shot version of the games being compared: the standard 3-person ultimatum game and our 

game with voting differ.  

Table 2.9: Comparison of Proposers’ Behavior across Studies 

Treatment / Study 
Shares of Players in % 

Acceptance 
x y z 

Treatment Full Info     

Our results 45.1 36.9 18.0 94.4 

Güth van Damme (1998) 48.3 38.0 13.6 96.3 

Güth, Schmidt, Sutter (2007) 42.5 33 24.5 n/a 

     

Treatment Me     

Our results 59.0 31.8 9.2 90.1 

Güth van Damme (1998) 57.2 37.2 5.6 88.9 

     

Treatment Other     

Our results 72.7 18.5 8.8 84.1 

Güth, van Damme (1998) 79.2 8.4 12.4 33.3 

 

2.5 Conclusions 

In recent years we witnessed lively debate on the role of fairness in economic decisions spurred by 

the attempts to explain behavior of subjects in 2-person ultimatum game. We contribute to this literature by 
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considering 3-person ultimatum game with voting. We find evidence that self interest is the most important 

factor in voting behavior of responders, and the payoffs of others are at best only secondary in these 

considerations. However, we present evidence that responders engage in social comparisons exhibiting 

envy when their payoff is lower than of someone else, and pride if they receive higher payoffs than others. 

These findings are in contrast to what theories of fairness like Fehr, Schmidt (1999) or Bolton, Ockenfels 

(2000) advocate, namely aversion to advantageous inequality as an important factor in social decisions.  In 

our experiment we find the evidence to the contrary, subjects preferring to have more than others. To our 

best knowledge the evidence for aversion to advantageous inequality comes from bargaining experiments 

that used strategy method to elicit data. We raise the issue whether responders truthfully reveal their 

strategy in experiments using strategy method in response to offers that put a proposer in disadvantage. 

Responders anticipating (correctly!) that such offers are extremely rare, may reject them on paper to signal 

their type without any real costs. In our view this interpretation is strengthened by the fact that proposers’ 

advantage is possibly the most robust finding in experimental literature on bargaining. One motivation for 

our study was the concern that the passive role of a dummy in the 3-person ultimatum game of  Güth, van 

Damme (1998) could have primed other players in the game, a proposer and a responder, to discriminate 

against him (for example due to demand effect, etc). We examined modified version of 3-person ultimatum 

game eliminating a dummy by having two responders together with a proposer vote on a given proposal.  

While this design eliminates the criticism that subjects could have been primed to discriminate against one 

type of player, we still observe that proposers rely heavily on minimum winning coalitions, with one 

responder receiving nothing.  In addition the use of minimum winning coalition splits is rising overtime and 

seems to be unopposed by responders. These findings apply to informational conditions where responders 

can observe what share they are getting, and they are in line with those of Güth, van Damme (1998) who 

find little concern for the payoff of a dummy in their game by both proposers and responders.  As 

responders, in our game, are able to observe only proposer’s payoff, first the proposer avoids looking 

greedy, and second responders increase voting against the split once he takes substantially more than 1/3 of 

the pie.  Finally, if responders can monitor only the payoff of the other responder, proposers often take all 

pie for themselves. At the same time responders don’t accept relatively more often splits with the other 

responder getting $10 as opposed as he is getting $0. We interpret these results as supporting the role of 

social comparisons, both envy and pride, in social decisions.  

The empirical attempts to understand social preferences are still controversial among economists, 

as they make strong assumptions about the nature of strategic interaction between players.  We believe that 

discussion on social preference may benefit from collecting also data on brain activity in reward centers 

that are being identified by neuroeconomists. We go in this direction in Chapter 3.  
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Appendix 2.A: Instructions 

In the beginning of the experiment subjects were given paper version of PowerPoint presentation.  

We asked subjects to read these instructions. In addition, the experimenter read aloud the instructions.  

Subjects were allowed to ask questions that were publicly repeated and answered by the experimenter.  

Before the start of the experiment subjects were asked computerized questions checking the understanding 

of the rules of a game. We report below the content of PowerPoint presentation used to instruct subjects. 

Slide titles are double-quoted followed by ordered bullets in separate sentences: 

 

Slide 1: “Instructions” Please read carefully. We will ask you questions at the end to check your 

understanding. 

Slide 2: “Instructions” You will play a game repeatedly. The game is among 3 people including you. You 

will play with the same two people in all rounds, but you will never know who they are 

Slide 3: “The Game” You will assume one of three roles:  Voter 1, Voter 2, or Voter 3. You will know your 

role at the beginning of each round. If you are voter 1 you remain voter 1 in all rounds. The identities of 

Voters 2 and 3 will change randomly each round between the other 2 persons. 

Slide 4: “Voting” In each round Voter 1 proposes a division of $30 among the three voters. Each voter will 

vote to accept or reject a proposal. If at least 2 voters accept, then the proposed split is carried out. 

Otherwise each one receives $0. 
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Slide4 5: “Split by Voter 1 or Computer” Sometimes Voter 1 and sometimes a computer proposes a split 

of $30. Everyone will know who makes a proposal. Voter 1 is asked to make a proposal so that shares of 

voters are multiples of $5 

Slide 6: “What do voter 2 and 3 know before voting?” There are 4 conditions: Condition 1: Each voter sees 

the share of each voter. Conditions 2-4: Each voter sees the share of only one voter… 

Slide 7: “What do voter 2 and 3 know before voting?” Condition 2: they know the share of voter 1. 

Condition 3: they know their own share. Condition 4: they know the share of the other voter. 

Slide 8: “After voting” After voting everyone learns: the whole proposal; whether the proposal was 

accepted (at least 2 votes for) or rejected; his/her payoff. 

Slide 9: “Payment” In the end a computer will draw one period for which we will pay each voter. 

                                                           

4 The slide 5 was presented only in two sessions where we allowed for computer offers. In sessions without 

computer offers the slide was obviously excluded from the deck presented to the subjects. 
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Chapter 3 

 


euroeconomics of 3-Person Ultimatum Game with Voting: 

The Case of Responders 

 

 

 

3.1 Introduction 

We provided in Chapter 1 neuroeconomic evidence for social comparisons incorporating envy and 

pride effects in simple non-strategic decisions in social environment. In turn, in Chapter 2 we studied 3-

person ultimatum game with voting (VUG) in the purely behavioral experiment finding that rejections of 

positive amounts of money by responders may be due to envy and pride of responders relative to other 

players in the game. In this chapter we report the results of an fMRI experiment in which we scanned 

responders playing VUG.  

The perspective differs from the interpretation of rejections of positive amounts of money 

observed in 2-person version of ultimatum game, most notably theories of Fehr, Schmidt (1999) and 

Bolton, Ockenfels (2000), which specifically emphasize the role of aversion to advantageous inequality 

(the opposite of pride). Recently echoing the fairness interpretation Sanfey et al (2003) studied neural basis 

of responder’s rejections in 2-person ultimatum game. They suggest negative emotions, as measured by 

activity in anterior bilateral insula, to be behind rejections of positive amounts of money. They provide 

interpretation that negative emotional response is evoked by unfairness of offers being rejected. However, 

all offers in the experiment of Sanfey (2003) were with proposer’s advantage of varying degree, so that 

their results necessarily apply to fairness understood only as, in the parlance of Fehr, Schmidt (1999), 

aversion to disadvantageous inequality (or simply envy). This is rather weak concept of fairness in contrast 

to the strong one that would include aversion to advantageous inequality as well. The study of 3-person 

ultimatum game with voting has an advantage of separating hypothesis of social comparisons versus 

alternative hypothesis of strong fairness. These hypotheses are, at best, difficult to distinguish within 2-

person ultimatum game in the credible way. We performed MRI experiment with one responder playing 

VUG inside MRI machine, and the other two players: a proposer and a second responder outside MRI. We 
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find evidence for the role of nucleus accumbens in evaluation of offers by responders in VUG, a region 

associated in neuroeconomic literature with measuring subjective value of rewards as well as with envy and 

pride effects in our study reported in Chapter 1. In this paper we address the issue how neural measure of 

monetary value as proxied by activity in nucleus accumbens is reconciled with negative emotional 

responses to low, but still positive offers. The previous work of Sanfey et (2003) suggested that anterior 

cingulate cortex is involved in detection of such decision conflict between anterior bilateral insula, which 

represents negative emotional response in accordance with other literature, and right dorso-lateral cortex 

which was connected with executive control elsewhere. Yet, the reward areas like nucleus accumbens or 

orbitofrontal cortex are missing from this account, so it seems to us as incomplete. We provide evidence, 

based on detailed analysis of temporal precedence of brain responses during offer evaluation, that decision 

conflict generated by offers with low but positive amount of money to a responder consists of two stages. 

In the early stage, just after offer is being displayed, the nucleus accumbens in general tracks monetary 

value of payoff attributed to a responder. In addition, if this offer is positive but low, activity in amygdala, 

associated with fear and negative emotion more generally, spikes even as compared to offers in which 

scanned responder receives nothing. We suggest that these conflicting signals coming from nucleus 

accumbens (positive but low reward measured) and from amygdala (negative emotional response) is the 

early neural signature of decision conflict of a responder facing a low but positive offer. This decision 

conflict is being detected in the later stage of offer evaluation by anterior cingulate cortex. In the face of the 

decision conflict negative emotions related to the offer are being reevaluated in bilateral anterior insula, 

another important region related to negative emotion. We find that activity in this region is correlated to 

rejection rates on low but positive offers. However, prediction of the rejection rates between subjects is 

improved once we consider activity in right nucleus accumbens in addition to bilateral anterior insula. At 

the same the impact on decisions of right anterior insula seems to be mediated by right dorso-lateral 

prefrontal cortex. This results seem to be in accordance with those of Knoch et al (2006, 2007) that show 

that suppression of right dorso-lateral preferential cortex leads to increased acceptance of of unfair offer in 

2-person ultimatum game. Finally, our findings suggest that negative emotional response is not related to 

unfairness per se. Surprisingly, bilateral anterior insula activation exhibits significantly lower activations in 

response to offers that give him nothing rather than positive but low amount of money. If bilateral anterior 

insula was reacting to perceived unfairness of offers we should expect the opposite. One possibility is that 

this region produces negative emotional response to offers with positive by low amount of money not 

because of their unfairness, but rather because of what signal about responder accepting such an offer other 

players may infer. Acceptance of such offers signals weak type if anything, the reputation that is unlikely to 

benefit anyone in bargaining situations. In this light we think that social comparisons or alternatively strong 

fairness may enter the neural calculus of rejections in VUG via nucleus accumbens. We leave studying 

these possibilities to the separate investigation.  
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The rest of paper is organized as follows. In section 3.2 we review neuroeconomic literature on 2-

person ultimatum game. Section 3.3 presents experimental design. The discussion of behavioral results 

follows in section in 3.4. The main results of paper on neural basis rejection in VUG are in section 3.5. 

Conclusions follow in section 3.6. 

 

3.2 Related Literature 

 The research on ultimatum game and it various versions was undertaken by scientists from many 

different fields, starting from economics, through anthropology, psychology and most recently also 

neuroeconomics. It is beyond our scope here to do a complete literature review, so we limit ourselves to the 

most relevant papers in neuroeconomics. Sanfey et al (2003) is the first paper in neuroeconomics that 

investigated responders in 2-person ultimatum game.  They focus on analyzing brain processes behind 

responders’ decisions on unfair offers (responder’s share of 30% or less) versus fair ones. First of all 

responders often reject offers of unfair offers of 30% or less, while accepting overwhelmingly fair ones. 

This is very robust finding, replicated in many experiments, see Camerer (2003) for review. The puzzle is 

why anyone would decline unfair but positive offer. Sanfey et al (2003) suggest that unfair offers induce 

negative emotions in responders leading to a conflict between emotions (suggesting rejection of unfair 

offers) and cognition (positive amount of money should be accepted). This account sounds intuitive and the 

evidence on brain processes by Sanfey et al  (2003) seems to provide some support for this interpretation. 

More precisely, three regions showed increased activation in the contrast of unfair vs. fair offers: anterior 

insula, anterior cingulate cortex (ACC), and dorso-lateral prefrontal cortex (DLPFC). The neuroscience 

literature associated anterior insula with disgust, ACC with conflict monitoring and DLPFC with executive 

control and goal maintenance.  Specifically, Sanfey et al (2003) suggested that ACC increased activation 

during evaluation of unfair versus fair offers may reflect detection of the conflict between sticking to self-

interest motive represented by increased activation in right DLPFC and emotional response represented by 

increased activity in anterior insula bilaterally. Sanfey et al (2003) provide evidence that activation in 

anterior insula in response to unfair offers is correlated with rejections rates at the subject level.  At the trial 

level the insula has larger activation during trials with unfair offers that result in rejections as compared to 

acceptance. Furthermore, the interpretation provided by Sanfey et al (2003) would suggest positive 

relationship between activity of right DLPFC (related to maintaining self-interest) and acceptance rates of 

unfair offers. However, the authors don’t find correlation of activity in the right DLPFC with responders’ 

behavior. This missing correlation sparked further studies that aimed to illuminate the role of right DLPFC 

in responses to unfair offers, they include van’t Wout et al (2005), Knoch et al (2006) and Knoch et al 

(2007).  The first two of these studies applied repetitive transcranial magnetic stimulation (rTMS) while the 

third one transcranial direct current stimulation (tDCS) to disrupt brain activity in the right DLPFC. The 
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idea here is to compare behavior of subjects between rTMS or tDCS conditions and control sham condition, 

when no stimulation is applied.   All three studies provide evidence that disruption of right DLPFC leads to 

increased acceptance rates of unfair offers, which demonstrates the causal role of right DLFPC in responses 

to unfair offers. In addition, Knoch et al ( 2006) showed that there is no similar effect in the case for left 

DLPFC as no significant differences were observed in acceptance rates or response times between sham 

condition and a condition with rTMS applied to left DLPFC.  Knoch et al (2006) examined also situation 

when offers were generated by computers and still proposers were to receive payments. The introduction of 

computer offers was intended to shed light to what extent behavior of subjects to reject unfair offers is 

driven by reciprocity or just by purely distributional considerations, and whether right DLPFC plays the 

role in their decisions. Favoring reciprocity explanation Knoch et al (2006) found that responders accepted 

unfair offers more often than similar offers from human proposers, which points  to reciprocity playing an 

important role in explaining subject behavior. At the same time the difference between sham condition and 

conditions with rTMS applied to either right or left DLPFC (but not both) were not significant. Emanuele et 

al (2008) point to the role of serotonergic system in behavior of responders in ultimatum game. Notably, 

low levels of serotonin were demonstrated to be correlated with impulsivity and aggression. Serotonergic 

system was also connected to irritability and expression of anger. Emanuele et al (2008) find that 

responders with lower levels of serotonin are more likely to reject unfair offers (responder’s share10%). In 

the other study Wallace et al (2007) provided evidence for heritability of responders’ behavior in ultimatum 

game.  Using the classic twin design they showed that correlation of acceptance thresholds is significantly 

higher in monozygotic versus dizygotic twins. They analyzed also a nested model of acceptance thresholds 

with three sub-models accounting for genetic factors as well as for common and differential environmental 

factors.  The genetic effects accounted for 42% of variation explained by the nested model. Burham (2007) 

studies the effect of testosterone levels in men for responses to low offers in ultimatum game. Higher levels 

of testosterone in humans and other primates were connected to aggression and dominance seeking.  

Accordingly, Burnham (2007) finds that men that reject versus those that accept unfair offers in ultimatum 

game have significantly higher testosterone levels.  Koenigs, Tranel (2007) performed lesion study on 

behavior of responders in ultimatum game using patients after damage of ventro-medial prefrontal cortex 

(VMPFC). This region commands substantial interest among neuroeconomists since patients with VMPFC 

lesions seem to score normally on IQ tests, but in contrast control poorly emotional response. VMPFC is 

often considered to be more caudal part of orbitofrontal cortex, which was implicated in coding reward 

value. Koenig, Tranel (2007) find that VMPFC patients reject unfair offers in ultimatum game more often 

than controls both normal subjects and patients with lesions in other prefrontal areas.  
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3.3 Experimental Design 

The study was approved by University of Minnesota Institutional Review Board. We enrolled 

subjects from principles and intermediate courses in economics at University of Minnesota. We organized 

22 experimental sessions in total, each session with 3 subjects participating. Subjects met briefly as they 

were arriving at the research facility, Center for Magnetic Resonance Research at University of Minnesota. 

No deception was used in this study. 

The experimental task involved playing repeatedly 3-person ultimatum game with voting, which is 

the modified version of game introduced by Güth, van Damme (1998). The game was common knowledge. 

There are 3 players in VUG: a proposer and two responders. One of responders was scanned with fMRI 

scanner while playing VUG. In the game first a proposer decides how to split $30 among three players. The 

shares of players were the multiples1 of $5. The responders receive messages about the proposed split, after 

which all players vote whether to accept or reject the split. The majority rule is used to determine the fate of 

the split. If at least 2 players (including a proposers) vote to accept then the proposed split is carried out, 

otherwise each player gets 0.  We denote by (x, y, z) the split decided by a proposer, with x being 

proposer’s share, while y and z are responders 1 and 2, respectively.   We varied information that 

responders received before voting about the splits of the pie between three players, see table 3.1. In 

treatment Full Info responders learned before casting their votes the shares of each player, or (x, y, z). In 

treatment Power they learned only the proposed share of the proposer x, so that they didn’t learn exactly 

their payoffs before voting. In treatment Me responders learned their own proposed payoffs, y in case of 

Responder 1 and z in case of Responder 2. In the remaining treatment Other each responder learned only 

what the other responder was to get according to a split by proposer. In addition to varying information that 

responders obtained before voting about the proposed split, we also allowed for possibility that sometimes 

a computer instead of a human proposer generates the offer. The computer offers used were the most 

frequent offers - excluding equal offers ($10, $10, $10) - in the purely behavioral study we did before 

starting MRI experiment. We provided proposers with information on the shares of all players before 

voting irrespective of informational treatment. This was done in order to ensure symmetry between rounds 

with offers from a human proposer (then he necessarily knows a proposed split) and rounds with computer 

offers. Effectively our experiment uses 4x2 factorial design with repeated measures. Subjects played VUG 

repeatedly in 72 rounds: 52 rounds with proposals made by a human proposer and 20 rounds with computer 

generated proposals. The information conditions were repeated cyclically: Full Info, Power, Me, Other,… 

The rounds with computer generated offers were dispersed, happening at most once per cycle, and balanced 

                                                           
1 In the separate purely behavioral experiment we allowed for the splits of $30 in the multiples of $1. 

However, 78.7% of proposals were made in the multiples of $5. For this reason we think that the restriction 

of offers to be multiples of $5 didn’t influence the experimental results reported here.  
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with respect to informational conditions.  We let subject playing VUG in the fixed groups of 3 subjects 

with proposers having a fixed role in the experiment, while the responders were assigned the names of 

responder 1 or 2 in the unpredictable pattern. The latter was done to obfuscate identity of responders from 

the perspective of a proposer. After voting took place each subject obtained information about the shares of 

each voter in a round, irrespectively of informational condition, and whether the proposal was accepted or 

rejected by majority. No explicit information was given on individual votes by subjects. This was done as 

we wanted to limit the degree to which the game is perceived by subjects as repeated.  The reader can find 

the exact instructions in the Appendix A.  

Table 3.1: Experimental Treatments. 

Treatment Message to Responder 1 Message to Responder 2 

Full Info (x, y, z) (x, y, z) 

Power (x) (x) 

Me (y) (z) 

Other (z) (y) 

 

Condition 

announced 

Waiting for 

proposal 
Evaluation Deciding 

Waiting for 

voting 

Round 

summary 

Mood 

question 
 

2000 ms ~10491 ms 3000 ms ~4289 ms ~6175 ms 5000 ms ~3238 ms time in ms 

 

 Timing of events is especially important in the analysis of brain data, so we will describe it from 

the perspective of responders scanned with MRI machine. Each round started with a 2s announcement 

whether offer is to be made by a human proposer, or generated by a computer. Subsequently, responders 

were presented with a waiting screen as a proposer was deciding his split of the pie. After this, a proposal 

was shown for 3 seconds, during which the subject could only evaluate the offer but not act on it. Once the 

evaluation period was finished the responder had unlimited time to decide whether to accept or reject. If the 

scanned responder was not the last to vote, the waiting screen followed until all subjects voted. Once this 

happened the scanned responder was presented with the round summary that included shares of all players, 

whether majority accepted or rejected the split, and the payoff a player. The summary screen lasted for 5s. 

Each round ended with a question that “How did that make you feel?” that the subject answered on 11 

integer scale with 0 described as “bad”, 5 – “neutral,” and 10 – “neutral.” The question on subjective mood 

finished each round.  We summarize round timing in figure 3.1 reporting also average duration of events 

Figure 3.1: Timing and Duration of Events within a Round. Average durations of events are reported 

over all 72 rounds specifically for scanned subjects. Mean round duration was around 34.2 s.  
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within a round. We refer the reader to Appendix B for details about fMRI data acquisition, data 

preprocessing, and modeling brain responses.  

 

3.4 Behavioral Results 

 We focus in this study on responders that were scanned using fMRI machine while playing VUG. 

Consequently, we analyze data from the point of view of a person inside MRI. Due to this it is convenient 

to adjust the notation denoting with mri a share of a responder inside MRI and letting z denote a share of 

responder outside MRI. As before x is a share of a proposer. Table 3.2 reports voting patterns of players in 

response to most frequently encountered offers in all conditions and with proposals made by humans (not a 

computer). Looking at behavior of MRI responders in condition Full Info they tend to vote to accept almost 

always offers that give them at least $10 if the proposers are claiming no more than $15. In contrast, 

looking at offers (x, mri, z) = (15, 5, 10) we notice that MRI responders reject them overwhelmingly, 

accepting only 8.8% of times.  In addition, MRI responders accepted the offer (20, 10, 0) only 70% of 

times.  As expected responders almost always voted to reject offers that gave them $0. In the condition 

Power the individual acceptance rate by MRI responders is 86% for proposers’ demands of $10. If 

proposers demand more than $10, the acceptance rate drops below 50%. This pattern at treatment Power 

suggests that responders tried to contain escalating demand of proposers.  In turn in condition Me MRI 

responders vote to accept at least 90% of the times if they are offered $10 or more. Interestingly the 

acceptance rate of $5 offer is 33.9%, which is more than 8.8%, or acceptance rate of offers (x, mri, z)  =  

(15, 5, 10) in treatment Full Info. In treatment Me responders observed only their own payoff, and 

consequently their decisions were motivated by inter-personal considerations to a lower degree than in 

other treatments. Finally in treatment Other, MRI responders seem to vote similarly to three most frequent 

offers of $0, or $5, or $10 to the other responder. In all cases the individual acceptance rates were slightly 

above 50% for MRI responders, without significant differences. This suggests that MRI responders weren’t 

concerned with well-being of other responders, and instead they rather randomized votes in treatment Other 

to reflect the mixed strategy of a proposer (sometimes taking the whole pie and sometimes leaving some 

positive shares to responders). If the former were true we would expect larger acceptance rates for payoff 

of $10 than in case of $0 to the other responder. Overall, the above data suggest that MRI responders 

primarily maximized their own payoff while engaging in social comparisons with envy and pride. The 

fairness explanation with aversion to advantageous inequality seems to be inconsistent with patterns 

observed in treatment Other. In addition, comparing voting patterns of MRI and outside MRI responders, 

we observe that the former were more aggressive in rejecting comparable offers.   

 



Chapter 3          euroeconomics of 3-Person Ultimatum Game with Voting          68 

Table 3.2:  Responders' Behavior to Most Frequent Offers. 

Treatment 
Shares of Players ($) 

Obs. 
Voting to Accept (%) 

RT (ms) Mood 
x MRI other MRI other majority 

          

Full Info 20 0 10 25 0 88 88 3391.3 1.8 

 15 0 15 34 2.9 91.2 91.2 3228.1 2.1 

 15 5 10 34 8.8 100 100 3784.1 3.1 

 20 10 0 20 70 15 80 5324.7 5.6 

 15 10 5 29 96.6 55.2 100 4357.9 5.4 

 10 10 10 102 98.0 100 100 3572.3 6.4 

 15 15 0 20 95 0 95 2751.2 7.3 

          

Power 10 9.6 10.4 93 86.0 90.3 97.8 4049.5 6.0 

 15 7.9 7.1 121 38.0 68.6 82.6 4869.2 4.7 

 20 4.4 5.6 44 45.5 40.9 77.3 5081.8 4.1 

          

Me 21.3 0 8.7 61 0 82.0 82.0 3196.0 1.8 

 20.4 5 4.6 56 33.9 44.6 67.9 3246.9 4.4 

 18.2 10 1.8 148 91.2 18.2 91.9 3084.9 6.2 

 14.8 15 0.3 20 95 5 95 2630.9 7.7 

          

Other 27.4 2.6 0 122 54.1 65.6 82.8 3940.5 2.7 

 21.1 3.9 5 91 58.2 84.6 92.3 7263.8 2.9 

 17.5 2.5 10 64 57.8 79.7 92.2 3916.8 2.5 


ote: We included above offers with at least 20 observations in a given treatment. The reported offers 

account for 94.8% of all offers encountered by MRI responder. 

 

We also analyzed voting behavior of MRI responders running random effects probit regressions, 

see Table 3.3. In all models we consider the dependent variable that is equal to 1 if MRI responder accepts 

and to 0 if he rejects. The regressors include observable shares of players in treatments under study. In 

particular for treatment Full Info (columns FI in table 3.3) we examined three different probit models. One 

included only the payoff of MRI responder as a regressor and in the other two we added the share of one 

other player as a regressor.  The coefficient on share of MRI responder, or MRI’s share * I[FI] is highly 

significant (p<0.001) and positive in all three cases. The additional effect of shares of other players, either a 
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proposer or other responder, is relatively smaller, but significant (p<0.05). However, we have to be careful 

in the interpretation of coefficients on other players’ shares: Proposer’s share* I[FI]  and Other’s share * 

I[FI]. The reason is collinearity problem that arises due to the fact shares of players always summed up to 

$30.  In this light, the rather robust conclusion is that the acceptance probability by MRI responder is 

negatively influenced by proposer’s demand as the coefficients on MRI’s share * I[FI]  are similar in probit  

Table 3.3:  Random Effects Probit Models of Responders’ Acceptance 

Variable 
Responder’s Vote to Accept (1 - Accept, 0 – Reject) across Treatments (T) 

FI FI FI FI&Power FI&Me FI&Other 

MRI’s share * I[T] 0.489*** 0.512*** 0.721***  0.547***  

 (0.071) (-0.101) -0.151  (0.054)  

Proposer’s share* I[T]  -0.210**  -0.203***   

  (-0.071)  (0.021)   

Other’s share * I[T]   0.210**   -0.045*** 

   -0.071   (0.012) 

Proposer’s share * I[Power]    -0.004   

    (0.008)   

MRI’s  share * I[Me]     -0.003  

     (0.022)  

Other’s share * I[Other]      -0.024 

      (0.016) 

Constant -3.211*** -0.119 -6.414*** 3.256*** -3.62*** 0.550*** 

 (0.564) -1.04 -1.51 (0.346) (0.467) (0.145) 

Obs. 286 286 286 572 572 572 

No subject 22 22 22 22 22 22 

Log-likelihood -61.92 -53.55 -53.55 -287.2 -130.3 -361.8 


ote: Standard errors are reported in parenthesis. P values convention: *** p<0.001, ** p<0.05, * p<0.1. 

models that include Proposer’s share* I[FI]  as regressors or not. This conclusion is strengthened once we 

consider a probit model for treatments Full Info and Power together with two regressors Proposer’s share* 

I[FI&Power]  and Proposer’s share * I[Power]. We obtain the result that the impact of proposers share in on MRI 

responder’s acceptance does not differ between treatments Full Info and Power, notice that coefficient on 

Proposer’s share* I[FI&Power] is similar to the one obtained in treatment Full Info, or  Proposer’s share* I[FI].  

Further, the coefficient on Proposer’s share * I[Power], which is to measure the additional impact on MRI 
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responder’s decision to accept in treatment Power, where only proposer’s payoff is observable in contrast 

to treatment Full Info, is not significant. We can conclude that proposer’s share impacts negatively 

acceptance probability of MRI responders. In contrast, the impact of other responder’s share is less clear at 

first. Note that in the probit model for Full Info treatment, inclusion of Other’s share * I[FI] as a regressor 

causes significant increase in coefficient on MRI’s share * I[FI] as compared to other probit models. The 

significance of coefficient on Other’s share * I[FI] may be the result of colinearity problem. This 

interpretation is more likely given that analyzing treatment Other the impact of  Other’s share * I[FI&Other] 

on MRI responder’s acceptance probability doesn’t differ between treatments Full Info and Other. In other 

words a coefficient on Other’s share * I[Other] is close to zero and not significant. At the same time 

coefficient on Other’s share * I[FI&Other] is negative and significant. This suggests that the negative impact 

of other responder’s share on acceptance probability of MRI responders. Summarizing, the analysis 

suggests that MRI responder is primarily selfish and affected negatively by payoffs of other players. 

Moreover, MRI responders are affected negatively more by proposer’s than by responder’s payoff. 

 

3.5 
eural Results 

The analysis of neural data collected in the experiment involves some challenges that are 

consequences of constraints one encounters in MRI experiments as opposed to purely behavioral 

experiments. Due to the cost of such undertakings our MRI experiment involves small sample, this is not 

different from others. However we differ from others, including from Sanfey et al (2003) that is the most 

lcolesely related paper, in that we didn’t use deception in order to alleviate some practical constraints 

related to MRI experiments. On the one hand provides more credibility to our results, and on the other has a 

negative side effect that we had no control over offers made by human proposers in our study. As the result 

our study is unbalanced with respect to offers: different responders faced different sets of offers.  After 

conducting extensive exploratory analysis of the data we decided to focus in this paper on the question 

what are neural underpinnings of rejections of positive amounts of money in our 3-person ultimatum game 

with voting in Full Info treatment.  This alone turned out to be sufficiently daunting and interesting task to 

deserve a separate paper that follows below.  Other interesting issues related to the MRI experiment under 

consideration, for example analysis of neural data between conditions or of social comparisons, are 

primarily left for separate investigation. 
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3.5.1 Contrast Analysis 

We start analysis with comparison of neural responses to splits (x, mri, z) = (*, 0, *) and (*, 5, *) 

made by human proposers in treatment Full Information.  The former offer type corresponds mainly (see 

table 3.2 above) to offers like (20, 0, 10) or (15, 0, 15), and the latter type offer like (15, 5, 10) and to lower 

extent (20, 5, 5). There were 11 scanned responders in our sample, who faced both types of offers. We 

know from the table 3.2 that scanned responders were essentially rejecting both. However, it seems 

reasonable to think that the neural mechanisms behind rejections to these two types of offers are different. 

From the perspective of a responder voting to reject the offer of $0 to himself seems natural, by contrast 

rejection of the offer of $5 seems less so, why giving up money? To get insight into the neural processes 

behind responses to these two types of offers we focused on the evaluation period. We used the study 

design in which specifically we modeled each offer with separate dummy (stick) predictors twice, in the 

beginning and the end of the evaluation period. For example, for a given offer we had one dummy predictor 

in the initial 500ms of evaluation period and the second one in the last 500ms. The inter-time2 of 2000ms 

was modeled as offer-invariant dummy and all other events were modeled with separate dummy predictors. 

We chose such modeling approach motivated by Sanfey et al (2003), who suggested that unfair but positive 

offers generate in responders a cognitive conflict between two opposing processes: cognitive and emotional 

ones. This account implicates anterior cingulate cortex (ACC) in detecting the conflict between right dorso-

lateral prefrontal cortex (right DLPFC) – cognitive process, and anterior insula – emotional process. 

Specifically, Sanfey et al (2003) suggested that right DLPFC is related to goal maintenance of maximizing 

monetary gain, while increased activity in bilateral anterior insula reflects an emotional reaction to 

unfairness. However, given this interpretation it remains unclear why DLPFC, which is associated with 

executive control rather than reward processing, is implicated at the first place.  More precisely, one could 

expect that decision conflict comes from mismatch between reward valuation and emotional response to 

unfair offers, and then ACC detects it, and further regions are employed to resolve it, including right 

DLPFC.  Our statistical model design, described above, was specially devised to explore the hypothesis of 

such valuation vs. emotion conflict, and its subsequent resolution. It is reasonable to expect that some basic 

valuation and emotional processes are automatic and instantaneous once stimulus is encountered. Similarly, 

once this happens checking whether valuation and emotion are in conflict should also be rather automatic, 

together with some initial steps that aim at resolving a conflict, if such conflict is present at all. In contrast, 

it is equally reasonable to expect that there are other brain processes related to decision-making that are 

                                                           
2 Note that choosing the inter-time of 2000ms between predictors can be partially justified that repetition 

time (TR), period within which whole-brain data were collected anew, was also 2000ms. In principle one 

could consider slightly different inter-time values as compared to the one equal exactly to TR. However, 

there is no obvious way to optimize the inter-time view from the point of view of statistical analysis. 
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employed at discretion of decision-maker. We are not able to analyze such discretionary processes given 

current technology and methods of analysis. However, we should be able to say more about processes that 

are automatic as they ensue in short period of time once the stimulus, or as in our case offers to responders, 

are presented 

Our results are illuminating. Looking at the contrast of offer (*, 5, *) versus (*, 0, *) as modeled 

by dummy predictors in the initial evaluation phase we get increased activations in nucleus accumbens 

(NAcc) and amygdala, see table 3.4 as wells as panels A and B in figure 3.2. On the one hand, NAcc 

activity was shown in many studies to correlate positively with reward value of stimuli, inclluding our 

study reported in Chapter 1 where activity in NAcc tracked experienced reward. On the other hand 

increased activity of amygdala was associated with expression of anger and fear. In the light of what we 

know of function of NAcc and amygdala our data provide evidence that offers like (*, 5, *) in treatment 

Full Info lead to conflict between nucleus accumbens (NAcc) that records positive value of monetary gain  

Table 3.4: Brain Areas Showing increased Activity in the Contrast of  Unfair Offer  vs. Null 

Offers in Full Information Treatment 

Evaluation 

Phase 
ROI Side Tal X Tal Y Tal Z Voxels Max t 

        

Initial NAcc right 12 5 -8 69 4.9 

 Amygdala right 30 -5 -16 75 4.8 

 Amygdala left -18 -5 -16 708 6.9 

        

Late Insula right 33 14 10 112 5.9 

 Insula left -31 19 7 33 4.5 

 DLPFC right 42 45 19 86 6.6 

 OFC n/a 0 50 -7 25 4.2 

 ACC n/a 5 22 35 182 4.9 


ote: Statistical threshold: p<0.005 uncorrected, cluster size > 5 voxels. Labels based on initial 

Talaraich coordinates (reported) assigned to areas of interest.   
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Initial Evaluation Phase at Treatment Full Info 

Panel A: Right Nucleus Accumbens  Panel B: Bilateral Amygdala 

 

Late Evaluation Phase at Treatment Full Info 

Panel C: Anterior Cingulate Cortex Panel D: Left Anterior Insula 

 

 

Figure 3.2: Regions with Increased Activity to Low Positive Offers. All panels refer to contrasts 
with the responder in MRI receving $5 versus $0 at treatment Full Info with proposals made by a 
human. Upper panels A and B show increased activity at early evaluation stage in right nucleus 
accumbens and bilateral amygdale, respectively. In turn, lower panels C and D show increased 
activity at late evaluation phase in anterior cingulate cortex and left anterior insula, respectively. 
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and amygdala that conveys negative emotional response to the very same offer. This conflict has to be 

resolved one way or another before the actual decision is taken, but this may require that the brain employs 

additional regions in analyzing the stimuli. To identify brain regions that may be involved in conflict 

resolution we investigated the contrast of offer (*, 5, *) versus (*, 0, *) as modeled by dummy predictors in 

the late phase of evaluation period, see table 3.4 as wells as panels C and D in figure 3.2. We observed 

increased activity in ACC and right DLPFC, regions that were associated in the literature by Sanfey et al 

(2003) and Pochon et al (2008) with conflict monitoring, and executive control (or goal maintenance), 

respectively. We found also in the same contrast with late predictors increased activation in anterior insula 

bilaterally, and medial OFC.  The increased activity in the former region is usually associated with disgust 

or pain. Reconciling all these findings together we suggest that increased activity in ACC detects the 

conflict between positive relative valuation as captured by nucleus accumbens and negative emotion 

reflected by amygdala in response to the offer (*, 5, *)  - as benchmarked to the offer (*, 0, *).  

In the light of the detected conflict yet another region associated with negative emotion is being 

used before decision is taken: bilateral anterior insula. As insula activates usually to negative stimuli it 

looks as the offer at the center of conflict is reevaluated only from negative side. Further, we suggest that 

right DLPFC is involved in integrating different conflicting signals, both from NAcc and amygdala in the 

initial stage of offer evaluation, and from anterior insula in the later stage. This last suggestion is based on 

the results of Knoch et al (2006, 2007).  They used brain stimulation techniques to suppress brain activity 

in right DLPFC and as the result observed increased acceptance rates of unfair offers in 2-person ultimatum 

game as compared to sham treatment. However, in the earlier study of Sanfey et al (2003) the activity in 

right DLPFC showed increased activity during evaluation of unfair as compared to fair offers, but crucially 

ir didn’t correlate with rejections of unfair offers in 2-person ultimatum game. One possible reason for 

these allegedly incompatible findings could be that the right DLPFC integrates different conflicting signals 

from nucleus accumbens, amygdala and insula that are related to offer evaluation. We explore this 

possibility below.  

 

3.5.2 Region of Interest Analysis 

We performed region of interest (ROI) analysis in the areas implicated in decision processes 

behind MRI responders’ responses to offer (x, mri, z) = (*, 5, *). The main motivation for performing ROI 

analysis is that it allows to account for subject heterogeneity and to test our results obtained above at 

between-subject level.  Specifically, we used model design that included predictors for each distinct offer 
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type that was made at least 20 times by all proposers3.  As before, we created for each offer two predictors 

one corresponding to the initial and one to the late evaluation phase.  Figure 3.3 shows activity in nucleus 

accumbens with offers lexicographically ordered: first increasing MRI responder’s share, second increasing 

other responder’s share. In general we observe the trend for activity in nucleus accumbens to increase with 

MRI responders’ payoff. We examined a robust4  linear regression with lexicographic rank of offer as 

independent variable and percentage BOLD change in right nucleus accumbens (NAcc) only to obtain a 

positive coefficient on rank: 0.873 (z 1.82, p 0.072). The similar ROI analysis for right amygdala shows a 

different pattern, see figure 3.4.  Notably, the activity at this region achieves local peak at offer (x, mri, z) = 

(15, 5, 10).  At the same time right amygdala exhibits relatively lower activity in response to offers that 

give MRI responders $0 (z 2.154, p 0.031, Mann-Whitney rank sum test, two-sided) or $10 with proposer’s 

advantage at the same time (z 1.663, p 0.0963, Mann-Whitney rank sum test, two-sided). Taken together 

the ROI analysis provides further evidence that the offer (x, mri, z) = (15, 5, 10) leads to conflicting 

signals: from nucleus accumbens (measuring positive reward value) and amygdala (exhibiting negative 

emotional response).  

To check whether anterior cingulate cortex is involved in detecting the aforementioned conflict we 

performed regression whether percentage BOLD change to the offer (x, mri, z) = (15, 5, 10) in right 

nucleus accumbens and right amygdala can predict percentage BOLD change in anterior cingulated cortex, 

see Table 3.5. Taken alone activity in right amygdala fails to predict activity in anterior cingulated cortex, 

model 1 in Table 3.5. However, once we add activity in right nucleus accumbens or interaction term as 

independent variables, activity in amygdala predicts positively activity in anterior cingulated cortex, see 

models 2-4 in Table 3.5. At the same time activity in right nucleus accumbens or interaction term correlates  

negatively with activity in anterior cingulate cortex. Note, the positive coefficient on percentage BOLD 

change in right nucleus accumbens in model 3, that includes all independent variables considered,  is not 

significant (p>0.1). We dropped this predictor in model 4 of anterior cingulated cortex activity only to 

obtain positive coefficient on activity in right amygdala and negative coefficient on interaction term, both 

being highly significant  (p<0.001). Notably, R-squared for model 4 stands at 0.87, which suggests that it 

has substantial explanatory power.  

 

 

 

                                                           
3 The offers used are reported in table 3.2. They account for 94.8% of all offers made by human proposers. 

The unusual offers were modeled with separate predictors and were of no interest. Distinct computer offers 

were modeled with separate predictors.  

4 Using robust regression is justified by outlier problem. It is conservative approach here since standard 

linear regression gives also a positive coefficient on rank 1.731, and even more significant (z 2.65, p 0.01). 
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Figure 3.3: Percentage BOLD Change in Right Nucleus Accumbens. It 
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Figure 3.4: Percentage BOLD Change in Right Amygdala. It applies to

initial evaluation phase in treatment Full Info for different offers of human 

proposers.  For each offer whisker plot indicates mean ± standard error. 
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Table 3.5: Anterior Cingulate Cortex Detecting Conflict between Reward Value and Emotional 
Response to Low Positive Offer: Between-Subject Analysis 

Variables 
Anterior Cingulate Cortex %BOLD∆ 

Model 1 Model 2 Model 3 Model 4 

     

right Amygdala %BOLD∆ 15.380 14.530* 47.667** 33.120*** 

 
(10.786) (7.174) (9.089) (5.527) 

right Nucleus Accumbens  %BOLD∆ 
 

-32.964** 31.546 
 

  
(9.890) (16.817) 

 

Interaction term  = (Amygdala*NAcc) 
  

-57.842** -32.602*** 

   
(14.244) (5.450) 

Constant -7.977 14.615 -24.003* -4.824 

 
(10.288) (9.629) (10.922) (4.480) 

Observations 10 10 10 10 

Log-likelihood -39.96 -35.21 -28.60 -30.91 

R-squared 0.203 0.692 0.918 0.870 

Note: *** p<0.001, ** p<0.05, * p<0.1 Standard errors in parentheses. To ensure comparability of 

percentage BOLD changes between subjects we performed subject by subject normalization to [0,1] 

interval based on maximum and minimum percentage BOLD changes observed to 6 most frequent 

offers (see table 3.2)  in treatment Full Info. The results obtained are robust to normalization if one 

outlier is dropped from non-normalized data. 

The ROI analysis above, taking into account subject heterogeneity, strengthened the case for the 

interpretation that low positive offers like (x, mri, z) = (15, 5, 10) evoke in MRI responders the conflict 

between positive reward value and negative emotional response, and that it is being detected by anterior 

cingulate cortex. Now we want to investigate in similar manner, taking into account subject heterogeneity, 

how this conflict is being resolved. The key brain areas possibly involved, as discussed above, are bilateral 

insula and right DLPFC. Figure 3.5 shows that percentage BOLD change in right5 insula increases in 

response to offer (x, mri, z) = (15, 5, 10) as compared to offers in which MRI responders receive $0 (Mann-

Whitney rank sum test, z 1.701, p 0.089), as well as compared to offer (x, mri, z) = (15, 10, 5) (Mann-

Whitney rank sum test, z 1.861, p 0.0628). The former finding is startling: the offer of $0 to MRI responder 

doesn’t elicit negative emotional response as measured by activity in insula in contrast to the offer of $5.  

In our view this finding calls for reinterpretation of rejections of low positive offers in bargaining 

experiments in general. Put simply, responders are concerned with their image and they don’t 

                                                           
5 The similar results apply to the left insula. 
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Figure 3.6: Activity in Reward and Emotion Areas Predicts Rejections. 

%BOLD change is shown in right nucleus accumbens versus right and 

separately left insula to offer (x, mri, z) = (15, 5, 10) between subjects. Each 

subject corresponds to a distinct value of percentage BOLD change in right 

nucleus accumbens. Two subjects with both high activity in nucleus 

accumbens and low in bilateral insula always accept such offers. In contrast, 

other subjects reject such offers.   

Figure 3.5: Percentage BOLD Change in Right Anterior Insula. It applies to

early evaluation phase in treatment Full Info for different offers of human 

proposers.  For each offer whisker plot indicates mean ± standard error. 
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want to be perceived as weak types. At the same time offers in which MRI responder has advantage over 

the other responder also are associated with increase in percentage BOLD change in right insula. However, 

standard errors also increase, and in addition these apparent negative emotional reactions are not correlated 

with increased rejections of the corresponding offers. We view this pattern to reflect the initial uncertainty 

of MRI responder as to whether they or the other responder received higher payoff once the offer was being 

displayed6. This interpretation seems more plausible than the alternative explanation that MRI responders 

were reacting emotionally to the fate of the other responder receiving lower payoff. If it weren’t the case, 

why no negative emotions ensued in MRI responders when they were treated unfairly. Yet, another 

possibility is that the negative emotional reaction of MRI responders to offers with the other responder 

receiving the lowest payoff is due to the guilt of being an accomplice in proposer’s scheme to dominate.  

 We suggest, in accordance with the presented evidence, that the offer (x, mri, z) = (15, 10, 5) 

evoking conflict between positive reward value and negative emotions is reevaluated only from the 

viewpoint of negative emotional significance (bilateral insula) at the late evaluation phase. In this light we 

would expect \behavior of subjects in terms of either accepting or rejecting the offer to be related to 

subjective value measures taken in the initial evaluation phase in right nucleus accumbens and reevaluated 

negative emotion as reflected by activity in bilateral anterior insula. Figure 3.6 shows scatter plot by subject 

of percentage BOLD change in right nucleus accumbens versus those in right and left insula (treated 

separately).  Note that each subject corresponds to distinct activity of right nucleus accumbens and labels 

specify acceptance rates of the corresponding subjects to the offer (x, mri, z) = (15, 10, 5). Only the 

subjects with high activity in nucleus accumbens (high reward value) and low activity in bilateral insula 

(low negative emotion) accept such offers. Other subjects in contrast always reject. Knoch et al (2006, 

2007) showed that right DLPFC seems critical to rejections of positive but unfair offers in 2-person 

ultimatum game, and if its activity is suppressed the acceptance rates increase significantly. In line with this 

finding we find that right anterior insula (in contrast to right nucleus accumbens) predicts activity in right 

DLPFC, see Table 3.6.  At the same time we don’t find correlation of DLPFC activity with rejection rate. 

This may be due to the fact that right DLPFC, traditionally connected in the literature to executive control, 

may be incorporating neural signals into decision that are in general unrelated to pure subjective value of 

stimuli (as measured by nucleus accumbens). For example in the current context negative emotional 

response is suggested to be such a signal, but there is little a priori reason to believe that it alone exhausts 

the list of  signals that right DLPFC may incorporate into decision.7  

                                                           
6 We randomized the position of the share going to MRI responder from trial to trial. We wanted to remind 

subjects that the identity of responders (Voter 2 or Voter 3) was changing from to trial to trial.  

7 For the sake of example consider that a subject, taking part in the experiment, decided to accept every 

offer no matter what because he didn’t believe that offers were being made by real subjects. 
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Table 3.6: Right Dorso-lateral Prefrontal Cortex  Mediating Rejections of Offers 
due to High Negative Emotion as measured by Right Insula 

Variables 
Right DLPFC %BOLD∆ 

Model 1 Model 2 

   

right Insula %BOLD∆ 1.172** 1.128** 

 
(0.358) (0.411) 

right Nucleus Accumbens  %BOLD∆ 
 

-0.080 

  
(0.280) 

Constant -0.154 -0.066 

 
(0.294) (0.440) 

Observations 10 10 

Log-likelihood 1.147 1.204 

R-squared 0.573 0.578 


ote: *** p<0.001, ** p<0.05, * p<0.1 Standard errors in parentheses. To ensure 

comparability of percentage BOLD changes between subjects we performed 

subject by subject normalization to [0,1] interval based on maximum and 

minimum percentage BOLD changes observed to 6 most frequent offers (see table 

3.2)  in treatment Full Info. The results obtained are robust to normalization. 

 

 

3.5. Conclusions  

The popular view explaining paradoxical behavior of experimental subjects in 2-person ultimatum 

game - rejecting positive amounts of money – implicates preference for fairness at the center stage. This 

view was generalized by theories of fairness of Fehr, Schmidt (1999), or Bolton, Ockenfels (2000) and 

points both to aversion to disadvantageous and advantageous inequality (strong fairness hypothesis). Our 

results discussed in chapters 1 and 2 are consistent with the former (envy to avoid multiple negations) on 

the one hand and on the other hand inconsistent with the latter. In the first two chapters we find evidence 

for pride rather than the opposite of pride - aversion to advantageous inequality. In chapter 1 we found 

neuroeconomic evidence for both envy and pride exhibited by experimental subject while evaluating 

outcomes of simple decisions in social environment. Most importantly, the neural subjective value of 

outcomes, as measured by activity in nucleus accumbens, was sensitive to social context, exhibiting both 

envy and pride. This effect was stronger if a subject had relatively active as opposed to passive role in 

generating the difference in outcomes between people. In chapter 2 we studied 3-person ultimatum game 
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with voting in purely behavioral experiment showing that both proposer and responders at best exhibit little 

concern for the player receiving the lowest payoff at the moment. Finally, in this chapter we discussed the 

results of fMRI experiment of responders playing 3-person ultimatum game while being scanned with MRI 

machine. We focused on neural mechanisms associated with rejections of positive amounts of money in 3-

person ultimatum game.  Crucially, previous research in neuro-economics implicated negative emotion to 

such rejections, i.e. activity in bilateral insula correlated with rejections in Sanfey et al (2003). The 

interpretation of this result was that negative emotion arises in responders to the perceived unfairness of 

offers in which a proposer demands substantial advantage in the ultimatum game. Our results point to 

fundamental reassessment of this view. Notably, the negative emotional response as measured by activity 

in anterior insula bilaterally and bilateral amygdala is larger to offers in which an MRI responder is offered 

$5 rather than $0. Consequently, negative emotion expressed by responders in response to offers with 

propoposer’s advantage can NOT alone be interpreted as being driven by unfairness of such offers.  After 

all offers like (x, mri, z) = (20, 0, 10) or (15, 0, 15) should be considered as more unfair from the viewpoint 

of MRI responder than the offer (15, 5, 10) according to any reasonable theory of fairness.  Rather we 

suggest that the main factor behind negative emotional responses of MRI responders is related to what 

signal acceptance or rejection of low but positive offer may send to others. Accepting the offer with 

minimal positive amount of money like $5 in the offer (15, 5, 10) signals, if anything, the weak type of the 

responder. Furthermore, in chapter 1 we implicated right nucleus accumbens, the area shown in the 

literature to track the subjective reward value of stimuli, to be involved in social comparisons exhibiting 

envy and pride effects. We have shown in this chapter that nucleus accumbens seems to track subjective 

value of offers8 in 3-person ultimatum game with voting. This leaves open the possibility that social 

comparisons exert the imprint on responders’ decisions via the route of nucleus accumbens.  We leave the 

investigation of social comparisons versus strong fairness hypotheses in the context of ultimatum 

bargaining for the separate treatment. In this context it is worth considering whether one should incorporate 

randomized pie size into experimental design in order to be able to indentify inter-personal preferences 

with weaker assumptions.  

This paper sheds also more light on the neural basis of decision conflict leading to rejections of 

positive but low amount of money.  Building on the contributions of Sanfey et al (2003) and Knoch et al 

(2006, 2007) we separated the decision conflict into two phases during offer evaluation: the early and late 

phase. During the former phase the offer is being evaluated by nucleus accumbens (measuring reward 

value) and amygdala (measuring negative emotional response). If conflict arises between these two regions 

involved in offer evaluation, anterior cingulate cortex detects it subsequently in the late stage. Further, it 

                                                           
8 More precisely, offers ordered lexicographically from the view point of MRI responder with his payoff 

first and the payoff of the second responder second.  
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seems as offers leading to decision conflict are re-evaluated by bilateral anterior insula for its negative 

emotional significance in the late stage. Finally, the right dorso-lateral prefrontal cortex possibly mediates 

into decisions the negative emotion as captured by right anterior insula among other factors. 
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Appendix 3.A: Instructions 

In the beginning of the experiment subjects were placed in separate rooms and given a paper 

version of PowerPoint presentation containing instructions.  We asked subjects to read these instructions 

privately. Subjects were allowed to ask questions that were answered by the experimenter.  We report 

below the content of PowerPoint presentation used to instruct subjects. Slide titles are double-quoted 

followed by ordered bullets in separate sentences.  

Slide 1: “Instructions” Please read carefully.  

Slide 2: “Instructions” You will play a game repeatedly. The game is among 3 people including you. You 

will play with the same two people in all rounds, but you will never know who they are 

Slide 3: “The Game” You will assume one of three roles:  Voter 1, Voter 2, or Voter 3. You will know your 

role at the beginning of each round. If you are voter 1 you remain voter 1 in all rounds. The identities of 

Voters 2 and 3 will change randomly each round between the other 2 persons. 

Slide 4: “Voting” In each round Voter 1 proposes a division of $30 among the three voters. Each voter will 

vote to accept or reject a proposal. If at least 2 voters accept, then the proposed split is carried out. 

Otherwise each one receives $0. 

Slide 5: “Split by Voter 1 or Computer” Sometimes Voter 1 and sometimes a computer proposes a split of 

$30. Everyone will know who makes a proposal. Voter 1 is asked to make a proposal so that shares of 

voters are multiples of $5 

Slide 6: “What do voter 2 and 3 know before voting?” There are 4 conditions: Condition 1: Each voter sees 

the share of each voter. Conditions 2-4: Each voter sees the share of only one voter… 

Slide 7: “What do voter 2 and 3 know before voting?” Condition 2: they know the share of voter 1. 

Condition 3: they know their own share. Condition 4: they know the share of the other voter. 

Slide 8: “After voting” After voting everyone learns: the whole proposal; whether the proposal was 

accepted (at least 2 votes for) or rejected; his/her payoff. 
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Slide 9: “Payment” In the end a computer will draw one period for which we will pay each voter. 

 

Appendix 3.B: Materials and Methods 

Data Acquisition 

We scanned 22 healthy male subjects. Brain data were acquired using Siemens 3T TIM Trio 

scanner at the Center for Magnetic Resonance Research at the University of Minnesota. In each scanning 

session we collected first anatomical and then functional data.  The anatomical data were obtained using 

T1-weighted fast 3D gradient echo pulse sequence with the parameters: voxel size 1×1×1 mm, 176 slices 

per slab, slice thickness 1 mm, data matrix 224×256, repetition time (TR) 2600ms, echo time (TE) 3.02ms.  

The functional data were collected with echo planar T2*-weighted sequence with voxel size 3×3×3, slice 

thickness of 2 mm  with  inter-slice gap of 1 mm, 36 slices per image, data matix 64×64, TR 2000 ms, TE 

25 ms. 

Preprocessing 

fMRI data were preprocessed and analyzed using BrainVoyager QX version 1.96  (Brain 

Innovation B.V., Maastricht, the Netherlands). We first applied iso-voxel transformation to anatomical data 

to obtain data in square data matrix 256 ×256, and then transformed the data into Talaraich space. We used 

standard procedure for Talaraich transformation with first rotating the cerebrum into anterior commissure – 

posterior commissure (AC-PC) plane, and second identifying borders of the cerebrum so that the size of the 

brain was fitted into Talaraich space. We preprocessed functional data performing slice scan time 

correction, 3D movement correction relative to the first volume using tri-linear estimation and 

interpolation, removal of linear trend together with low frequency non-linear trends using high-pass filter. 

Next, we co-registered functional with anatomical data to obtain Talaraich referenced voxel time courses, 

to which we applied spatial smoothing using Gaussian filter of 7 mm.  

Modeling Brain Responses 

We used box car predictors to model events of no interest. To model events of interest we used 

stick predictors with categorical variables being the product of indicator function of condition (information 

about offer, and whether offers was generated by human or a computer) and value of stimulus/decision. We 

explain predictors of interest in more detail in the main text as we present results.. We convolved predictors 

with a standard two gamma hemodynamic response function (hrf) that models blood oxygenation level 

dependent signal measured by fMRI technique. 
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