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Abstract 
We report results from a multi-period game designed to stimulate anti-social preferences and to 

measure the cost of to a society with members who act on these preferences. There are a number 

of important features of our game that, while individually not unique, in total distinguish it from 

previous games used to examine anti-social preferences. The unique feature of our design is 

that it addresses the two negative effects of anti-social preferences: the wasteful expenditure of 

resources in an attempt to harm others and the wasteful use of resources by the targets of antisocial 

actions in an attempt to protect themselves. We report evidence of anti-social preferences; 

those who were less well-off attack those who were better off, but the pattern of attacks is more 

complicated than suggested by available theory. We find within class attacks to be the most 

common type of attack observed. Relative standing within a type seems to be the motivation. 

Rich players are motivated in their attacks by a desire to move up in ranking within their type, 

while the poor players are motivated in their attacks by a desire to avoid moving down in ranking 

within their type. Finally, as wasteful as attacks are, spending on protection against attacks, 

while individually rational, results in even more waste. Subjects purchased insurance at twice 

the rate of attacks. Within our laboratory society, players acting on their anti-social preferences 

reduce total economic welfare by approximately 20 per cent. 
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1. Introduction 

Anti-social preferences (often referred to as envy, jealously, or spite) can be a destructive 

force inhibiting societal growth and wellbeing.1  Envy can compel the envious to seek to drag 

down to his own level those who are envied (Smith and Kim, 2007; van de Ven, Zeelenberg, and 

Pieters, 2009).  Wanting what the envied have, but not believing it is an attainable goal, can 

motivate the envious to undermine and hinder the advancement of those who are envied.  

Resources are expended in unproductive, from a societal perspective, attempts to harm the 

envied.  These actions serve to reduce the growth and general well-being of society.  Envy’s 

destructive nature is, however, not limited to the negative actions taken by the envious. Envy can 

also result in the use of resources by the envied to protect themselves from these harmful acts 

(i.e. expenses and efforts taken to hide and/or protect one’s wealth, see Schoeck, 1969), drawing 

resources away from productive, social welfare-enhancing, uses.2   

In this paper we report results from a multi-period game designed to stimulate anti-social 

preferences and to measure the cost of to a society with members who act on these preferences.  

There are a number of important features of our game that, while individually not unique, in total 

distinguish it from previous games used to examine anti-social preferences. First, subjects differ 

by type (rich and poor) and by their cumulative wealth.  More precisely, one type has a larger per 

period endowment and a higher expected return from investing than the other type.  Second, 

agents play in groups of ten and an agent that decides to take action can select any one of the 

other nine agents as the focus of this action.3  Furthermore, this choice can vary from period to 

period.  Third, when deciding whether or not to take some action, each agent has available all 

agents’ previous period’s earnings, all agents’ cumulative earnings, and the payoff possibilities 

                                                           
11

 Interdependent preferences (both pro and anti-social preferences) have been modelled in a number of ways (see, 
for example, Fehr and Schmidt, 1999, and Charness and Rabin, 2002 for two of the more cited variations). Bolton 
and Ockenfels (2000) is a third, well cited, but slightly different variation.  Sobel (2005) offers a simplified 
overview of the different models.  An agent’s utility is assumed to be a function of both his own material allocation 
and his own allocation relative to the allocation of other agents.  An agent is hypothesized to be altruistic if his 
utility is diminished when his allocation exceeds the allocation of the other; an agent is hypothesized to be envious if 
his utility is diminished when his allocation is exceeded by the allocation of the other.  
2 Envy can also be constructive, serving to enhance the general well-being of society. Wanting what the envied have 
can motivate the envious to increase their productivity, to be more creative, and to do their utmost to pull themselves 
up to the level of those envied. 
3 A feature of many games is that agents do not choose who will be the focus of their actions. Play is in fixed pairs 
or, if in groups, an action may have an impact (not necessarily equally) on all members of the group.  Agents may 
only select their primary targets. 
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for any action decision made.4  Fourth, the game is designed so that the relative earnings at each 

decision making point differ (i.e. agent X’s cumulative earnings relative to agent Y’s cumulative 

earnings can vary from period to period).5   

The final two features of our game’s design are of particular interest.  First, as a multi-

period game, our agents can adapt and learn, adjusting their strategies over time as they become 

more experienced.  A fairly standard result from multi-period VCM games is that agents’ 

behaviour changes with time.  Contribution levels decline over time as agents suffer either donor 

fatigue, adapt to the play of the other agents, or learn to free-ride.  The play of agents in the first 

m periods can differ dramatically from their play in the last n periods. We allow for the 

possibility that our subjects learn, possibly that acting on anti-social preferences is wasteful and 

is less satisfying than the foregone monetary rewards or, alternatively, that acting on anti-social 

preferences provides them some non-monetary benefits which exceed any foregone monetary 

rewards.   

Second, our design is unique in that it addresses the two negative effects of anti-social 

preferences.  On-the-one-hand, anti-social preferences may manifest as the wasteful (i.e. 

unproductive from a societal perspective) expenditure of resources by one person in an attempt 

to harm others: expenditures that reduce the overall well-being of society as a whole.  In our 

design, subjects can, by paying a portion of their endowments, attempt to inflict harm upon 

another subject of their choosing.   On-the-other-hand, a fear of anti-social preferences on the 

part of others may result in the wasteful use of resources, in an attempt to protect themselves, by 

the targets of anti-social actions. The targets of anti-social actions may be keenly aware that 

destructive actions may be directed at them.  Knowing that one may be a target of anti-social 

actions can lead a person to expend resources to protect (i.e. insure) against such harm (i.e. hiring 

lawyers, installing home security devices, building fences or high walls; see Schoeck, 1969).  

Such expenditures are wasteful reducing the overall well-being of society.  Our game includes an 

insurance option that subjects can purchase (at the cost of reduced savings or investments) to 

indemnify themselves against losses arising from anti-social actions taken against them by others.     

                                                           
4 For many games, the decisions are often one-shot or independent repeated play, one-shot decisions.  In our game, 
cumulative history can be important. 
5 Even in many multi-period games, often earnings are determined by a random draw from among all periods and 
players do not know the earnings histories of other players. So in any period, the current period’s decision is 
independent of past earnings and the relative earnings of players are unknown and irrelevant. 
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We report evidence of anti-social preferences; subjects attack others subjects 

approximately 25 per cent of the time.  Consistent with the theory of social preferences, those 

who were less well-off attack those who were better off, but the pattern of attacks is more 

complicated than suggested by available theory.  While across type attacks are quite common, 

we find within class attacks to be the most common type of attack observed.  Relative standing 

within a type seems to be the motivation.  The pattern of attacks suggests that the rich players are 

motivated in their attacks by a desire to move up in ranking within their type, while the poor 

players are motivated in their attacks by a desire to avoid moving down in ranking within their 

type.  The rich strive to be on the top of the heap, the poor to avoid being at the bottom.  Finally, 

as wasteful as attacks are, spending on protection against attacks, while individually rational, 

results in even more waste.  Subjects purchased insurance at twice the rate of attacks.  Within our 

laboratory society, players acting on their anti-social preferences reduce total economic welfare 

by approximately 20 per cent.   

In the next section we review the literature.  In section 3 we outline the game and the 

procedures.  Section 4 discusses our results and section 5 concludes.      

2.  Literature review 

2.1 Pro-Social Preferences 

Evidence consistent with pro-social preferences is considerable.  Donations in the USA to 

private charities over the past decade have consistently totalled approximately 2 per cent of 

Gross Domestic Product with individual giving constituting approximately 75 per cent of the 

total (Giving USA, selected years).  Fehr and Schmidt (1999) note that there is considerable 

evidence that wage offers are constrained by workers’ sense of fairness.  Kahneman et al. (1986) 

find that customers’ feelings about fairness regarding prices and wages help explain some 

pricing and wage setting decisions by firms in the short-run.  Studies by Blinder and Choi (1990), 

Agell and Lundborg (1995), Bewley (1995), and Campbell and Kamlani (1997) offer evidence 

that wage stickiness during recessions may be due to workers’ perception that such cuts would 

be unfair and would negatively affect worker morale.   

Experimental studies, employing a modified Dictator Game with charities as the 

recipients, consistently find that subjects will give nontrivial amounts.6  Researchers employing 

                                                           
6 See, for example, the work by Eckel and Grossman (1996, 2003, 2004, 2005, 2006ab). 
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the standard Dictator Game, with other anonymous subjects as recipients, also find nontrivial 

amounts being passed to the recipients.7   

Evidence from Ultimatum Games is also consistent with pro-social preferences.8  

Proposers have been found to be significantly more generous than rational, self-interest would 

suggest.  The most common proposed split is in the range of 60/40 and 50/50.  This unexpected 

generosity may be partly explained by a fear of rejection.  Eckel and Grossman (1996, p. 185) 

note that “… any offer, other than one constituting the whole pie, risks rejection.” Increasing an 

offer by a dollar, by reducing the risk of rejection, causes the Proposer’s expected earnings to 

decrease by less than a full dollar. 

Evidence of pro-social preferences is also evidenced in the Gift-Exchange Game 

(reciprocity).9  The reciprocity argument is that individuals will respond in a like manner to those 

who have been nice or mean to them. The original Gift-Exchange Game is designed to model 

labor markets with incomplete contracts.  The first mover (i.e. the employer) sets a wage rate.  

The second mover (i.e. the employee) then sets a level of effort.  Since the wage has already 

been established, the worker has no incentive to offer more than the minimum possible effort, 

especially in a one-shot game.  Researchers find that employers set generous wage offers, well 

above the level justified by minimal work effort, and that employees reciprocate with work 

efforts significantly above the minimum (Fehr et al., 1993; need a few more cites).10  In 

subsequent studies, employers are permitted to punish employees that provide too little effort or 

shirk, i.e. provide the minimum effort level (Fehr et al., 1997, need a few more here too).  

Employees, faced with the threat of punishment, opt to provide higher average levels of effort 

and reduced the rate of shirking substantially.   

The Trust Game is another game providing evidence of pro-social preferences.11  In this 

game the first mover is given an endowment of $X.  He may keep it all or pass some or all to the 

second player.  The second mover receives 3x(X-Y), where Y is what the first mover keeps.  The 

                                                           
7 See, for example, Eckel and Grossman (1998), Bolton and Katok (1995), Hoffman et al. (1994, 1996) and Forsythe 
et al. (1994).  
8 The early research in this area is surveyed by Thaler (1988) and Gȕth and Tietz (1990).  See also, for example, 
Eckel and Grossman (2001), Kagel et al. (1996), Guth et al. (1982), and Oosterbeek et al. (2004). 
9 Fehr and Gächter (2000) offer an overview of the literature. 
10 Charness et al. (2004) offers evidence that suggests the results are sensitive to the inclusion or not of a 
comprehensive payoff table.  Falk (2004) tests for reciprocity in a different context, charitable giving.  In his field 
experiment, he finds that including a gift in the solicitation letter increases the frequency of donations and the 
frequency increased with the size of the gift.   
11 The original Trust Game was conducted by Berg et al. (1995). 
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second mover may keep all she receives or pass some or all back to the first mover.  Berg et al. 

(1995) report that 30 out of 32 first movers in their no history treatment send some money and 11 

of these first movers received a positive payback on the money sent. Many other studies find that 

many first movers send money and many second movers send money back (see for example, 

Fehr and Tougareva, 1995; Eckel and Wilson, 2004; and Anderhub et al., 2002). 

2.2 Anti-Social Preferences 

Evidence of anti-social preferences (i.e. spite, envy, or jealousy) is also widely available.   

The Power-To-Take Game offers evidence of anti-social preferences.12 In the two-person game, 

the two players earn income in an unrelated activity.  The experiment has two stages.  In the first 

stage, player A decides what percentage of player B’s earnings, after stage two, he will take.  In 

stage two, this information is revealed to player B.  Player B can then choose to destroy none, 

some, or all of her earnings, thereby reducing the amount going to A.  Bosman and van Winden 

(2002) report that the mean take rate is 58.5% and 21% of the B players destroyed income (with 

almost all destroying 99 or 100%).  The probability of destroying income was positively 

correlated with the take rate.  Bosman et al. (2006) compared individual and group decisions in 

the game.  They find similar behavior; take rates for individuals and groups are 58.5% and 60%, 

destruction rates are 18.7 and 20.8%, respectively.  Albert and Mertins (2008) add some extra 

twists to the game.  They have two takers and one respondent.  In one treatment, the responder 

has no say in the determination of the take rate.  In the second treatment, the take rate is a 

weighted average of the proposals of the two takers and the proposal of either the respondent or a 

computerized dummy.  The respondent and dummy’s proposals are given either low or high 

weight. The findings are consistent with earlier studies; destruction rates are positively correlated 

with take rates.  Destruction rates are also higher when the respondent has no say in the take rate. 

Zizzo and Oswald (2001) introduce the Money Burning Game.  In this game, a wealth 

distribution is created in a prior activity.  Additional money is provided to a randomly chosen 

subset of players and this information is public knowledge.  In the burning stage, players could 

pay to burn (eliminate) other player’s money; the price of doing so varied.  Zizzo and Oswald 

found significant evidence of money burning: two-thirds of the players burned other players’ 

money and burning did not decline much as the price of burning increased.  The pattern of 

burning indicates that players who did not receive additional money were more likely to burn 

                                                           
12 The original Power-To-Take Game was conducted by Bosman and van Winden (2002). 
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their advantaged fellow players.  In the Zizzo and Oswald (2001) game, everybody could burn 

everybody else.  As such, the decision to burn money was conditioned on the expectation of 

money burning by others.  Zizzo (2003) amends the game design.  He allows all subjects to make 

money burning choices but the choice of only one player, chosen at random, is actually 

implemented.  The removal of the ability to retaliate against expected burning by others reduces 

the level of money burning but does not eliminate it.  Zizzo also finds a stronger price effect:  

burning decreases as the price of burning rises. 

Abbink and Sadrieh (2009) introduce the Joy-of-Destruction Game.  In this two-player 

game, each receives an endowment.  They then simultaneously decide how much of the other 

player’s endowment to destroy.  In one treatment the players have full information; in the second, 

their destruction decisions are hidden behind random destruction.  The game is played over eight 

rounds.13  They find that the frequency of destruction in the full information treatment is low 

(averaging 8.5% of all decisions) and declines to zero in the later rounds.14  In the random 

destruction treatment, the frequency of destruction is almost 40% and is very stable across 

rounds.  Abbink and Herrmann (2010) report results for a one-shot Joy-of-Destruction game.  

This eliminated the fear of retaliation that might affect players in a multi-period game.  The 

frequency of destruction was 10% in the full information treatment and 26% in the random 

destruction treatment.   

Beckman et al. (2002) measure the role of positional bias, including envy and malice in a 

social choice context concerning Pareto optimality with subjects drawn from the United States, 

Russia, China, and Taiwan. They find that: (a) when income positions are known in an income 

allocation, a Pareto improving income allocation faces opposing votes if it does not benefit 

everybody: non-beneficiaries oppose Pareto improvements especially when the recipient is in a 

relatively high income position; (b) the opposition is significantly stronger in China and Russia; 

(c) opposition against non-egalitarian Pareto improvements decreases even in China and Russia 

when subjects other than the main recipient (who receives a larger piece of the pie) are also 

given a small share; and (d) when income positions are not known, the opposition decreases 

significantly because envy and malice are not given play (in this case, opposition only represents 

impersonal equality concerns). 

                                                           
13 Matched pairs of players are fixed for all rounds. 
14 There is an end period jump in the frequency of destruction in both treatments. 
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In all of these studies, with the exception of Abbink and Sadrieh (2009), the subjects play 

either single-shot games or independent, repeated one-shot games. 

 

2.3 Models of Social Preferences 

A number of authors advance models that incorporate both pro and anti-social 

preferences.15  A common feature of the more general models is, what Ernst and Fehr labelled, 

inequity aversion.  Models by Fehr and Schmidt (1999) and Charness and Rabin (2002) assume 

that an individual derives positive utility for her own payoff and negative utility from the 

difference between her payoff and the payoff of other individuals.  Both sets of authors also 

assume that the individual’s utility loss when her payoff is less than the payoffs of others is 

greater than the utility loss when her payoff is greater than the payoffs of others.  Assuming just 

two individuals, the utility function of individual i would be written as: 

Ui(x) = xi – αi max(xj - xi, 0) – βi max(xi - xj, 0), with βi ≤ αi and 0 ≤ βi < 1. 

In the model offered by Bolton and Ockenfels (2000), an individual’s utility is a positive 

function of both her own payoff and her relative payoff (��/∑ x�
�
��	 ).  Assuming just two 

individuals, the utility function of individual i would be written as: 

Ui(x) = αi xi – βi/2 (
��

∑ �
�
���

− 1/2)�, with αi ≥ 0 and βi > 0. 

If i cares only about her own self-interest, then αi/βi → ∞, and if i cares only about her 

relative payoff then αi/βi = 0. 

Mui (1995) presents a model that focuses on the anti-social preference of envy and the 

sabotage of another’s well-being that envy can lead to.  He assumes the people compare their 

own well-being to that of others.  If individual 1’s well-being lags behind that of individual 2’s 

(i.e. Y1 < Y2), then 1 will be envious of 2 and may attempt to sabotage 2 (at a cost) in an attempt 

to restore equity (i.e. Y1 = Y2).  A reduction in 2’s well-being enters positively into 1’s utility 

function (as long as Y1 < Y2).
16        

3.  The Experiment 

Sixteen, ten-subject sessions were conducted in the University Economics Research and 

Teaching Laboratory.  Subjects are recruited by email and posters to participate in a three-part 

                                                           
15 Sobel (2005) provides an overview of models that incorporate both pro and anti-social preferences. 
16 Mui also incorporates an authority that may be able, with probability < 1, to detect sabotage and punish the 
instigator.   
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experiment and participation is on a first-come, first-served basis.17   Subjects are randomly 

assigned to partitioned computer stations.  No subject participates in more than one session. 

There is no show-up fee.  Subjects are instructed not to communicate with one another.  General 

instructions are read aloud with experiment specific instructions provided on-line.  Sessions last 

about 90 minutes.   

Subjects are instructed to log onto the experiment site.  After doing so, the program 

randomly allocates each subject a player number (1 – 10) and a type (A or B).  Game instructions 

(for periods 1 – 30) are then provided (for both As and Bs) and subjects read them at their own 

speed.18  Subjects are informed that after 30 periods the game will change and that new 

instructions will be provided.  Once all subjects have finished reading the instructions they play a 

practice period.  Subjects are again given the opportunity to ask any questions.  Subjects then 

begin play.   

For the first 30 periods, subjects play a repeated play investment/savings game with their 

earnings from each period accumulating.  For these 30 periods, subjects can either invest or save 

their endowments.  Type A players are provided with a $0.30 endowment in each period; Type B 

players are provided with a $0.15 endowment in each period.  If either type player saves their 

endowments, that amount is added to their accumulated earnings account.  Alternatively, players 

can invest their endowments.  For both player types, the probability that their investment will 

have a positive payoff is 50%.  Type A players have a net gain of $0.30 (for a total period 

earnings of $0.60) if their investments are successful and a net loss of $0.15 (for a total period 

earnings of $0.15) if their investments are unsuccessful; Type B players have a net gain of $0.11 

(for a total period earnings of $0.26) if their investments are successful and a net loss of $0.05 

(for a total period earnings of $0.10) if their investments are unsuccessful.  The expected 

earnings per period is $0.375 (a 25% expected rate of return) for Type A players and $0.18 (a 20% 

expected rate of return) for Type B players.   

If subjects choose to invest their endowments, they determine their payoffs by selecting 

from one of ten playing cards arrayed on their computer screen.  Ten of the cards have a W on 
                                                           
17 The email list is comprised of persons who have expressed an interest in participating by e-mailing a sign-up e-
mail address after being informed of the opportunity in large lecture classes.  Posters are placed around campus and 
in dormitories.  We attempt to run gender balanced sessions (i.e. the notices indicated that the first five men and five 
women will participate) but women did not volunteer as frequently as did men.  If less than five women show, after 
waiting a reasonable length of time, a session is filled with the surplus men.  
18 Subjects are informed that if they have any questions to raise their hands and an experimenter will come and 
answer their question(s) privately. 
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their backs, indicating a positive payoff for the investments, and ten have an X on their backs, 

indicating a negative payoff for the investments.  The subjects select one of the cards and that 

card is turned over.  Subsequently the remaining nine cards are turned over too. 

At the end of each period, subjects are provided a summary of their and every other 

subjects’ earnings for that period and their and every other subjects’ cumulative earnings through 

that period (see Table 1 for a sample). 

After period 30, subjects are provided new on-line instructions.  As before, subjects read 

them at their own speed and are told to raise a hand if they had any questions.  The endowments, 

investment and savings features all remained the same, but subjects are now permitted to spend 

$0.05 to do harm to another player of their choice and subjects are permitted to spend $0.05 to 

insure themselves against harm by another subject.  If, for example player 1 pays to harm player 

2 and player 2 had not paid to insure himself against harm, the player 2 loses $0.20; if player 2 

has purchased insurance, the he loses nothing.  A player can attack only one player per period 

(but more than one player can attack a given player) and insurance protects a player against all 

attacks in a given period.  It is important to note that attacks are anonymous; the subject attacked 

is not informed of the identity of his attacker.  Finally, the $0.05 paid to attack another and/or the 

$0.05 paid for insurance reduces either the amount saved or the amount invested.  Table 2 details 

the earnings per period depending on the saving/investing choice, the decision to attack another, 

the decision to purchase insurance, and whether or not one is attacked.  The second part of the 

session lasts for 60 periods.19  

4. Results – Periods 1 – 30 

We only briefly discuss the results from the first 30 periods.  This part of the experiment 

is intended to create and reinforce the differences between the Type A and Type B players.  In 

these periods players can only save and invest.  On average players invest 85.1% of the time.  

Type B players invest at a marginally higher rate than Type A players, 87.6% vs. 82.5% (means 

test t-statistic = 1.69, p-value = 0.09).20  By period 30, the differences between the Type A and 

Type B players is evident.  In period 30, the mean cumulative earnings of Type A players are 

more than twice the mean cumulative earnings of Type B players ($11.39 vs. $5.38). 

 

                                                           
19 Sessions last between 90 and 120 minutes.  Subjects are paid their cumulative earnings for the full 90 periods. 
20 The unit of measurement is the individual player 
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5. Results – Periods 31 – 90 

5.1 Investment Rates 

Beginning in period 31 players can attack others and insure against attacks.  The mean 

investment rate for all players increases modestly, from 85.1% to 87.1% (paired means test t-

statistic = 1.47, p-value = 0.14, two-tailed test).  Type B players still invest at a higher rate than 

Type A players (88.2% vs. 86.0%, respectively), but the difference is not significant (means test 

t-statistic = 0.69, p-value = 0.49, two-tailed test). The increase is greater for Type A players than 

Type B players (from 82.5% to 86.0% and from 87.6% to 88.2%, respectively).  Only the Type 

A player increases is significant (Type A: paired means test t-statistic = 2.94, p-value = 0.004, 

two-tailed test; Type B: paired means test t-statistic = 0.24, p-value = 0.81, two-tailed test). 

5.2 Who is Attacked?  

5.2.1 Summary Statistics 

We first review summary statistics illustrating the type of players targeted for attack in 

periods 31 – 90.  In a period, a player has to decide whether to attack or not.  If he chooses to 

attack, he has to select one player, from among the other nine players, to attack.  Over periods 31 

– 90, a total of 9,600 attack/not attack decisions are made (4,800 by Type A subjects and 4,800 

by Type B subjects).   

Table 3 breaks down the attack data by attacker type, attacked type, and relative 

cumulative earnings for the period prior to the period of the attack.  Type A players are targeted 

for attack more often than are Type B players; 1,464 versus 882.  Both Type A players and Type 

B players target As more often than Bs.  Type A players are the target of 69.4 per cent of attacks 

made by type A players and 54.9 per cent of the attacks by Type B players.  A χ2 contingency 

table test indicates that As attack As significantly more often than Bs attack As (χ2(1) = 51.87, p 

< 0.001).  

Players who are targeted for attack by players of the same type, tend to be wealthier than 

their attackers.  For Type A (B) targets attacked by other Type A(B) players, 61.7 (63.5) per cent 

of the time the target has higher earnings than his attacker.  A χ2 contingency table test cannot 

reject that wealthier As and Bs are equally likely to be targeted (χ2(1) = 0.31, p < 0.58). 

5.2.2 Regression Analysis 
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The theory of social preferences predicts that the greater the difference in two players’ 

cumulative earnings, the more likely it is that the less wealthy player will be envious of the 

wealthier player.  A more envious player is more likely to act on his anti-social preferences and 

attack another than is a less envious player.  In any period, a player has up to nine other players 

that he could be envious of, but he can only attack one of them.  Our dependent variable is 

Attacksijt which takes a value of 0 for all nine other player if player i chooses to not anyone; it 

takes a value of 1 for player j if player i attacks player j (i ≠ j) in period t and a value of 0 for the 

other eight players.  Defining our dependent variable in this way gives us a sample size = 86400 

(= 9*9600).   

We estimate three regression models.  In Model 1, we measure potential for envy as  

Dif ijt-1, the difference in cumulative earnings between players i and j in period t-1 (i.e. cumulative 

earnings of player j - cumulative earnings of player i).21  We also control for the player type of 

the nine possible targets (Target Type) and round (Round).  See Table 4 for definitions of all 

regression variables.  In Model 2 we allow for the effect of Difijt-1 to differ depending on the 

combination of player i's type and player j’s type.  It is possible that envy is more directed at 

others of the same social or economic class that at others from a dramatically different class.  A 

truck driver may be more envious of another trucker with a brand new truck than a movie star 

with a brand new Bentley.  The paired type, difference in cumulative earnings variables are: 

Difference AAijt, Difference ABijt, Difference BAijt, Difference BBijt (player i’s type listed first). 

Finally, in Model 3 we include the squares of Difference AAijt and Difference BBijt to test 

if relative position, as well as absolute differences, within type matter in the decision to attack 

another.22  A player interested in his relative position may be more inclined to attack others with 

cumulative earnings just above or just below his own.  Doing so increases the chances that he 

will move ahead of those just in front of him and keep those just behind him from overtaking 

him.  We do not control for player j’s characteristics since player i only knows the cumulative 

earnings and player type of all players j (i ≠ j).  

                                                           
21 We use the lag of the difference in cumulative earnings since player i sees the cumulative earnings of all players at 
the end of period t-1 before deciding whether to attack another or not in period t.  
22

 We do not include the pairings AB and BA since, in the case of the former, the difference is always negative and, 
in the case of the latter, the difference is always positive. 
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Table 5 reports regression results for three models.  The regressions are probit with 

random effects and clustering on the session.23  Model 1 indicates that Type A targets are 

significantly more likely to be chosen for attack then Type B targets, approximately 24 per cent 

more likely.  The insignificant coefficient for Difijt-1 suggests that targets are not selected for 

attack based on their higher (or lower) earnings relative to the attacker.  Results for Models 2 and 

3, however, suggest that the impact of earnings differences is a function of the target 

type/attacker type mix.  Since a log likelihood ratio test rejects the null hypothesis that the 

coefficients for the squares of Difference AAijt and Difference BBijt are jointly equal to zero, we 

focus our discussion on Model 3.24   

For Type A targets, the coefficients for Difference AA ijt and Difference AAijt
2 indicate 

that while wealthier As are more often targeted for attack, relative position matters; those who 

are only slightly wealthier than a potential attacker of Type A are more likely to be targeted for 

attack.  For Type B targets, the coefficients for Difference BBijt and Difference BBijt
2 indicate 

that while wealthier Bs are less often targeted for attack, relative position still matters; those who 

are only slightly poorer than a potential attacker of Type B are more likely to be targeted for 

attack.  Attackers of type A appear to be trying to pull down those above themselves, while 

attackers of type B appear to be trying to keep down those below themselves  The rich want to be 

top of the heap, the poor want to avoid being the bottom of the heap.  When Type A players are 

the targets and Type B players are the potential attackers, the less wealthy As are more likely to 

be attacked.  When Type B players are the targets and Type A players are the potential attackers, 

the more wealthy Bs are more likely to be attacked. 25   

Finally, the negative and significant coefficient for Round indicates that attacking 

decreases by approximately 0.9 percentage points per period.  This suggests that our players 

adapt and change as they become more experienced.  It is consistent with the conclusion that 

subjects learn, with time, that the psychic benefits from acting on anti-social references are less 

satisfying than the foregone monetary rewards.  

5.3 Who Attacks? 

5.3.1 Summary Statistics 

                                                           
23 We estimate our regression models using STATA 11.2 and GLLAMM (Rabe-Hesketh et al. 2005). 
24 χ2(2) = 6.32, p-value = 0.043.   
25 Recall that DifferenceAB is defined as the earnings of the player B (the victim) minus the earnings of the player A 
(the attacker) and will be negative in all cases.  So a $1 decrease in the earnings difference arises from either a $1 
increase in the earnings of the player B or a $1 decrease in the earnings of the player A, ceteris paribus. 
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We find a fair degree of homogeneity in the willingness of individual players to attack 

another both within and between types.  Table 6 reports the percentage of players by how many 

times they attack another player.  On average, Type A players attack 15.2 times; Type A players 

attack 14.1 times.26  A majority of players of both types attack others relatively infrequently.  

Sixty-three per cent (53) of Type A (B) players attack another player in 10 or fewer periods.  A 

small subset of all players are frequent attackers; 15 (5) per cent of Type A (B) players attack 

another player in more than 50 periods.  A Wilcoxon matched-pairs two sample test cannot reject 

the null hypothesis of no difference in the distribution of the number of attacks by player type (p-

value = 0.52).   

A small number of players of each type are responsible for a disproportionate share of all 

attacks.  The 10 most frequent attackers of each type account for 34.0% of all attacks by Type B 

players and 38.6% of all attacks by Type A players.  The 50% least frequent attackers of each 

type account for 10.1% of all attacks by Type B players and 3.3% of all attacks by Type A 

players.  

5.3.2 Regression Results 

In this section we consider, using regression analysis, the factors that result in a player 

choosing to attack another player.  Our dependent variable is Attacksit (= 1 if player i attacks 

another player in round t). We estimate two models.  In Model 1 we include player type (Type = 

1 if type A), if the player was attacked in the previous round (was Attackedit-1 = 1 if yes), and 

player’s cumulative earnings by type (Cumulative Earnings Ait-1 and Cumulative Earnings Bit-1 ).  

A simple reading of the models of social preferences suggests that Type B players should be the 

type to attack most frequently:  all of the Type A players and possibly some or all of the Type B 

players have higher earnings.  Having previously been attacked might incline a player to attack 

in retaliation. Such attacks are, however, difficult to understand since the person attacked does 

not know the identity of his attacker so the attacked cannot know to whom he should direct his 

retaliation.  The cumulative earnings variables control for players’ income allowing us to 

determine if attacking is a normal or inferior good.  

In Model 2 we include player characteristics including Male (= 1 if yes), Economic 

Classes (= number of economics classes taken), Caucasian (=1 if yes), and GPA (= player’s self-

reported grade point average).  Finally, in both models we control for the round (Round).  See 

                                                           
26

 A means test cannot reject the null hypothesis that the rate of attacking is equal across player type (p < 0.69). 
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Table 4 for definitions of all regression variables.  The regressions are probit with random effects 

and clustering on the session.   

Table 7 reports the regression results.  Since a log likelihood ratio test rejects the null 

hypothesis that the coefficients for the player characteristics variables are jointly equal to zero, 

we focus our discussion on Model 2.27  After controlling for player characteristics, we find that 

Type A players are significantly more likely to attack another.  Being attacked in the prior round 

increases the probability a player will attack in the current round by approximately 14 per cent; 

this is consistent with the retaliation hypothesis.  For both type players, attacking is an inferior 

good; the likelihood of attacking declines the greater is a player’s cumulative earnings.  A $1 

increase in cumulative earnings reduces the probability of attacking by approximately 1.5 per 

cent and 3.3 per cent for A and B players, respectively.28   

We find that male players are more likely to attack another player than are female players.  

An extra economics class taken increases the probability of attacking another by about 12 per 

cent and players with a higher, self-reported, grade point average are more likely to attack 

another.  Being a Caucasian reduces the probability of attacking by another.  Finally, we find that 

attacks decline significantly and continuously over time, by 2.6 per cent per round.  

5.4  Who Buys Insurance? 

5.4.1 Summary Statistics 

On average, players purchase insurance 44 per cent of the time.  Not surprisingly, being 

the most frequent target of attacks, type A players buy insurance at a significantly higher rate 

than do type B players; the average Type A player purchases insurance in 34 of the 60 periods 

(57 per cent), the average Type B player purchases insurance in 19 of the 60 periods (32 per 

cent).29  

On average, players purchase insurance 44 per cent of the time.  Table 8 reports the 

percentage of players by type and by how many times they purchase insurance over the last 60 

periods.  A majority of players of both types attack others relatively infrequently.  Twenty-one 

(46) per cent of Type A (B) players purchase insurance in 10 or fewer rounds.  A (large) small 

subset of all players are purchasers; 34 (6) per cent of Type A (B) players attack another player 

                                                           
27 χ2(4) = 985.8, p-value = 0.000 .   
28 We are able to reject the null hypothesis that the coefficients of Cumulative Earnings Ait-1 and Cumulative 
Earnings Bit-1 are equal (χ2(1) = 6.06, p < 0.014). 
29  A means test rejects the null hypothesis that the rate of insurance buying is equal across player type (p < 0.001). 
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in more than 50 periods.  A Wilcoxon matched-pairs two sample test rejects the null hypothesis 

of no difference in the distribution of the number of insurance purchases by player type (p-value 

= 0.000).   

5.4.2 Regression Results 

In this section we consider, using regression analysis, the factors that result in a player 

choosing to purchase insurance.  Our dependent variable is Buys Insuranceit (= 1 if player i buys 

insurance in round t). We estimate two models.  In Model 1 we include player type (Type = 1 if 

type A), if the player was attacked in the previous round (was Attackedit-1 = 1 if yes), and 

player’s cumulative earnings by type (Cumulative Earnings Ait-1 and Cumulative Earnings Bit-1 ).  

A simple reading of the models of social preferences suggests that Type A players should be the 

most frequent target attacks:  Type A players have higher earnings than all of the Type B players 

and possibly some of the other Type A players.  Having previously been attacked might incline a 

player to fear of further attacks resulting in an increased probability of purchasing insurance. The 

cumulative earnings variables control for players’ income allowing us to determine if insurance 

is a normal or inferior good.  

In Model 2 we include player characteristics including Male (= 1 if yes), Economic 

Classes (= number of economics classes taken), Caucasian (=1 if yes), and GPA (= player’s self-

reported grade point average).  Finally, in both models we control for the round (Round).  See 

Table 4 for definitions of all regression variables.  The regressions are probit with random effects 

and clustering on the session.   

Table 9 reports regression results for who buys insurance.  Since a log likelihood ratio 

test rejects the null hypothesis that the coefficients for the player characteristics variables are 

jointly equal to zero, we focus our discussion on Model 2.30  After controlling for player 

characteristics, we find no difference in the probability of buying insurance by player type.  

Being attacked in the prior round has a large impact on the probability a player will purchase 

insurance in the current round; the probability of buying insurance increase by 86 per cent.  For 

both type players, insurance is an inferior good; the likelihood of buy insurance declines the 

greater is a player’s cumulative earnings.  A $1 increase in cumulative earnings reduces the 

                                                           
30 χ2(4) = 798.3, p-value = 0.000 .   
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probability of buying insurance by approximately 12 per cent and 37 per cent for A and B 

players, respectively.31   

Male players are more likely than female players to gamble that they will not be attacked.  

Males are 49 per cent less likely than females to purchase insurance than female players.32  This 

is consistent with studies that show males to be less risk averse than females.33  Taking an 

additional economics class increases the probability of buying insurance by approximately 12 per 

cent.  Caucasian players are significantly more likely (27%) to purchase insurance than are non-

Caucasian players.  The more academically successful (self-reported) students have a higher 

probability of buying insurance, by approximately 20 per cent for each one-half grade point.  

Finally, other things equal, insurance buying increases approximately 2.7 per cent per period. 

5.5 The economic cost of anti-social preferences 

People acting on their anti-social preferences harm not only the target of these actions but 

society as a whole.  Scarce resources are wasted in attempts to harm others and in attempts to 

protect against such harm.  This results in both a slowing of individuals’ wealth and the growth 

of the overall economy. 

In our experiment, resources that could have been saved or invested are wasted attacking 

others or buying insurance.  Figure 1 illustrates the potential and actual growth paths for earnings 

for both player types.34   For both player types, the actual and predicted growth paths are 

virtually identical for the first 30 periods.  With period 31, and the possibility to act on anti-

social preferences, the growth paths begin to diverge.  By period 90, potential total earnings for 

Types A and B were $32.73 and $15.88, respectively; actual average earnings of $29.06 and 

$12.70, respectively.  In total, anti-social preferences resulted in actual earnings approximately 

18 per cent smaller than potential earnings. 

6. Conclusion 

In this paper we report results from an n-period game with agents who can exhibit      

anti- social preferences.  Our study is unique in a number of aspects.  Our agents are playing with 

multiple other agents, an agent can select any one of the other agents as the focus of his anti-
                                                           
31 We are able to reject the null hypothesis that the coefficients of Cumulative Earnings Ait-1 and Cumulative 
Earnings Bit-1 are equal (χ2(1) = 23.9, p < 0.001). 
32 The marginal effects are only estimates calculated at the mean of the independent variable.  
33 See, for example, Eckel and Grossman (2008a and 2008b). 
34 Calculations of potential earnings reflect average investment rates for each player type and assume no attacks or 
insurance purchases.  Expected potential earnings per period for a type A player   = $0.364 = 0.849*[0.5*0.60 + 
0.5*0.15] + 0.151*0.30; for a type B player = $0.176 = 0.880*[0.5*0.26 + 0.5*0.10] + 0.120*0.15. 



18 

 

social actions (i.e. a financially harmful attack), and his choice can vary from period to period.  

When deciding whether or not to take some action, each agent has available the cumulative 

earnings and previous period’s earnings of every other agent.  The game is designed so that any 

agent A’s cumulative material allocation relative to any other agent B’s cumulative material 

allocation can vary from period to period.  As an n-period game, agents can adapt and learn, 

adjusting their strategies over time.   Finally, our design addresses the two negative effects of 

anti-social preferences, the wasteful expenditure of resources by one person in an attempt to 

harm another and the wasteful expenditures (i.e. buying insurance against attacks) by the targets 

of anti-social actions in an attempt to protect themselves.  

We find strong evidence of anti-social preferences.  Even though an attack on another has 

no monetary benefit, but does have a monetary cost, to the attacker, we find our subjects 

attacking approximately 25 per cent of the time.  Consistent with the theory of social preferences, 

those who were less well-off attack those who were better off.  While the poorer type Bs 

attacking the wealthier type As is common, the most frequent attack is an A(B) attacking an 

A(B).  Our regression results indicate that when an A attacks another A the attack is directed: 1) 

at a wealthier A; but 2) an A whose wealth is close to that of the attacker.  This suggests that 

attacks by As are designed to improve the relative ranking of the attacking A.  When  a B attacks 

another B the attack is directed: 1) at a poorer B; but 2) a B whose wealth is close to that of the 

attacker.  This suggests that attacks by Bs are designed to preserve the relative ranking of the 

attacking B.  When a B attacks an A, the target tends to be a less wealthy A; when an A attacks a 

B, the target tends to be a wealthier B.  There is evidence consistent with retaliatory behaviour.  

Parties attacked in the prior round are significantly more likely to attack in the current round.   

The most unique feature of our experiment design is the insurance option.  The resources 

spent on insurance are approximately twice that spent on attacks.  Not surprisingly, type A 

players, being the target of the majority of attacks, are almost twice as likely to buy insurance as 

are type B players.   For both player types, being attacked in the prior round makes players 

significantly more likely to by insurance in the current round.   

Finally, our results indicate that players acting on their anti-social preferences incur 

substantial costs.  Earnings by type A (B) players are almost $4 ($3) less than their potential 

maximum.  On average, players earn 18 per cent less than they would have if they had not acted 

on their anti-social preference. 



19 

 

References 

Abbink, K. and B. Herrmann. 2011. The moral costs of nastiness. Economic Inquiry 49: 631-33. 

Abbink, K. and A. Sadrieh. 2008. The pleasure of being nasty.  Economic letters 105: 306-08. 

Agell, J. and P. Lundberg. 1995. Theories of pay and unemployment: Survey evidence from 

Swedish manufacturing firms. Scandinavian Journal of Economics XCVII: 295-308.  

Albert, M. and V. Mertins. 2008. Participation and decision making: A three-person power-to-

take experiment. . Joint Discussion Paper Series in Economics Working Paper No. 05-

2008. 

Anderhub, V., D. Engelmann, and W. Guth. 2002. An experimental study of the repeated trust 

game with incomplete information. Journal of Economic Behavior and Organization 48: 

197-216. 

Angier, N. 2009. In pain and joy of envy, the brain may play a role. The New York Times. 

February 17. 

Beckman, S.R., J.P. Formby, W.J. Smith, and B. Zheng. 2002. Envy, malice, and pareto 

efficiency: An experimental examination. Social Choice and Welfare, 19, 349-367. 

Bewley, T. 1995. A depressed labor market as explained by participants, American Economic 

Review Papers and Proceedings 85: 250- 254.  

Biel, P.R. and N. Iriberri. 2010. Elicited beliefs and social information in modified dictator 

games:  What do dictators believe other dictators do?  Universitat Autònoma de 

Barcelona Working Paper. 

Blinder, A.S., and D.H. Choi. 1990. A shred of evidence on theories of wage stickiness. 

Quarterly Journal of Economics 105: 1003-1016.  

Bolton, G.E. and E. Katok. 1995. An experimental test for gender differences in beneficent 

behavior.  Economic Letters 48:287-92. 

Bosman, R. and F. van Winden. 2002. Emotional hazard in a power-to-take experiment.  The 

Economic Journal 112: 146-69.  

Bosman, R., H. Hennig-Schmidt, and F. van Winden. 2006. Exploring group decision making in 

a power-to-take experiment. Experimental Economics 9: 35-51. 

Campbell, Carl M., and Kunal Kamlani. 1997. The reasons for wage rigidity: Evidence from a 

survey of firms. Quarterly Journal of Economics 112: 759-789.  



20 

 

Charness, G., G. Frechette, and J.H. Kagel.  2004. How robust is laboratory gift exchange?  

Experimental Economics 7:189-205. 

Eckel, C.C. and P.J. Grossman. 1996. Altruism in Anonymous Dictator Games.  Games and 

Economic Behavior 16: 181-191. 

Eckel, C.C. and P.J. Grossman.  1998. Are Women Less Selfish than Men?  Evidence from 

Dictator Experiments.  Economic Journal 108: 726-735. 

Eckel, C.C. and P.J. Grossman. 2001. Chivalry and Solidarity:  Gender and Race in Ultimatum 

Bargaining Games.  Economic Inquiry 39 (2001):  171-188. 

Eckel, C.C. and P.J. Grossman. 2003. Rebates and Matching:  Does How We Subsidize 

Charitable Contributions Matter? Journal of Public Economics 87: 681-701. 

Eckel, C.C. and P.J. Grossman. 2004. Giving to Secular Causes by the Religious and 

Nonreligious:  An Experimental Test of the Responsiveness of Giving to Subsidies.  

Nonprofit and Voluntary Sector Quarterly 33: 271-289. 

Eckel, C.C. and P.J. Grossman.  2005. An Experimental Test of the Crowding Out Hypothesis.  

Journal of Public Economics 89: 1543-1560. 

Eckel, C.C. and P.J. Grossman. 2006a. Do Donors Care About Subsidy Type?  An Experimental 

Test.  Research in Experimental Economics 11: 157-175, JAI Press. 

Eckel, C.C. and P.J. Grossman.  2006b. Subsidizing Charitable Giving with Rebates or Matching:  

Further Laboratory Evidence.  Southern Economic Journal 72: 794-807.   

Eckel, C.C., and Grossman, P.J.  2008a.  Forecasting Risk Attitudes:  An Experimental Study of 

Actual and Forecast Risk Attitudes of Women and Men.  Journal of Economic 

Behavior and Organization 68: 1-17. 

Eckel, C.C., and Grossman, P.J.  2008b.  Men, Women, and Risk Aversion: Experimental 

Evidence.  In Handbook of Experimental Economics Results, edited by Charles R. Plott 

and Vernon L. Smith. Amsterdam:  North Holland/Elsevier Press, 2008, pp. 1061-1073.   

Eckel, C.C. and R.K. Wilson. 2004. Is Trust a Risky Decision? Journal of Economic Behavior & 

Organization 55:  447–465. 

Falk, A. 2004. Charitable Giving as a gift exchange:  Evidence for a field experiment.  Institute 

for the Study of Labor, CESifo Working Paper No. 1218. 

Fehr, E. and S. Gächter. 2000. Fairness and Retaliation:  The Economics of Reciprocity.  Journal 

of Economic Perspectives 14:159-81. 



21 

 

Fehr, E. and K.M. Schmidt. 1999. A Theory of Fairness, Competition, and Cooperation.  The 

Quarterly Journal of Economics 114:817-68. 

Forsythe, R., Horowitz, J. L., Savin, N. E., and Sefton, M. (1994). “Fairness in Simple 

Bargaining Experiments,” Games and Econ. Behav. 6, 347–369. 

Frank, P.H., T. Gilovich, and D.T. Regan. 1993. The Evolution of One-Shot Cooperation: An 

Experiment. Ethology and Sociobiology 14: 247-256. 

Güth, Werner, Rolf Schmittberger, and Bernd Schwarze. 1982. “An Experimental Analysis of 

Ultimatum Bargaining.” Journal of Economic Behavior and Organization. 3.4: 367-388. 

Gȕth, W. and Tietz, R. (1990). “Ultimatum Bargaining Behavior: A Survey and Comparison of 

Experimental Results,” J. Econ. Psych. 11, 417–449. 

Hoffman, E., McCabe, K., Shachat, K., and Smith, V. (1994). “Preference, Property Rights and 

Anonymity in Bargaining Games,” Games and Econ. Behav. 7, 346–380. 

Hoffman, E., McCabe, K., Shachat, K., and Smith, V. (1996). “Social Distance and Other-

Regarding Behavior in Dictator Games,” Amer. Economic Review 86, 653–660. 

Kagel, J., C. Kim, and D. Moser. 1996. Fairness in Ultimatum Games with Asymmetric  

Information and Asymmetric Payoffs. Games and Economic Behavior 13:100-110. 

Kahneman, D. J.L. Knetsch, and R. Thaler. 1986. Fairness as a constraint on profit seeking:  

Entitlements in the market. American Economic Review 76: 728-741. 

Ledyard, J. 1995. Public goods experiments.  In J. Kagel and A. Roth (eds), Handbook of 

Experimental Economics, Princeton, NJ: Princeton University Press. 

Mui, V. 1995. “The economics of envy.” Journal of Economic Behavior and Organization 

26:311-336. 

Oosterbeek, Hessel, Randolph Sloof, and Gijs Van de Kuilen. 2004. “Cultural Differences in 

Ultimatum Game Experiments: Evidence from a Meta-Analysis.” Experimental 

Economics 7: 171-188. 

Rabe-Hesketh, S., Skrondal, A. and Pickles, A. (2005).  Maximum likelihood estimation of 

limited and discrete dependent variable models with nested random effects. Journal of 

Econometrics 128, 301-323. 

Schoeck, H. 1969. Envy: A Theory of Social Behavior (M. Glenny & B. Ross, Eds.). New York: 

Harcourt, Brace & World, Inc. 

Smith, R. H., and S.H. Kim. 2007. Comprehending envy. Psychological Bulletin, 133: 46-64. 



22 

 

Takahashi, H., M. Kato, M. Matsuura, D. Mobbs, T. Suhara, and Y. Okubo. 2009. When your 

gain is my pain and your pain is my gain: Neural correlates of envy and schadenfreude. 

Science 323.5916: 937-939. 

Thaler, R. (1988). “Anomalies: The Ultimatum Game.” J. Econ. Perspectives 2, 195–206. 

van de Ven, N., M. Zeelenberg,  and R. Pieters. 2009. Leveling up and down: The experiences of 

benign and malicious envy. Emotion, 9: 419-429. 

Zizzo, D. J. 2003. Money burning and rank egalitarianism with random dictators. Economic 

Letters 81: 263-266. 

Zizzo, D. J., and Oswald, A. J. 2001. Are people willing to pay to reduce others’ incomes? 

Annales d’ Economie et de Statistique 63: 39-65. 



23 

 

Figure 1:  Potential and Actual Earnings Growth Paths by Player Type 
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Table 1:  End of Period Display 

Player ID Type Earnings* Cumulative Earnings* 

1 B 10 157.0 

2 A 60 420.0 

3 A 60 495.0 

4 A 60 420.0 

5 A 15 465.0 

6 A 60 405.0 

7 B 26 212.0 

8 B 26 190.0 

9 B 10 153.0 

10 B 10 121.0 

 

* - Earnings reported in cents. 
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Table 2:  Possible Outcomes and Earnings for Periods 31 to 90  

Type Save/Invest Win Harm Insure Attacked Earnings Type Save/Invest Win Harm Insure Attacked Earnings 
A Save … No No No $0.30  B Save … No No No $0.15  

A Save … Yes No No $0.25  B Save … Yes No No $0.10  

A Save … No No Yes $0.10  B Save … No No Yes ($0.05) 

A Save … Yes No Yes $0.05  B Save … Yes No Yes ($0.10) 

A Save … No Yes No $0.20  B Save … No Yes No $0.10  

A Save … Yes Yes No $0.20  B Save … Yes Yes No $0.05  

A Save … No Yes Yes $0.20  B Save … No Yes Yes $0.10  

A Save … Yes Yes Yes $0.20  B Save … Yes Yes Yes $0.05  

A Invest No No No No $0.15  B Invest No No No No $0.10  

A Invest No Yes No No $0.125  B Invest No Yes No No $0.067 

A Invest No No No Yes ($0.05) B Invest No No No Yes ($0.10)  

A Invest No Yes No Yes  ($0.075) B Invest No Yes No Yes  ($0.133) 

A Invest No No Yes No $0.125  B Invest No No Yes No $0.07  

A Invest No Yes Yes No $0.10  B Invest No Yes Yes No  $0.034 

A Invest No No Yes Yes $0.13  B Invest No No Yes Yes  $0.067 

A Invest No Yes Yes Yes $0.10  B Invest No Yes Yes Yes  $0.034 

A Invest Yes No No No $0.60  B Invest Yes No No No $0.26  

A Invest Yes Yes No No $0.50  B Invest Yes Yes No No  $0.173 

A Invest Yes No No Yes $0.40 B Invest Yes No No Yes $0.06  

A Invest Yes Yes No Yes $0.30  B Invest Yes Yes No Yes  ($0.027) 

A Invest Yes No Yes No $0.50  B Invest Yes No Yes No $0.17  

A Invest Yes Yes Yes No $0.40  B Invest Yes Yes Yes No  $0.087 

A Invest Yes No Yes Yes $0.50  B Invest Yes No Yes Yes  $0.173 

A Invest Yes Yes Yes Yes  $0.40 B Invest Yes Yes Yes Yes  $0.087 
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Table 3:  Attacked Type and Attacker Type 

  Relative Earnings (Attacked/Attacker) 
Attacker 

Type 
Attacked 

Type 
< 1 = 1 > 1 Total 

A A 308 15 522 845 
A B 373 0 0 373 
B B 186 0 323 509 
B A 0 0 619 619 

 

Table 4:  Definition of Regression Variables 

Dependent Variables Definition 

Targetijt 
= 1 if player j was targeted by player i (i≠j) for an attack in round t, 

0 otherwise 
Attackerit = 1if player i was an attacker in round t, 0 otherwise 

Buys Insuranceit = 1 if player i bought insurance in round t, 0 otherwise 
  

Independent Variables Definition 
Attacker Type =1 if attacking player is type A, 0 otherwise 
Target Type =1 if target player is type A, 0 otherwise 

Dif ijt 
Cumulative earnings (in dollars) of player j - Cumulative earnings 

of player i in period t 

Difference AAijt 
= Cumulative earnings (in dollars) of player j - Cumulative earnings 
of player i in period t if players i and j are both type A, 0 otherwise 

Difference ABijt 
= Cumulative earnings (in dollars) of player j - Cumulative earnings 
of player i in period t if players i is type A and player j is type B, 0 

otherwise 

Difference BAijt 
= Cumulative earnings (in dollars) of player j - Cumulative earnings 
of player i in period t if players i is type B and player j is type A, 0 

otherwise 

Difference BBijt 
= Cumulative earnings (in dollars) of player j - Cumulative earnings 
of player i in period t if players i and j are both type B, 0 otherwise 

Difference AAijt
2 = Difference AAijt squared 

Difference BBijt
2 = Difference BBijt squared 

WasAttackedit-1 
= 1 if player i was attacked by any other player j (j≠i) in round t-1, 

0 otherwise 
Cumulative Earnings Ait-1 = player i’s cumulative earnings in round t-1 if player i is type A 
Cumulative Earnings Bit-1 = player i’s cumulative earnings in round t-1 if player i is type B 

Malei = 1 if player i is male, 0 otherwise 
Economics Classesi = number of economics classes player i has taken 

Caucasiani = 1 if player i is Caucasian, 0 otherwise 

GPAi 
= player i's self-reported grade point average ( 0 = < 2.00; 1 = 2.00 

– 2.49; 2 = 2.50 – 2.99; 3 = 3.00 – 3.49; 4 = ≥ 3.50) 
Round = round number (t = 31, …, 90) 



27 

 

Table 5:  Who is Attacked 

Variable 
Marginal Probability Effects 

(Std. Err.) 
Model 1 Model 2 Model 3 

Target Type 
0.239*** 
(0.076) 

0.185** 
(0.076) 

0.193*** 
(0.057) 

Dif ij 
0.001 

(0.008) 
… … 

Difference AAijt … 
0.055***  
(0.020) 

0.082*** 
(0.018) 

Difference ABijt  … 
0.032** 
(0.013) 

0.039*** 
(0.010) 

Difference BAijt  … 
-0.018** 
(0.009) 

-0.020** 
(0.009) 

Difference BBijt … 
-0.018 
(0.018) 

-0.059*** 
(0.021) 

Difference AAijt
2 … … 

-0.020** 
(0.009) 

Difference BBijt
2 … … 

-0.007** 
(0.002) 

Round 
-0.010*** 

(0.002) 
-0.009*** 

(0.002) 
0.008*** 
(0.002) 

Constant 
-1.383*** 

(0.143) 
-1.632*** 

(0.117) 
-1.665*** 

(0.105) 
L.L.R. -9255 -9155 -9121 

N 
Individuals 

Sessions 

86400 
160 
16 

 

+ Dependent variable: Targetijt  = 1 if the if player j was targeted by player i (i≠j) for an attack in 
round t, 0 otherwise.   
Random effects with clustering by session. 
*** - Significant at 1% level 
**   - Significant at 5% level 
*     - Significant at 10% level 
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Table 6:  Frequency of Attacking 

Number of Times a Player Attacked Another Player 
Per cent by type 

Type A Type B 
0 28.8% 16.3% 

1 – 5 22.5% 23.8% 
6 – 10 11.3% 12.5% 
11 – 15 5.0% 11.3% 
16 – 20 5.0% 8.8% 
20 – 25 1.3% 8.8% 
26 – 30 6.3% 3.8% 
31 – 35 1.3% 5.0% 
36 – 40 1.3% 1.3% 
41 – 45 2.5% 3.8% 
46 – 50 3.8% 1.3% 
51 – 55 2.5% 1.3% 
56 – 60 8.8% 2.5% 

Average number of attacks 
(as a percentage of rounds) 

15.2 
((25.4%) 

14.1 
(23.5%) 
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Table 7:  Who Attacks+ 

 

Variable 
Marginal Probability Effect 

(Std. Err.) 
Model 1 Model 2 

Type 
0.057 

(0.124) 
0.478*** 
(0.091) 

WasAttackedit-1 
0.180*** 
(0.065) 

0.139** 
(0.069) 

Cumulative Earnings Ait-1 
-0.022*** 

(0.005) 
-0.015*** 

(0.006) 

Cumulative Earnings Bit-1 
-0.049*** 

(0.012) 
-0.033*** 

(0.013) 

Male … 
1.046*** 
(0.065) 

Economics Classes … 
0.123*** 
(0.017) 

Caucasian … 
-0.361*** 

(0.071) 

GPA … 
0.181*** 
(0.034) 

Round 
-0.025*** 

(0.004) 
-0.026*** 

(0.004) 

Constant 
0.918*** 
(0.266) 

-0.943* 
(0.258) 

L.L.R. -3039 -3022 
N 

Individuals 
Sessions 

9600 
160 
16 

+ Random effects with clustering by session. 
*** - Significant at 1% level 
**   - Significant at 5% level 
*     - Significant at 10% level 
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Table 8:  Frequency of Insurance Purchases 

Number of times a player purchased insurance 
Per cent by type 

Type A Type B 
0 6.3% 16.3% 

1 – 5 11.3% 23.8% 
6 – 10 3.8% 12.5% 
11 – 15 5.0% 11.3% 
16 – 20 6.3% 8.8% 
20 – 25 1.3% 8.8% 
26 – 30 8.8% 3.8% 
31 – 35 10.0% 5.0% 
36 – 40 3.8% 1.3% 
41 – 45 5.0% 3.8% 
46 – 50 3.8% 1.3% 
51 – 55 5.0% 1.3% 
56 – 60 5.0% 2.5% 

Average number of insurance purchases 
(as a percentage of rounds)  

 
34.1 

(56.8%) 
19.0 

(31.6%) 
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Table 9:  Determinants of who buys Insurance+ 
 

Variable 
Marginal Probability Effect  

(Std. Err.) 
Model 1 Model 2 

Type 
0.635 

(0.417) 
-0.126 
(0.397) 

Cumulative Earnings Ait-1 
-0.131*** 

(0.028) 
-0.119*** 

(0.032) 

Cumulative Earnings Bit-1 
-0.392*** 

(0.068) 
-0.365*** 

(0.073) 

Was Attacked t-1 
0.806*** 
(0.086) 

0.860*** 
(0.086) 

Male  
-0.494*** 

(0.068) 

Econ Classes  
0.117*** 
(0.018) 

Caucasian  
0.265** 
(0.107) 

GPA  
0.203*** 
(0.058) 

Round 
0.031*** 
(0.007) 

0.027*** 
(0.008) 

Constant 
0.475* 
(0.276) 

0.432 
(0.337) 

L.L.R. -3856 -3810 
N 

Individuals 
Sessions 

9600 
160 
16 

+ Random effects with clustering by session. 
*** - Significant at 1% level 
**   - Significant at 5% level 
*     - Significant at 10% level 

  
 

 


