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Introduction
Game theory, and in particular the ultimatum game, has been explored by many economists in various different ways. Some claim it is due to fairness and manners that significantly different results arise in reality when compared to theory. Without disproving these findings, it is my intent to show the reader that the ultimatum game can be looked at using a different light. Using a utility function that takes equality in wealth and payoff into account, various scenarios are depicted in which an offer will be accepted. Proposers will offer more than half of the figurative pie if they feel they are economically more advantaged in comparison to the responder. When the wealth levels are comparable, the proposer offers slightly less than the responder. It is only when the responder is much wealthier that the proposer chooses to offer less than a third of the pie. After the calculations, the utility function is further explained and applied to these varying situations. Limitations and explanations about rejected offers are given in the latter part of this thesis.

The Ultimatum Game

Game theory is a way for economists to analyze and describe the way people make decisions. There are various games that apply to differing situations. Most of the time, there is a risk and reward aspect to a game. If one player makes a decision, this decision affects the outcome to another player and may, in some games, subsequently lead to this player altering his initial choice. Through my studies I have been amazed at how the results in some games turn out significantly dissimilar in reality when compared to the outcome as predicted by the theory. This has lead me to analyze the well-known and remarkably simple ultimatum game.
This game involves two players and a small sum of money, often about 5 dollars. Player 1, whom we will call the proposer, has to decide how much of the money to offer player 2, the responder, and how much to keep for himself. If the responder accepts the offer, the proposer receives his share as will the responder. Should the responder decline the offer, both get nothing. According to economic theory, assuming rational thinking on the part of the responder and utility maximizing behavior, the responder will accept any offer above $0,00. The fact that in most experiments $0,01 or anything close to this amount is hardly ever accepted points to some discrepancy between the way the theory expects individuals to behave and the way they actually do. It is for this reason that I was intrigued by the ultimatum game.

Current theory and Experiments

First, the already existent theory will be analyzed and discussed to see if there is a main reason for the big difference in the expected result and the actual result. As has become clear, the ultimatum game is not a game that has slipped the radar of many economists. There have been quite some papers written about the topic with interesting results. 
The era of influential papers on bargaining games starts in 1982 with a paper titled “An experimental analysis of Ultimatum Bargaining” by Güth, Schmittberger, & Schwarze. In this paper Güth et al. conclude that the experimental results are significantly different from the theory. They refer to the ultimatum game as a game of anticipation and see it as two 1-person games. The proposer has to anticipate what minimum offer the responder will accept and what will be regarded as good or bad. In this sense it is a one person game for the proposer. For the responder it is a simple choice of whether to accept or reject an offer based on if it is beneficial for him, again a one person game. The only strategic interaction in the game is in the form of anticipating future decisions.[footnoteRef:1] [1:  (Güth, Schmittberger, & Schwarze, 1982)] 

The paper goes on to state that the responder’s decision to reject or accept an offer relies on what they consider to be a fair or justified result. If the offer is too low, subjects will punish these offers by not accepting. In rejecting an offer, the responder first considers the so-called “price of conflict”. This is the cost associated with not going along with the proposed offer, thus the offer itself. 
Forsythe et al. have written a paper about the effect of fairness on the way the ‘pie’ is divided. They test to see if the proposer takes fairness into account when deciding how much to offer the responder. In order to test this hypothesis, they compare the results of ultimatum games with those of dictator games. In dictator games, the responder does not have the opportunity to accept or decline the offer and the money is always appointed. The hypothesis is therefore that the offers will be identical in both games as the proposer is concerned with fairness and therefore offers the responder more than $0,00 in the ultimatum game as well as in the dictator game. The experiment was done twice, once in April 1988 and once in September 1988. 
The results of the experiments reveal that the fairness hypothesis is rejected at the significance level of 0.01. The discrepancy lies in the fact that the players are more generous in the ultimatum game than in the dictator game. It can thus not be concluded that fairness is the main reason for non-trivial offers offered by the proposers. In the dictator game, 36% of the players are gamesmen, meaning they offer zero. In the ultimatum game no player offers nothing.[footnoteRef:2] When doubling the amount of money, the same results are acquired, being that the fairness hypothesis is rejected.  [2:  (Forsythe, Horowitz, Savin, & Sefton, 1994)] 

	Some papers look for answers in other corners. They want to see which other factors may affect choices made by both players in the ultimatum game. One such paper is that of Roth, Prasnikar, Okuno- Fujiwara, & Zamir. In this work, the effect of possible cultural differences on the outcome of ultimatum games are investigated. The cross-cultural affects are tested with the use of data of identical experiments in Israel, Japan, the United States and Yugoslavia. The experiment was repeated 10 times per proposer. The focus and challenge during the set-up of the experiment was eliminating between-country variables such as differing languages, currencies and experimenters that might affect the outcomes and give unwanted results. These were all controlled for successfully. Next to the ultimatum game, there was also a market environment experiment to test if markets varied per country. This was done with an experiment involving one seller and multiple buyers. They each make an offer to buy an indivisible object and the seller decides if he wants to accept or reject the highest offer. The results of the experiment were that there were no significant differences in payoffs amongst countries. 
What was different in the bargaining experiment was that the offers in Japan and Israel were higher than in the US and Yugoslavia. There was however no difference in disagreement rates. A point Roth et al. make is that all cultures see half the profit is fair, so a 50-50 split of the profits. What varies per subject pool (per nation) is how much more, than half, the proposer gets is seen to be reasonable. Assuming offers tend towards what is commonly seen as fair, disagreement rates will not vary between subject pools, even though offers will. Due to the fact that all four countries have similar market environments, the difference in offers in the bargaining experiment in subject pools is concluded to be cultural.
Camerer & Thaler (1995) describe the ultimatum game as one that leads to anomalous results. An empirical result qualifies as an anomaly if it is difficult to “rationalize” or if implausible assumptions are necessary to explain it.[footnoteRef:3] They describe an experiment in which 5000 dollars was invested. Fifty pairs of students played a 100 dollar ultimatum game and fifty pairs played a ten dollar game. The purpose of the experiment was to analyze the effect of raising the stakes on the outcome of the game. The result showed that the difference was insignificant in offers. Rejection of offers was the same in the ten and 100 dollar game. Camerer & Thaler mention that the ultimatum game involves an income maximizing aspect. The proposer tries to maximize his own income as does the responder. The proposer can thus be shown to raise his offer as to be sure it gets accepted. When raising the stakes however, the proposer can assume that it is more costly to turn down a 10% offer in a 100 dollar game than in a 10 dollar game. To maximize his income, he would then offer less than 10% in the 100 dollar game. This does however not occur. Some subjects would rather turn down offers of 30 dollars than accept an “unfair” offer.[footnoteRef:4] Again, as seen in most papers, responders turn down insultingly low offers. Camerer & Thaler conclude it is a matter of manners rather than altruistic behavior that leads to these results. A rationally thinking proposer would assume a responder would accept any offer above an estimated percentage of the profit, say 10%. Out of manners, the responder would offer more than that, say 30 or 40%, according to Camerer & Thaler. [3:  (Camerer & Thaler, 1995)]  [4:  (Camerer & Thaler, 1995)] 

Cameron (1999) takes the experiment of highering the stakes a step further than Camerer & Thaler by doing experiments in Indonesia. She realized an experiment that raised the stakes to three times the monthly expenditures of the average participant. There were three real money versions of the ultimatum games, each consisting of 2 rounds. In the first round of all games, the game was played with Rp5000. The second round in the first version was also for Rp5000, the second version for Rp40,000 and the largest sum played for was Rp200,000. Rp 5000 is approximately 10 dollars and Rp200,000 is about 400 dollars. In the game with the largest amount of money, it was found that responders did not significantly change their offers, in percentage of the money being played for, but responders were more willing to accept these offers. The initial reaction is to punish an unjust offer, but, economically, as the price of fairness (punishing) increases, demand for it falls thus leading to less offers rejected. Responders face higher costs of rejecting and so reject less. Proposers on the other hand also face a certain risk. They must weigh the possibility of even greater gains in the high stakes game, decreasing their offer, versus the risk of losing even more, the offer being rejected by the responder. Another point Cameron mentions is that if risk averse, proposers may even increase offers for fear of non-acceptance on the part of the responder. This is however not proven or investigated in her paper.
	
Utility and Preferences

Going back to the point raised in the paper by Güth, Schmittberger, & Schwarze (1982), the ultimatum game can be seen as a 1-person game in which the proposer has to anticipate the actions of the responder. As offers often get rejected, there appears to be an environment of incomplete information. It is the proposer who does not have enough information to adequately anticipate what the responder is going to do. It depends on the type of person the responder is if he will accept or decline an offer. This aspect, the likeliness of accepting or rejecting an offer, of the game brings us to the central microeconomic assumption, namely rationality. Most of economic theory is based on the fact that people act rationally, or are agreeable to reason. It is clear that the outcome of the game is impossible to predict when playing the game with a so-called lunatic whose actions are completely inconsistent and unclear.
	According to Frank (2008), a persons rationality can be defined by two standards: the present-aim and the self-interest standard. I will start with the former. A person is rational under the present-aim standard if she is efficient in the pursuit of whatever aims she happens to hold at the moment of action.[footnoteRef:5]This is a clear definition in that it shows that it does not matter if an action or aim is sensible or unsensible, it is rational according to the present-aim standard as long as she pursue it in the most efficient way. The interesting part of this standard is what is called the “crankcase oil” problem. If we see a man drinking litres of used crankcase oil from his car, then see him suffering and die, we can, by this present-aim standard assume he did this rationally. It is a rational act if the man identified this as the most efficient way of pursuing his aim. It becomes a case of preferences, however unappealing to many other people. This way, any behavior can be explained simply by assuming certain tastes. One can see that assuming rationality will not help in explaining whether an offer will or will not get accepted in an ultimatum game. [5:  (Frank, 2008)] 

	Looking at the self-interest standard, it is assumed at the outset that people’s motives are congruent with their narrow material interests.[footnoteRef:6] Altruism, fairness and principles are not considered in this model. People are said to be rational if they act in a way that benefits them. The fact that many people have jobs they do not enjoy becomes rational due to the fact that they are compensated for this with pay, something vital to being able to support oneself and one’s family. It is thus self-interest that forces them to work.  In this version of rationality, the crankcase oil problem does not exist as it is not in one’s best interest to die. Arguably, the self-interest standard is not perfect either, but it is the standard for rationality which is used more often my economists than the former standard. Through economic experiments and everyday life, we have come to learn that not everyone has narrow selfish preferences, no-one is purely concerned with only themselves. Some people give to charity, others participate in community service and others volunteer at animal shelters. Besides the good felt by someone in helping others, these actions are clearly not only the result of pursueing self-interest. We can therefore assume that this is the result of other factors playing a role in the decision making process of an individual.  [6:  (Frank, 2008)] 

	Consider a person whom we shall call Bob. Bob has his particular preferences like everyone does and one of these preferences is that he cares not only about his own income but also about Joe’s income. It is easiest to illustrate these preferences in an indifference curve. The diagonal line represents the relevant budget constraint. One can see that Bob will be willing to give some of his income to Joe in order to increase his utility level. At indifference curve A, Bob has most of the income at the point where the budget constraint crosses the indifference curve. If Bob gives some of his income to Joe, indifference curve C can be reached, thereby increasing Bob’s utility. It is thus a rational utility maximizing action that results in this redistribution of income. Going back to the rationality standards, this action does not appear to be explained using the self-interest standard as it is not logical to make one less wealthy by giving money to another. It is explained however, by the present-aim standard. Bob aims to maximize his utility, and by redistributing his income to Joe, he does just that.
[image: ]	Applying this to the ultimatum game, we can possibly explain some results without involving the current explanations about why proposers offer more in the ultimatum game than is expected in the theory like fairness, manners and simply the realization that an offer could be rejected. In an ultimatum game, Bob will be the type that will offer Joe half of the pie, not because he thinks Joe will otherwise not accept his offer, but because this maximizes Bob’s utility. Unfortunately, not everyone behaves like Bob. Everyone has different preferences and different utility functions. The utility function also depends on whether someone is a proposer or a responder. This comes from the idea of the ultimatum game being two 1-person games. If in the proposer seat, one simply decides what would maximize one’s utility and offers that amount. If in the responders seat, one has more to think about. The utility function of the responder is less relevant. The responder receivers an offer and then decides if there is higher utility in accepting or in declining the offer. Note that declining an offer can have a utility greater than zero.  What also plays a role in the decision to accept or reject an offer is to know what kind of person the proposer is. If the proposer is a wealthy businessman and offers the responder only 5% of the total amount, the responder is likely to reject the offer. If the proposer is a poor man from a village in Africa that offers 5%, one can imagine that there is more chance that this offer will be accepted when compared to the former scenario. The feeling of being able to make someone happy with a certain amount of money and knowing that person needs the money more than oneself will likely raise the utility gained from the game. It is slowly becoming clear that there are many factors which affect the outcome of the ultimatum game. It is for this reason that this writer has taken the utility maximizing approach when it comes to bargaining games.
	The utility function of players in the ultimatum game is assumed to be somewhat known by the other players due to perfect information. The utility function below is one that tries to capture the effect of relative wealth levels and portion of the pie that has been offered on willingness to accept an offer.



 
This function is based on the assumption that one will be more inclined to accept an offer from a less wealthy person than from one who is much better off than you, like the African and the businessman described earlier. Here Y stands for the possible payoff from the ultimatum game. YOwn is the payoff one will receive if the offer is accepted. Subsequently YOther is the payoff the other player will receive if the offer is accepted. In either case, be it the proposer or the receiver, this function is the same. Besides possible payoffs from the game, wealth is also included. πOwn is one’s own wealth and πOther is the other player’s wealth. The other player’s wealth is guessed by the player.  The  equation, namely: 



indicates that players favor an almost even share of the combination of wealth and payoff. One can see that the more equal the terms in brackets are, the greater the utility from this will be as multiplication of the terms will result in a high value[footnoteRef:7]. X is a constant which reveals the preference for sharing. If X is high, the player gains greater utility from having a higher combination of wealth and payoff from the game when compared to the other. If X is low, the player highly values having similar wealth and payoff levels and shows a greater liking to equality. YOther + πOther shows that players care about the income of the other players. Having both values be very small or zero results in a utility of zero.  [7:  Ex. 5x5 (25) is greater than 10x1 (10)] 


	When looking at the whole equation, one sees it is an interworking of parts. Firstly,  there needed to be some difference in wealth and payoff in favor of the “own” player. This is because we have to take into account the degree to which this player wants equality, denoted by X. Secondly, if wealth is a lot lower for the other player, the “own” player will want to raise the payoff for the “other” player to maximize the utility gained from the game. The value for wealth is not the actual wealth in a form of currency, but is given a value based on a scale from 0 to 5, 5 being the most wealth and 0 being very poor. Wealth is assumed to be known for both players and is thus a value that can be filled in as a constant. Knowing the value for wealth and knowing the variable α and x, one can derive the value for the payoff for each player from the game that maximizes the utility for the proposer. The value for payoff in the utility function ranges from 0-10 and goes by halves. For instance, an offer of 4.5 is possible while an offer of 4.4 or 4.6 is not. This is to keep the function simple. Ten is considered the “whole pie”. Logically, a proposer that proposes 5 for the responder splits the pie evenly. 
	Now, the example of the businessman and the impoverished African will be analyzed using the utility function. The businessman, assumed to be very wealthy, will have a wealth of 5. This is the maximum wealth on the scale, used in this example to clearly highlight the difference. The poor African man has a wealth of 0, the lowest on the scale. The game will be looked at from the point of view of the proposer and this proposer is the same in both hypothetical games. The game will thus be played twice, once with the businessman as the responder and once with the poor African man as the responder. 
The proposer has a wealth of 3 and is thus reasonably well off – above average. First off, the constant, x, had to be found for a person with a wealth of 3 and a decent preference for equality. When assuming that a person of equal wealth (3) is the responder one can use backward induction to find, or estimate closely, a reasonable  value for x.  This means instead of maximizing wealth and finding a value for YOwn and YOther I assumed that because this is a model of equal sharing and we have equal wealths, the payoff from the game for both would be close to 50% of the total amount. YOwn and YOther both have the value 5. Plugging this into the equation, with the values for πOwn and πOther being known as well, we come up with the following:





Comparing this 50-50 to a 60-40 share of the profit, we assume that given a slight preference to the proposer receiving a little bit more, we would find the utility of the 60-40 game to be marginally higher than the previous share:





We take the two together:





With educated guesses and plugging in various options, the best value for x for a person with wealth 3 who cares moderately about others is 2. In the 60-40 case, the utility is 49. For the 50-50 share, the utility is 48. As pointed out, these offers are very close to each other in terms of utility derived from them by the proposer yet the 60-40 offer is the greater of the two. The point of this example is not to be able to point out the exact value for x, but to show how the equation works. One can see that in the equation,, the utility is larger in the 60-40 example, utility is 49, than in the 50-50 example, where the utility is 48. The difference in utility comes from the adjustment, x,  for equality preferences. 
Now that the preferences are known, we can take a look at what the expected offer made will be for the person whose wealth is 3, whom shall be called Ben from now on. First, we look at the game played between Ben and the rich businessman. As pointed out, the rich businessman has a wealth level of 5. Since Ben has a lower wealth, the model predicts Ben to keep an even bigger share and offer the businessman less than half. First, the value for x and the wealth values can be put into the formula: 




Secondly, the partial derivatives of the function are found and equated to zero. The maximum utility was found to be 64. This corresponds to a value of 7 for YOwn and thus a value of 3 for YOther. Ben thus offers the businessman 30% of the pie and keeps the other 70%. This is in line with our expectations as we assumed Ben to care about equality and since the businessman is wealthier than Ben, he will decide to keep more for himself. 	Now, we will look at how much Ben is willing to offer a far poorer individual like a poor man from an African village. Plugging in all the known values for this game, we get an equation that looks like the following: 



The result is that the value for YOwn will be lower than in the former game as we replace the wealth level of 5 with a wealth of 0. When maximized, the function equates to 30.25 units of utility. This relates to a value of 4.5 for YOwn and thus a value of 5.5 for YOther. This may seem surprising as this means that Ben offers more than half to the African man. Is Ben too altruistic in this model? Maybe, but it is also the reason why some people give to charity, they value a dollar in someone else’s hand more than their own. This is what this model also tries to incorporate, that people care about equality and are willing to sacrifice some of their own income for those that seem to need it more. Through this example, we also know that this is the maximum Ben is willing to give away. An offer greater than 55% will never occur, which shows there is a limit to Ben’s altruism. At a certain point, being 45% of the payoff, the utility gained from giving more to another does not outweigh the utility gained from keeping more money to himself.  
	Having looked at the utility function of the proposer, it does not guarantee a deal. These are strictly the utility maximizing situations for the proposer; the responder still has to weigh out his options. It is of course a far less complex decision for the responder. The responder receives an offer and depending on his own utility function will accept or reject this offer. As stated in Forsythe, Horowitz, Savin, & Sefton (1994), some responders are pure gamesmen while others have “spite” components and will not accept an offer they believe to be unfair. In the latter case, the responder considers the added benefit or utilitarian gain from punishing. Should this added utility outweigh the utility gained from the forgone monetary sum, then the offer will be rejected. An offer that results in a positive value, above zero, is one that the subject will accept and, naturally, an offer that results in a negative value is one that will be rejected, as stated above. The responder has a similar utility curve. The function looks the same, only the responder does not look at only maximizing his utility. There is a maximum offer that he will not accept that gives him U(0). An offer  he does accept, will have a utility U’= ?. With this logic, he accepts any offer where:



The latter equation is the point at which offers start to get accepted by the responder. In real life, the proposer has to estimate the utility function of the responder , thus it is best to  simply take the action which maximizes his own utility. A little bit of strategy is involved in cases where there is a big difference in wealth, where the responder is offered less than the proposer. Here the proposer may want to think more carefully about the offer and possibly adjust it upwards due to fear of non acceptance of the proposal. On the other hand, one could assume that the, in this case wealthier, responder also has a natural preference for equality and would be willing to accept an offer that is less than half of the total. Again, it is impossible to know exactly what kind of responder one is playing the game with. In the worst case, being a game that has no information, one can offer a safe 50:50.
 Playing this game in a  very different setting, namely one where the proposer knows exactly what utility the responder places on punishment of seemingly unfair offers and what wealth the responder has compared to his,  the responder can adjust his utility curve for this. He may not go for his maximum utility but go for a different offer knowing this offer would get accepted whereas the one at maximum utility would not. Even in this game the outcome is still not 100% known as there can be factors which have not been accounted for. An example of one of these factors could be attractiveness. Think of studies that have been done on appearance and the effect of attractiveness on attributions and the saying “what is beautiful is good”. Dermer & Thiel (1975) reveal from their experiments that “the favorability of personality attributions increases monotonically with the physical attractiveness of targets”. This means that a person that is generally considered to be attractive has certain positive characteristics associated with them. When facing an attractive person as a proposer, one may be inclined to accept a lower offer because one feels this person is genuine and trustworthy in making a fair offer. This is merely an example of another factor but as attractiveness is not something that can be introduced into a utility function, it is something that is not taken into account. These types of factors keep the responder very unpredictable even in a hypothetical game of perfect information.
	Despite these factors, the utility function seems to be in line with current findings and outcomes of the ultimatum game. Various studies find the mode offer to be between 40 and 50%. Camerer & Thaler (1995) for instance, found the mode to be 40% in Israel and 50% in the US.  This is more or less what the mode is for the utility function used in this paper. Given a range between 30 and 55 percent, the mode would be around the 40 and 50% as well. Cameron (1999) has done experiments in Indonesia where some proposers offered 85% of the pie to the responders. Here the mode was also found to be around 50%.  As one can see, there is a general consensus amongst modern economists and experiments that the average offer will be around 50%. It is thus that I suggested, using the utility function, that there are deviations upwards and downwards when one takes wealth into account, which I believe actually occurs. In the already present empirical results, some offers get rejected. This can be explained by the fact that some proposers seize to correctly estimate the wealth level of some of the responders. Most proposers guess the wealth levels of responders on the basis of attributes like hobbies, clothing etc. Mistakes in judgement of these wealth levels can lead to associating too high a wealth level to a person and thus offering them too little in an ultimatum game. This results in the responder rejecting the offer. The same goes for responders. Responders may think they are receiving an unfair offer from a wealthier person while they may in fact be getting a pretty decent offer from a far less wealthy person.

Conclusion

Though I have not done an experiment, the already abundantly present theory does not disprove the utility function that has been developed in this paper. This does not mean that it proves it right either. In order for this to be proven, one would have to design an experiment where all other factors are controlled and only wealth is allowed to affect the outcome. The utility function which came about in this paper is one that can hold some value and prove to be – at least slightly- correct. One can agree or disagree with this theory but it is one way of explaining  the discrepancy between theory and reality. It is strongly believed by this writer that people care about others and will favor equality rather than cheating someone out of a fair share. It might be interesting to see an experiment where a very simple dictator game is played with various subjects with varying wealths. The outcome could be quite exciting especially if the subjects that are the ones offering the money know exactly what the wealth or income is of the receivers. Until that time comes when an experiment is done to test the utility function, it must be taken with a grain of salt and it should stimulate a broader analysis of this topic.
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