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Abstract We investigate experimentally the effects of conflict budget on conflict intensity. We run a between-subjects Tullock contest in which we vary the contest budget from Low to Medium to High, while keeping the Nash equilibrium bid the same. We find that bids increase when the budget increase from Low to Medium, but bids decrease when the budget is further increased from Medium to High. While an error correction model can explain the first part of the relationship, it cannot the latter part. A possible explanation is that a high budget has a wealth effect, which reduces the marginal utility of winning, and as a result lower bids. To test his we further run a Wealth treatment in which the budget remains Medium, but a fixed payment independent of the contest outcome is provided. The level of conflict in the Wealth and the High treatment are not different, but the bids in the Medium treatment is higher than the Wealth treatment. We conclude that the conflict budget has a non-monotonic effect on conflict intensity. With low budget an increase in budget increases conflict due to increase in error, whereas with high budget a further increase reduces conflict due to wealth effect.
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1. Introduction Conflicts, in which individuals or groups “try to hamper, disable, or destroy rivals” (Hirshleifer, 1995), are ubiquitous. Some examples are warfare, civil disputes, ethnic clashes, terrorism and defense, gang fights, litigation and rent-seeking. Agents make sunk investments of resources in the conflict in order to win a reward such as winning a war, gaining prestige, or taking revenge. The availability of such resources, i.e., the conflict budget, is one of the most important elements that determine the intensity of conflicts, i.e., how much resource is expended. In this study we experimentally investigate this relationship between conflict budget and the intensity of conflict. One popular way to model conflict is to employ the models of contest theory (Konrad, 2009) in which agents place sunk bids that affect the probability to win a reward. In such basic model, conflict intensity is not affected by changes in available budget, as long as such budget is above the equilibrium bid. However, it is observed in the laboratory that budget may (or may not) affect behavior in a variety of non-conflict experiments investigating social dilemma (Clark, 2002), risky choices (Bosch-Domènech and Silvestre, 2006) cooperation and punishment (Kocher et al., 2008), and altruism (Chowdhury and Jeon, 2014). The effect of budget in conflict or contest literature, however, is unexplored. The theoretical predictions remain ambiguous and no experiment is run to answer this specific question. We fill in this gap in the literature. We run a contest experiment in which we vary the budget from Low to Medium to High in different treatments, but keep the Nash equilibrium bid (conflict intensity) the same. Conflict intensity first increases when conflict budget is increased from Low to Medium; but then it decreases when the conflict budget is increased from Medium to High. While an error correction model may explain the first part of the relationship, this does not apply in the latter part. We further run a Wealth treatment in which the budget remains Medium, but a fixed payment independent of the contest outcome is provided. The level of conflict in the Wealth and the High treatment are not different. We conclude that a very high conflict budget may have a wealth effect that reduces the marginal utility of winning and, as a result, reduces conflict intensity. The theoretical literature in conflict often finds a negative relationship between budget and conflict intensity. In competition for political influence, Becker (1983) finds that smaller (thus, lower budget) groups are more aggressive, and therefore more successful. Hirshleifer (1991) is one of the earliest to draw attention to this issue in a contest setting. When players can allocate budget between productive or conflictive activities, he shows that the player with a
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lower budget may expend more on conflict and earn a higher share of the exploit. He terms this phenomenon as the ‘Paradox of Power’. Durham et al. (1998) find support for this phenomenon in a laboratory experiment. Within a rent-seeking set-up in which production is not an option, Che and Gale (1997, 1998) show theoretically that imposing a cap on budget may result in an overall higher level of bidding. These studies, however, do not aim at investigating the effect of budget when other effects are absent. This is because under risk neutrality a standard contest model shows no effect of budget in conflict intensity. Schroyen and Treich (2013), hence, implement a concave utility function. They find that an increase in available budget has two counteracting wealth effects. They mention that an increase in budget “can reduce the marginal cost of effort. [...] The rich can [...] easily afford costly expenditures in a contest than the poor, other things being equal.” This increases conflict intensity as budget increases. However, an increase in the budget may also “decrease the marginal benefit of winning a contest. [...] it is marginally more beneficial for the poor to obtain the monetary reward associated with victory in a contest.” Consequently, with an increase in the budget the agents become richer and the conflict intensity decreases. Schroyen and Treich (2013, Sec. 5) show that the final outcome of these two countervailing effects is ambiguous. The second effect, in spirit, may explain the empirical evidence provided by Miguel et al. (2004), who find that a negative income shock (in terms of lack of rainfall) raises the level of conflict in subSaharan Africa.1 But the first effect is in opposite to this empirical evidence. Although a systematic investigation of the effects of budget availability has not been the focus of interest, the experimental contest literature, while investigating other questions, has often observed a positive effect of budget on conflict intensity. 2 Morgan et al. (2012) and Sheremeta (2013) document the general observation that overbidding increases with an increase in budget relative to the reward value.3 In a closely related work, Price and Sheremeta (2011) find a higher level of conflict when the budget for 20 periods of conflict are given at the start compared to giving them over the 20 periods. Sheremeta (2010, 2011) observes a decrease in conflict due to a decrease in budget but does not test the statistical significance of the effect. He
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Ciccone (2011), however, employs an alternative empirical method in the same data and finds no such relationship. Although several studies in contest experiments term the budget as ‘endowment’, we refrain from doing so in order to avoid any confusion with the psychological endowment effect (Thaler, 1980; Kahneman et al., 1991). 3 There is a large body of evidence on overbidding relative to the equilibrium in contest experiments. This phenomenon is attributed to many possible reasons such as the joy of winning (Sheremeta, 2010), bounded rationality (Sheremeta, 2011; Chowdhury et al., 2014), player heterogeneity (Herbst et al., 2015), lack of understanding of probability etc. See Sheremeta (2013) and Dechaunax et al. (2015) for surveys on this issue. 2
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explains this phenomenon with the error correction model of Quantal Response Equilibrium or QRE (McKelvey and Palfrey, 1995). These experimental studies, aimed at very different issues such as multi-stage games (Sheremeta, 2010) multi-prize games (Sheremeta, 2011), entry (Morgan et al., 2012), are not designed to test the effects of the change in budget. The results related to the effect of budget come out as a by-product of the main investigations. As a result, observations of correlations between budget and contest bids are incidental and are not tested statistically. Further, existing experimental studies usually focus on a subset of the parameter space: the budget available to subjects in contest experiments are typically lower than or equal to the reward value.4 Thus, even in the experimental literature the budget effect on conflict is not well understood. Since conflicts are an integral and often unavoidable part of human life, it is necessary to understand the reasons behind, and the behavioral underpinnings of the intensity of conflict. However, as discussed above, existing theoretical and empirical results provide only partial or ambiguous aspects regarding the effects of budget on conflict intensity. We answer to this question for the first time with a specifically designed laboratory experiment. Our finding shows that conflict budget can indeed increase as well as decrease conflict intensity. However, the increment (decline) occurs with lower (higher) budget level. Thus, our study allows both to have a better understanding of conflict behavior as well as to reconcile the two sides of the debate. The rest of the paper is organized as follows. In Section 2 we provide a theoretical benchmark for the experiment. Section 3 elaborates the experimental procedures and Section 4 reports the results. Section 5 concludes.



2. Theoretical benchmark We employ a Tullock (1980) contest in which the bids are considered as a measure of conflict intensity. As mentioned in the preceding section, Schroyen and Treich (2013, Sec. 5) consider a setting in which the agents have concave utility functions and the contest budget can be varied. They find an increase in available budget can have two opposing effects. On the one hand, a higher budget reduces the marginal cost of expending budgets, which encourages higher conflict intensity. On the other hand, a higher budget reduces the marginal benefit of winning, which discourages conflict intensity. When one considers both the effects together, unless very specific 4



There are few exceptions such as Millner and Pratt (1989) in which the budget is higher than the reward value. However, those as well are aimed at questions different from ours.
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utility functions and risk preferences are considered, the overall effect becomes ambiguous. Furthermore, standard risk preference models such as CARA, an increase in budget has no effect in conflict intensity (Schroyen and Treich, 2013; Prop. 9). Hence, while this model provides with an understanding of the possible channels through which the budget may affect the conflict intensity, it does not provide with clear prediction regarding the effects of the budget. If one considers a risk neutral utility function, then it shows no effect of the budget as long as the budget is higher than the Nash Equilibrium conflict intensity. However, if it is assumed that the agents make mistakes and a QRE model under risk neutrality is introduced, then existing result (Sheremeta, 2011) provide with cleaner predictions. Hence, in the following we first introduce a model with risk neutrality and then use the result of Sheremeta (2011) to consider the case of the QRE. This provides with specific prediction regarding the effect of conflict budget on conflict intensity that will be the basis for the Hypothesis of the experiment. We first consider a rent-seeking contest (Tullock, 1980) with 𝑁 identical risk-neutral players each with budget 𝐸 that they can use in the contest. They each also hold wealth, 𝐹, that cannot be used in the contest. Player 𝑖, for 𝑖 = 1, 2, 3, … 𝑁, chooses his bid, 𝑏𝑖 ∈ [0, 𝐸], to win a reward of common value 𝑉 > 0. There is no reward for the losers and irrespective of the outcome of the contest players forgo their bids. The probability that player 𝑖 wins the reward, 𝑝𝑖 (𝑏𝑖 , 𝒃−𝒊 ), is represented by a lottery contest success function: 𝑝𝑖 (𝑏𝑖 , 𝒃−𝒊 ) = {



𝑏𝑖 / ∑𝑗 𝑏𝑗 1/𝑁



if ∑𝑗 𝑏𝑗 ≠ 0 otherwise



(1)



That is, the probability of winning depends on player 𝑖’s own bid relative to the sum of all players’ bids, where 𝒃−𝒊 is the vector of bids by all players other than player 𝑖. Given (1), the expected payoff for player 𝑖, 𝐸(𝜋𝑖 ), can be written as 𝐸(𝜋𝑖 ) = 𝐹 + 𝑝𝑖 𝑉 + (𝐸 − 𝑏𝑖 ).



(2)



The existence and uniqueness of the equilibrium for this game are proved by Szidarovszky and Okuguchi (1997). Following standard procedures, the unique symmetric interior Nash equilibrium bid is 𝑏 ∗ = (𝑁 − 1)𝑉/𝑁 2 , and the equilibrium payoff is
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(3)



𝜋 ∗ = 𝐹 + 𝐸 + 𝑉/𝑁 2 .



(4)



We assume that the available budget is large enough, i.e., 𝐸 ≥ (𝑁 − 1)𝑉/𝑁 2 , to obtain an interior solution and also ensure the same in the experimental design. Note, further, that the equilibrium bid in (3) does not depend on individual budget (𝐸) or wealth (𝐹), but only on the value of the reward (𝑉) and the number of competing players (𝑁). Hence, as long as an interior equilibrium exists (𝑖. 𝑒. , 𝐸 > 𝑏 ∗ ), the equilibrium bid remains unchanged for any level of budget (𝐸) or any level of wealth (𝐹). One important assumption here, however, is that the agents do not make any error while making their decisions. Once we relax this assumption and consider also that the errors are not too expensive and the agents can learn from their errors, one can employ the QRE model to reconsider the effects of the budget. In such a case one can also directly reproduce the results of Sheremeta (2011). Sheremeta (2011; pp. 582) considers this judgment errors of the subjects and notes that “when subjects have large endowments [up to the prize value] then their mistakes are more likely to result in over-dissipation, whereas small endowments are more likely to result in under-dissipation”. Hence, accordingly to the QRE, as long as the budget is up to the reward value, an increase in the budget allows a higher degree of error, and as a result higher bid. However, when the budget is higher than the reward value, there is no more scope of further error, and the bid should not be affected by an increase in the budget. So, in summary, one should expect an increase in 𝐸 from 0 to until 𝑏 ∗ to increase 𝑏𝑖 . But when 𝐸(> 𝑏 ∗ ) increases even more, it will have no effect on conflict intensity (𝑏𝑖 ). This is used as the basis of our experimental hypothesis.



3. Experimental procedure and hypothesis In order to design the experiment in line with our objective, we ran three treatments in which we varied the contest budget (𝐸) while keeping everything else the same. There were two parts in each session of each treatment. Part 1 was the same in all sessions. In Part 1, subjects participated in an individual risk elicitation task a la Eckel and Grossman (2008) based on Binswanger (1981). However, the outcome of the task was not revealed until the end of the experiment. Part 2 was a repeated contest game that differed according to the treatment. Subjects were told that there would be two parts and were given instructions for Part 2 only after everyone had completed Part 1. 6



In all treatments, the base game in Part 2 was an individual Tullock contest where three players competed for a reward of 180 tokens, i.e., 𝑁 = 3 and 𝑉 = 180. Hence, the equilibrium bid (𝑏 ∗ ) was 40 tokens. The contest was repeated for 25 periods in all treatments. The equilibrium remains the same in finite repetitions of the one-shot game. In each period, players received a budget of tokens which they could use to bid for the reward. All players in a session received the same budget in each period. Players could bid any amount from zero to their budget, up to one decimal place. Once all players had entered their bids in a period, they were shown their bid, the sum of all three bids in their group, whether or not they had won the reward and their individual earnings from the period. In addition, they were shown a history table with the above information for all previous rounds. We employed a partner matching protocol, i.e., in each session three subjects were matched into one group of contestants and the matching did not change within a session. This was made clear in the instructions, copies of which are included in the Appendix. We ran five sessions for each treatment with 18 subjects in a session.5 In the experimental contests literature a partner or a random stranger matching protocol is employed interchangeably (Sheremeta, 2013). We employed a partner matching since it is useful in collecting enough number of independent observations with limited budget. Whereas for a random stranger matching the whole session produces only one independent observation, each subject-triple constitutes an independent observation for partner matching. Nonetheless, the partner matching can also have drawbacks, since subjects may not employ backward induction correctly, and repeated interaction with the same partners might bring in the issues of collusion, spite etc. Investigating the effect of matching protocol, Baik et al. (2015) find that for 3-player contests these behavioral issues are not prominent, and the choice of matching protocol does not change the bidding behavior in three-player contests. Hence, we safely employ the partner matching protocol. In our three initial treatments, we varied the contest budget (𝐸) available to players. In the ‘Low’ treatment, each subject was given 90 tokens per period which he could use to bid for the reward. The per-period budgets in the ‘Medium’ and ‘High’ treatments were 180 and 540 tokens, respectively. In all the three treatments players received no lump-sum payment, i.e., 𝐹 = 0. Table 1 summarizes the treatment details.
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Due to lower than expected show-up, a session in the High treatment had only 15 subjects. Hence, we have 30 triples for the Low and the Medium treatments and 29 triples for the High treatment. Given the partner matching design, each triple constitutes an independent observation.
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Table 1. Summary of Treatments Treatment



Budget /



Fixed



period (𝑬) Fee (𝑭)



Players /



Reward



NE bid



Total no.



group (𝑵)



value (𝑽)



(𝒃∗ )



of subjects



Low



90



0



3



180



40



90



Medium



180



0



3



180



40



90



High



540



0



3



180



40



87



Each subject participated in only one of the sessions and did not participate in any contest experiment before. Instructions were read aloud by an experimenter, after which subjects answered a quiz before proceeding to the experiment. While players compete in each of the 25 rounds, they are paid the average earning of five of these rounds chosen randomly (plus the earnings from the risk elicitation task). All subjects in a session are paid for the same five rounds. The experiment was computerized using z-Tree (Fischbacher, 2007) and was run in a laboratory of the Centre for Behavioural and Experimental Social Science at the University of East Anglia, UK. The subjects were students at the University and were recruited through the online recruiting system ORSEE (Greiner, 2015). Before the payment was made, subject demographic information (age, gender, study area etc.), and information about their experience in economics experiments were collected through an anonymous survey. Each session took around 1 hour. At the end of each session the token earnings were converted to GBP at the rate of 1 token to 3 Pence. Subjects, on average, earned £13.41. We denote bids in treatment 𝑖 as 𝑏 𝑖 and the budget in treatment 𝑖 as 𝐸 𝑖 , where 𝑖 = 𝐿, ��, 𝐻 ; i.e., Low, Medium, High. Note that 𝐸 𝐿 < 𝑏 ∗ , 𝐸 𝑀 = 𝑉 > 𝑏 ∗ , and 𝐸 𝐿 > 𝑉 > 𝑏 ∗ . A hypothesis based on risk-neutral agents with no decision error shows no difference in bids across the treatments (i.e., 𝑏 𝐿 = 𝑏 𝑀 = 𝑏 𝐻 = 𝑏 ∗ ). However, directly using the result of Sheremeta (2011), following an error correction model our hypothesis is given below. Hypothesis. The observed bids increase from Low to Medium treatments, but stays the same between Medium and High Treatments, i.e., 𝑏 𝐿 < 𝑏 𝑀 = 𝑏 𝐻 . In the following we test this hypothesis with experimental data.
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4. Results We begin by reporting descriptive statistics of bids by subject-triples (3-subject groups), averaged over the 25 periods and provide with individual level statistics and analyses later. We do so since a subject triple constitutes an independent observation. Table 2 presents the summary statistics of individual bids in each treatment. At a first glance it shows that the average bids in all the treatments are over the equilibrium prediction of 40. Moreover, bids are lower in the Low and High treatments with average bids of 46.371 and 45.855 respectively, compared to 69.548 in the Medium treatment. Table 2. Summary statistics of individual bids per treatment Independent Observations



Mean



Standard Deviation



Minimum



Maximum



Low



30



46.371



12.018



10.213



70.940



Medium



30



69.548



21.872



18.764



115.431



High



29



45.855



16.733



17.549



85.317



Treatment



Next we test the observations from Table 2 that bids in all three treatments are greater than the equilibrium bid of 40. The p-values for the non-parametric Mann-Whitney Wilcoxon signed rank (z) tests are 0.0030, 0.0001 and 0.1274 for the Low, Medium and High treatments respectively. The tests confirm overbidding in the Low and Medium treatments, but the overbidding is marginally insignificant in the High treatment. This gives our first result. Result 1. There exists significant overbidding in Low and Medium treatments, but not in the High treatment. In terms of dispersion or spread of the bids, since the strategy space is smaller in the Low treatment compared to the High and the Medium treatments, the standard deviation in the Low treatment is also smaller. In terms of level, a Kruskal-Wallis test confirms difference in bids across treatments (chi-sq with 2 df = 25.818 and p = 0.0001). We now focus for differences in bids between pairs of treatments. Table 3 reports results from the two-sided Mann-Whitney Wilcoxon rank-sum tests. It shows that bids in the Medium treatment are significantly different from bids in both High and Low treatments, but that bids in the latter two treatments are not significantly different from each other. 9



Table 3. Pairwise non-parametric (Wilcoxon rank-sum) tests Comparison



z-stat



p-value



Medium vs. Low



-4.613



0.0000



Medium vs. High



4.139



0.0000



Low vs. High



0.516



0.6062



To summarize, bids in the Medium treatment are higher than bids in the other two treatments. This is reported in the following result. Result 2. Conflict budget has a non-monotonic effect on the resulting conflict intensity. With an increase in budget from Low to Medium, conflict intensity increases; but with a further increase in budget from Medium to High, the conflict intensity decreases. Result 2 implies that our Hypothesis does not hold for the entire parameter space. The first part of Result 2, i.e., bids increase from Low to Medium can be explained with an error correction model. The main difference between the existing literature and our treatments is that in the Low treatment the available budget are lower than the reward value whereas in the High treatment they are sufficiently higher than the reward value. Hence, when we move from Low to Medium, it changes both the budget as well as the strategy space, whereas when we move from Medium to High, it changes only the budget (as bidding more than the reward value does not make sense). Given QRE, the players incur overbidding by error and the scale of the errors are constrained by the low budget of the Low treatment. When there are sufficient budget available in the Medium treatment, the constraint is relaxed and subjects make more errors in the relaxed strategy space resulting in an increase in bids. However, such models cannot explain a decrease in bids due to an increase in the budget from Medium to High, since the scope of making mistakes remains the same in those two treatments. As a result, the Hypothesis is rejected. The rejection of the hypothesis is also in contrast to the meta-analysis result of Sheremeta (2013), who finds a monotonic relationship between budgets and bids. However, Chowdhury and Moffatt (2015), using the same data of Sheremeta (2013) but with an improved econometric specification, find an inverted U-shaped relationship: i.e., with an increase in budget, bids first increase, reach a peak, and then decrease. Hence, although our result rejects the Hypothesis, it is in line with the result obtained from the meta-data of existing studies. 10



It is nevertheless important to find a plausible explanation for this empirical observation of non-monotonic relationship between the conflict budget and conflict intensity – especially for the observation that a very high budget reduces the conflict intensity. A credible explanation for this observation might be due to a wealth effect. Recall from Schroyen and Treich (2013, Sec. 5) that when viewed as wealth, an increase in the budget may reduce the marginal benefit of winning. Hence, if this effect is strong enough when the budget is abundant in the High treatment, it is plausible that the higher budget is viewed as wealth and therefore the marginal benefit of the reward becomes low - prompting the players to lower their bids. To investigate the possibility of such a wealth effect on the bidding decisions, we introduce one further treatment titled the ‘Wealth’ treatment. In this treatment subjects received the same per-period budget as in the Medium treatment, 180 tokens, that they could use to bid for the reward. However, each subject also received a one-time lump-sum payment of 360 tokens at the beginning of Part 2, i.e., 𝐹=360. This is the first time we introduced a non-zero fixed fee (𝐹) in this experiment. Subjects could not use this amount to bid for the reward. They were told that this was money they had already received as a ‘participation fee’ for this part and that they are paid this in addition to their earnings from the experiment. All these were made clear in the instructions and were again displayed on their screens at the beginning of Part 2. Further, the history screen at the end of every period contained a reminder. In particular, the following statement was displayed prominently at the top of the history table at the end of each period: “You have already received an initial participation fee of 360 tokens.” It was further reminded in the history table of the instruction in which the subjects note their bidding history every period. The details of the treatment are included in Table 4 along with the Medium treatment. Table 4. Wealth Treatment Budget /



Fixed Fee



Players /



Reward



Eqbm



Total no.



period (𝑬)



(𝑭)



group (𝑵)



value (𝑽)



bid (𝒃∗ )



of subjects



Medium



180



0



3



180



40



90



Wealth



180



360



3



180



40



90



Treatment
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Note that the Nash equilibrium bid as well as the strategy space are not affected due to the introduction of this non-zero fixed fee (𝐹) and remains the same as in the Medium treatment.6 Hence, in absence of any wealth effect, one should also expect the same bidding behavior in this treatment as in the Medium treatment. Recall as well that we paid the average payoff of 5 randomly chosen periods in each treatment. Thus, denoting 𝑡 as the randomly chosen periods to be paid, the payoff of player 𝑖 can 1



be written as: 𝐹 + 5 ∑𝑡[(𝐸 − 𝑏𝑖𝑡 ) + 𝑝𝑖𝑡 𝑉]. Hence, the payoff from each of the treatments are: 1







Low: 0 + 5 ∑𝑡[(90 − 𝑏𝑖𝑡 ) + 𝑝𝑖𝑡 180]







Medium: 0 + ∑𝑡[(180 − 𝑏𝑖𝑡 ) + 𝑝𝑖𝑡 180]



1 5



1







High: 0 + 5 ∑𝑡[(540 − 𝑏𝑖𝑡 ) + 𝑝𝑖𝑡 180]







Wealth: 360 + 5 ∑𝑡[(180 − 𝑏𝑖𝑡 ) + 𝑝𝑖𝑡 180]



1



1



It can be noted that the payoff from the high treatment can be rewritten as: 360 + 5 ∑𝑡[(180 − 𝑏𝑖𝑡 ) + 𝑝𝑖𝑡 180] – which is exactly the same as the payoff from the Wealth treatment. Hence, in case a wealth effect is present, one would expect the bidding behavior to be the same in the High and Wealth treatments. It would have been possible for us to introduce a different version of the Wealth treatment that is exactly the same as the Medium treatment, but (instead of a one-off fixed fee) in each period a fixed amount of 360 tokens - that cannot be used in the contest - is given to the subjects. The equilibrium bid and strategy space for this treatment is the same as the Medium, and the payoff is the same as the High treatment – mimicking the current Wealth treatment. We, however, decided to introduce the current frame for the following reasons. First, we believe that ‘Wealth’ becomes more salient with the current frame and implementation. Second, it is easy to interpret the one-off fee outside of the periods as a participation fee, but providing with 360 extra tokens per period that cannot be used in the contest is hard to interpret to the subjects. The average bid in the Wealth treatment is 46.639 tokens with the standard deviation of 16.607. The minimum and maximum (average) individual bids in the Wealth treatment in a period are 11.105 and 71.453 respectively. Comparing this with Table 2 (which shows that the average bids in the Low, Medium and High treatments are 46.371, 69.548, and 45.855) it indeed 6



Further, since, as in the Medium treatment, the budget per period is the same as the reward value, the Wealth treatment will also control for any possible ‘focality’ that the subjects may have in the Medium treatment.
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appears that the average bids are similar in the High and the Wealth treatments, but they are different when we consider the Wealth and the Medium treatments. To test the significance of these results, a Kruskal-Wallis test for joint difference among all 4 treatments confirms difference in distributions (p = 0.0001). Further, Table 5 reports the results of pairwise Wilcoxon rank-sum tests that investigate whether bids in the Wealth treatment are different from bids in the other three treatments. It confirms that average bids in the High and Wealth treatments are not different; but the average bids in the Medium are significantly different than in the Wealth treatment. This, hence, enables us to provide an explanation for Result 2. It confirms that the high level of budget in the High treatment has a net wealth effect that presumably reduces the marginal utility of winning; and as a result reducing the bids. Table 5. Non-parametric (Wilcoxon rank-sum) tests of pairwise comparison Comparison



z-stat



p-value



Medium vs. Wealth



4.214



0.0000



High vs. Wealth



-0.576



0.5645



Low vs. Wealth



-0.296



0.7675



Note, though, that these results are obtained at the independent observation (i.e., subjecttriple) level. To investigate whether the results are robust at the individual level, we first report Figure 1 that shows the average individual bids over bid range and across rounds in all treatments. In the continuation we report regression results at an individual level.
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Figure 1. Average individual bids over bid range and over time
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The left panel of Figure 1 shows the distribution of average individual bids across the bid range by treatments. Note that for Low treatment the maximum bid can be 90, whereas it is higher for the other three treatments. For each treatment most of the bids are concentrated between 40 and 80 and there are only a few bids made at the reward value (180). It can also be observed that bids in the higher range are more frequent in the Medium treatment than the other three. To examine whether the bids are concentrated in some particular periods, the right panel plots the average individual bids over periods. Overall it seems to support the existing results that for all treatments bids go down over time, but still stay over the equilibrium bid. To add to the literature we find that the bids in the Medium treatment are consistently the highest in all periods. The analyses thus far concentrated on subject-triple bids or individual bids, but could not control for any other relevant factors such as repeated games dynamics or subjects demography. Although isolating the analysis from these factors may still provide with important information about treatment effects, it is important to test the robustness of the results with such controls. Hence, to test whether these results are robust at the individual level, Tables 6 presents random effects panel regressions of individual bid in a period on treatment dummies, our main variables of interest. However, we also control for other possible factors. The first set includes the standard repeated contests controls (see the survey by Dechenaux et al., 2015) for past outcomes within the triple: the individual’s bid in the previous period, an indicator for whether or not the individual won the contest in the previous period and the sum of the bids of the others in the triple in the previous period. We further control for an individual’s demographic characteristics: an indicator for risky behavior,7 an indicator for a graduate student (i.e., if age ≥ 21 years), a female gender dummy and the number of experiments the individual has participated in in the past (experience). We report robust standard errors clustered on independent triples. The first column in Table 6 reports a regression with dynamic game controls in which the baseline treatment is Medium. As expected, we find that compared to Medium all the treatments significantly reduce individual bids. The dynamic game controls show signs in line with the existing literature. The next column reports the same regression, but also with demographic controls. The direction and significance of the results remain the same and only age turns out to be significant. The regressions reaffirm that the result of the non-monotonic effect of conflict budget is robust; and that individual bids are lower with wealth, i.e., when subjects are richer. The risk elicitation task had six options (1–6) with increasing order of risk – see Instructions Part 1. The risky behavior indicator takes the value 1 for subjects who chose option 4–6 and 0 otherwise. The results are robust to alternative definitions of the indicator. 7
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Table 6. Comparisons of treatments Dep Var: 𝑏𝑖𝑡 Lag bid Lag win Lag others bid Period Low High Wealth



(1) No Demographic Controls 0.495*** (0.0301) 1.837* (1.024) 0.0425*** (0.0157) -0.125** (0.0538) -9.488*** (2.128) -10.49*** (2.226) -9.774*** (2.238)



Risky Behavior Age Female Experience Constant Observations



30.29*** (3.208) 8568



(2) With Demographic Controls 0.493*** (0.0299) 1.700* (1.023) 0.0429*** (0.0155) -0.126** (0.0540) -9.409*** (2.142) -10.81*** (2.242) -9.980*** (2.237) -0.0875 (1.426) -0.235* (0.133) 2.037 (1.585) 0.186 (0.131) 33.72*** (4.409) 8568



Dependent variable: Individual bid in each period. Robust standard errors clustered on independent subject-triples (groups) are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.



Although the regression results confirm that individual bids in Medium is higher than that of all the other three treatments, those do not corroborate whether the bids in the Wealth treatment are different from that of the High treatment. To investigate this, we run (pairwise) post-regression tests for differences among Low, Medium and Wealth. For both the regressions, the tests results show that there is no significant difference among bids in Low, Medium and Wealth treatments (p > 0.35 for each of these tests).8



8



We also run regressions that compare pairwise the bids in different treatments. All the results reported above are still supported with the pairwise regressions. The regression results are available from the authors upon request.
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The outcomes from Tables 3, 5, and 6 along with the explanations are summarized in the following result. Result 3. Conflict budget has a non-monotonic effect on conflict intensity. When the budget is scarce, an increase in the budget provides the agents with a bigger strategy space that allows higher level of errors. Hence, with an increase in budgets conflict intensity increases. However, when the budget is abundant, the budget is viewed as wealth - reducing the marginal utility of the reward. Hence, conflict intensity decreases with a further increase in budgets. Our result provides a common platform for both the existing results discussed in the literature, and shows that both hold true in different mutually exclusive circumstances. Conflict budget can have two counteracting effects. As found in the existing experimental literature, an increase in the budget allows for higher level of error and can increase conflict intensity. However, as raised in the theoretical literature, it may also have a wealth effect that reduces conflict. Theory does not provide with a clear indication about when this effect may dominate, and it remains an empirical question. We show that it dominates when the budget is high. Although it is not our primary focus of the analysis, it is useful to investigate any possible treatment effect on the bid spread (dispersion). If the spreads are too different across treatment, then it will warrant further investigation in this area. To investigate this, we first provide in Table 7 with the standard deviation of individual bids across treatments and by 5 periods blocks. It can be easily observed that Low treatment has lower spread (due to smaller strategy space) than other treatments. A test shows that only Medium and Low have a marginally significant difference (p = 0.08) in standard deviations, but there is no difference among any other treatments. Table 7. Mean within-group standard deviation of individual bids



Treatment Low



Periods Obs. [1, 5] [6, 10] [11, 15] [16, 20] 30 24.005 25.623 23.990 27.334



[21, 25] 27.473



All periods 25.685



Medium



30



35.969 43.290



42.353



43.109



42.408



41.426



High



29



43.429 32.263



34.436



31.135



35.501



35.353



Wealth



30



32.384 36.228



32.915



31.306



33.119



33.190
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The result in Table 7 is at the subject-triple level. To understand the difference in spread at an individual level, and to investigate within-treatment as well as between-treatment spread in bids in Figure 2 we employ an accepted technique in the literature used in Chowdhury et al. (2014). This figure is a collection of individual boxplots of bids, ordered ascendingly by median bids (indicated by black dots). Following Chowdhury et al. (2014) “by focusing on the [black dots], one can read off the cumulative empirical distribution of the median choices across subjects, while by focusing on the boxplots themselves, one can get a sense of the degree of within-subject variation in behavior.” The vertical line shows the Nash equilibrium level of bid. Figure 2. Bid spread across treatments Low Medium
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Not very surprisingly, this result shows that the individual bid spread is the lowest in the Low treatment (due to smaller strategy space) and the highest in the Medium treatment (due to higher bid level). No other differences can be observed. We, hence, conclude that the spread is not affected by the treatment when the strategy space is the same across treatments.
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5. Discussion We investigate the effects of conflict budget on conflict intensity. We run a betweensubject Tullock (1980) contest experiment in which we systematically vary the budget that can be used in the experimental task while keeping the Nash equilibrium bid the same. The bids in the contest reflect the conflict intensity. Existing results observe an increase in contest bids due to an increase in the budget and this is explained with QRE: with higher budget the strategy space increases and the subjects make more mistakes. It also predicts that when the budget is more than the reward value, an increase in budget will have no effect on the bids. The results from our experiment show that, ceteris paribus, when the budget is increased form Low to Medium, the bids increase. However, when the budget is increased further from Medium to High, the bids decrease. The first part of the result matches with that in Sheremeta (2010, 2011), and the meta-analysis in Sheremeta (2013) and can be explained with error correction models such as the QRE. However, such error correction models cannot explain the second part of the result in which bids decrease with an increase in the budget. This result, however, is in line with the meta-analysis of Chowdhury and Moffatt (2015) who find an inverted U-shaped relationship between the budget and the bids. This result is also reminiscent of the ‘backward bending supply curve of labor’ (Pigou, 1920), which suggests that as the wage rate increases, labor supply will first increase and when the wage rate is sufficiently high, the labor supply will decrease. This was later supported in a laboratory experiment by Dickinson (1999). The majority of the literature explains this phenomenon with the diminishing marginal utility of income. In the same spirit, Schroyen and Treich (2013) show that under certain conditions, an increase in the budget can have two countervailing effects in conflict behavior. It can decrease the opportunity cost of bidding or decrease the marginal benefit of winning (while viewed as wealth). The second factor reduces bidding with an increase in budget. We consider that our apparently puzzling result of non-monotonic effect of the budget on bidding can be explained if the second factor as mentioned by Schroyen and Treich (2013) is in effect. We investigate this possibility by introducing another treatment in which the budget remains moderate, but the subjects are provided with a fixed fee (wealth) that could not be used in conflict. It turns out that the conflict intensity in this treatment is not different from that in the high budget treatment. This further means that when budget are abundant, they have a wealth effect on contestants.
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There are several implications of this result. First, this contributes to the conflict literature. Following the results, for the same value of a reward (a crucial assumption in our setting), one would expect to observe more conflict in medium income societies than in poor or rich societies. Hirshleifer (1995), in a very different setting, states that conflict is more attractive option for the relatively poor people. We extend this argument by showing that even without an option for production, a very high conflict budget may result in less conflict due to wealth effect. Hence, ceteris paribus, the availability of more budget for conflict would not necessarily monotonically escalate the conflict intensity. Our result also contributes to the contest literature by showing that when a wealth effect is strong, the existing results might change. Third, it contributes to the literature on the effects of fixed-fee on experimental subjects’ behavior by extending it to a contest game. It is possible to extend this research in various interesting avenues. Since wealth or budget change symmetrically in our experiment, a natural next step would be to investigate if wealth or budget inequality increases or decreases conflict. It would also be interesting to test the effects of changes in wealth on conflict intensity. A specifically designed experiment replicating the two countervailing effects as mentioned in Schroyen and Treich (2013) would contribute nicely to the literature. Finally, it would be worthwhile investigating these issues with field data.



19



References Baik, K. H., Chowdhury, S. M., & Ramalingam, A. (2015). Group Size and Matching Protocol in Contests. University of East Anglia CBESS Discussion paper No. 13-11R. Becker, G.S. (1983). A Theory of Competition Among Pressure Groups for Political Influence. Quarterly Journal of Economics, 98(3), 371-400. Binswanger, H.P. (1981). Attitudes Toward Risk: Theoretical Implications of an Experiment in Rural India. Economic Journal, 91(364), 867-890. Bosch-Domènech, A., & Silvestre, J. (2006). Do the Wealthy Risk More Money? An Experimental Comparison. In C. Schultz & K. Vind, eds., Institutions, Equilibria and Efficiency: Essays in Honor of Birgit Grodal, Springer-Verlag, Berlin, 95-106. Che, Y.K., & Gale, I. (1997). Rent Dissipation when Rent Seekers are Budget Constrained. Public Choice, 92(1-2), 109-126. Che, Y.K., & Gale, I.L. (1998). Caps on Political Lobbying. American Economic Review, 88(3), 643-651. Chowdhury, S.M., & Jeon, J. (2014). Impure Altruism or Inequality Aversion?: An Experimental Investigation Based on Income Effects, Journal of Public Economics, 118, 143-150. Chowdhury, S. M., & Moffatt, P. G. (2015). Overbidding and heterogeneous behavior in contest experiments: A comment on the endowment effect, University of East Anglia CBESS Discussion paper No. 15-17. Chowdhury, S. M., Sheremeta, R. M., & Turocy, T. L. (2014). Overbidding and overspreading in rent-seeking experiments: Cost structure and prize allocation rules. Games and Economic Behavior, 87, 224-238. Ciccone, A. (2011). Economic Shocks and Civil Conflict: A Comment. American Economic Journal: Applied Economics, 3(4), 215-227. Clark, J. (2002). House money effects in public good experiments. Experimental Economics, 5(3), 223-231. Dechenaux, E., Kovenock, D., & Sheremeta, R. M. (2015). A survey of experimental research on contests, all-pay auctions and tournaments. Experimental Economics, 609-669. Dickinson, D.L. (1999). An Experimental Examination of Labor Supply and Work Intensities. Journal of Labor Economics, 17(4), 638-670. Durham, Y., Hirshleifer, J., & Smith, V.L. (1998). Do the Rich Get Richer and the Poor Poorer? Experimental Tests of a Model of Power. American Economic Review, 88 (4), 970-83. Eckel, C.C., & Grossman, P.J. (2008). Forecasting Risk Attitudes: An Experimental Study Using Actual and Forecast Gamble Choices, Journal of Economic Behavior & Organization, 68 (1), 1–17. Fischbacher, U. (2007). z-Tree: Zurich Toolbox for Ready-made Economic Experiments. Experimental Economics, 10 (2), 171-178. Greiner, B. (2015). Subject Pool Recruitment Procedures: Organizing Experiments with ORSEE. Journal of the Economic Science Association, 1(1), 114-125.



20



Herbst, L., Konrad, K. A., & Morath, F. (2015). Endogenous group formation in experimental contests. European Economic Review, 74, 163-189. Hirshleifer, J. (1991). The Paradox of Power. Economics & Politics, 3(3), 177-200. Hirshleifer, J. (1995). Theorizing About Conflict. In T. Sandler, & K. Hartley (Eds.), Handbook of Defense Economics, 1, 165-189. Kahneman, D., Knetsch, J.L., & Thaler, R.H. (1991). Anomalies: The Endowment Effect, Loss Aversion, and Status Quo Bias. Journal of Economic Perspectives, 5(1), 193-206. Kocher, M., Martinsson, P., & Visser, M. (2008). Does Stake Size Matter for Cooperation and Punishment? Economics Letters, 99 508–511. Konrad, K.A. (2009). Strategy and Dynamics in Contest. Oxford: Oxford University Press. McKelvey, R., & Palfrey, T. (1995). Quantal Response Equilibria for Normal Form Games. Games and Economic Behavior, 10(1), 6–38. Miguel, E., Satyanath, S., & Sergenti, E. (2004). Economic Shocks and Civil Conflict: An Instrumental Variables Approach. Journal of Political Economy, 112(4), 725-753. Millner, E.L. and Pratt, M.D. (1989). An Experimental Investigation of Efficient Rent-seeking. Public Choice, 62(2), 139-151. Morgan, J., Orzen, H., & Sefton, M. (2012). Endogenous entry in contests. Economic Theory, 51(2), 435-463. Pigou, A.C. (1920). The Economics of Welfare, Part I. Cosimo Classics, New York. Price, C.R., & Sheremeta, R.M. (2011). Endowment Effects in Contests. Economics Letters, 111, 217-219. Schroyen, F., & Treich, N. (2013). The Power of Money: Wealth Effects in Contests. NHH Dept. of Economics, Discussion Paper 13. Sheremeta, R.M. (2010). Experimental Comparison of Multi-stage and One-stage Contests. Games and Economic Behavior, 68(2), 731-747. Sheremeta, R.M. (2011). Contest Design: An Experimental Investigation. Economic Inquiry, 49(2), 573-590. Sheremeta, R.M. (2013). Overbidding and Heterogeneous Behavior in Contest Experiments, Journal of Economic Surveys, 27, 491–514. Szidarovszky, F., & Okuguchi, K. (1997). On the Existence and Uniqueness of Pure Nash Equilibrium in Rent-Seeking Games. Games and Economic Behavior, 18, 135-140. Thaler, R. (1980). Toward a Positive Theory of Consumer Choice. Journal of Economic Behavior & Organization, 1(1), 39-60. Tullock, G. (1980). Efficient Rent Seeking. In J.M. Buchanan, R.D. Tollison, & G. Tullock, (Eds.), Toward a Theory of the Rent-Seeking Society. Texas A&M University Press, College Station, TX, 97-112.



21



Appendix: Instructions GENERAL INSTRUCTIONS This is an experiment in the economics of decision making. This experiment consists of two unrelated parts. Instructions for the first part are given next and the instructions for the second part will be provided after the first part of the experiment is finished. The instructions are simple. If you follow them closely and make appropriate decisions, you can earn an appreciable amount of money. It is very important that you remain silent and do not look at other people’s work. If you have any questions, or need assistance of any kind, please raise your hand and an experimenter will come to you. If you talk, laugh, exclaim out loud, etc., you will be asked to leave and you will not be paid. We expect and appreciate your cooperation. Experimental Currency is used in the experiment and your decisions and earnings will be recorded in tokens. At the end of today’s experiment, you will be paid in private and in cash. Tokens earned from both parts of the experiment will be converted to Pound Sterling at a rate of:



_1_ token to _3_ Pence (£0.03).



22



INSTRUCTIONS – PART 1 In this task, you will be asked to choose from six different gambles (as shown below). Each circle represents a different gamble from which you must choose the one that you prefer. Each circle is divided in half, with the number of tokens that the gamble will give you in each circle.



Your payment for this task will be determined at the end of today’s experiment. A volunteer will come to the front of the room and toss a coin. If the outcome is heads, you will receive the number of tokens in the light grey area of the circle you have chosen. Alternatively, if the outcome is tails, you will receive the number of tokens shown in the dark grey area of the circle you have chosen. Note that no matter which gamble you pick, each outcome has a 50% chance of occurring. Please select the gamble of your choice by clicking one of the “Check here” buttons that will appear on each circle in the picture Once you have made your choice, please click the “Confirm” button at the bottom of the screen. For your record, also tick the gamble you have chosen in the above picture. Once everyone has made their decision, this task will end and we will move on to Part 2 of the experiment. Your payment for this task will be decided at the end of today’s experiment.
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INSTRUCTIONS – PART 2 (for Low) YOUR DECISION This part of the experiment consists of 25 decision-making periods. At the beginning, you will be randomly and anonymously placed into a group of 3 participants. The composition of your group will remain the same for all 25 periods. You will not know who your group members are at any time.



Each period you will receive an initial endowment of 90 tokens. Each period, you may bid for a reward of 180 tokens. You may bid any number between 0 and 90 (including 0.1 decimal points). An example of your decision screen is shown below.



YOUR EARNINGS For each bid there is an associated cost equal to the bid itself. The cost of your bid is: Cost of your bid = Your bid
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The more you bid, the more likely you are to receive the reward. The more the other participants in your group bid, the less likely you are to receive the reward. Specifically, your chance of receiving the reward is given by your bid divided by the sum of all 3 bids in your group:



Your bid Sum of all 3 bids in your group



Chance of receiving the reward =



You can consider the amounts of the bids to be equivalent to numbers of lottery tickets. The computer will draw one ticket from those entered by you and the other participants, and assign the reward to one of the participants through a random draw. If you receive the reward, your earnings for the period are equal to your endowment of 90 tokens plus the reward of 180 tokens minus the cost of your bid. If you do not receive the reward, your earnings for the period are equal to your endowment of 180 tokens minus the cost of your bid. In other words, your earnings are:



If you receive the reward: Earnings = Endowment + Reward – Cost of your bid = 90 + 180 – your bid



If you do not receive the reward: Earnings = Endowment - Cost of your bid = 90 – your bid



An Example (for illustrative purposes only) Let’s say participant 1 bids 30 tokens, participant 2 bids 45 tokens and participant 3 bids 0 tokens. Therefore, the computer assigns 30 lottery tickets to participant 1, 45 lottery tickets to participant 2 and 0 lottery tickets to participant 3. Then the computer randomly draws one lottery ticket out of 75 (30 + 45 + 0). As you can see, participant 2 has the highest chance of receiving the reward: 0.60 = 45/75. Participant 1 has 0.40 = 30/75 chance and participant 3 has 0 = 0/75 chance of receiving the reward. Assume that the computer assigns the reward to participant 1, then the earnings of participant 1 for the period are 240 = 90 + 180 – 30, since the reward is 180 tokens and the cost of the bid is 30. Similarly, the earnings of participant 2 are 45 = 90 – 45 and the earnings of participant 3 are 90 = 90 – 0.
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At the end of each period, your bid, the sum of all 3 bids in your group, your reward, and your earnings for the period are reported on the outcome screen as shown below. Once the outcome screen is displayed you should record your results for the period on your Personal Record Sheet (page 4) under the appropriate heading.



IMPORTANT NOTES At the beginning of this part of the experiment you will be randomly grouped with another two participants to form a 3-person group. You will not be told which of the participants in this room are assigned to which group. At the end of the experiment the computer will randomly choose 5 of the 25 periods for actual payment for this part of experiment. You will be paid the average of your earnings in these 5 periods. These earnings in tokens will be converted to cash at the exchange rate of _1_ token to _3_ Pence (£0.03) and will be paid at the end of the experiment. Are there any questions?
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Personal Record Sheet (5 periods from here will be randomly chosen for final payments)



Period



Your bid



Sum of all 3 bids in your group



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Your reward



Your earnings for this period



Total Earnings Period Chosen



Earnings for this period



Total



Total earnings from table above:



(1)



Average of above earnings: (1) ÷ 5



(2)



Earnings from Part 1:



(3)



Total earnings



(4)



(2) + (3)



Multiply by exchange rate:



(4) × 0.03



Total payment for the experiment:



£
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QUIZ 1. Does group composition change across periods in the experiment?



Ans.



Yes



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



6 Pence



9 Pence



Questions 3 to 7 apply to the following information.



In a given period, suppose the bids by participants in your group are as follows.



Bid of participant 1: 55 tokens Bid of participant 2: 70 tokens Bid of participant 3: 10 tokens



3. What is the chance that participant 1 will receive the reward? Ans.



_______



out of ________



4. What is the chance that participant 2 will receive the reward? Ans.



_______



out of ________



5. What is the chance that participant 3 will receive the reward? Ans.



_______



out of ________



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. ___________ tokens



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. ___________ tokens
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EXPLANATIONS FOR QUIZ ANSWERS



1. Does group composition change across periods in the experiment? Ans.



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



3. What is the chance that participant 1 will receive the reward? Ans.



55 out of 135.



4. What is the chance that participant 2 will receive the reward? Ans.



70 out of 135.



5. What is the chance that participant 3 will receive the reward? Ans.



10 out of 135.



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. 35 tokens (= Endowment – bid = 90 – 55)



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. 200 tokens (= Endowment + Reward – Bid = 90 + 180 – 70)
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INSTRUCTIONS – PART 2 (for Medium) YOUR DECISION This part of the experiment consists of 25 decision-making periods. At the beginning, you will be randomly and anonymously placed into a group of 3 participants. The composition of your group will remain the same for all 25 periods. You will not know who your group members are at any time.



Each period you will receive an initial endowment of 180 tokens. Each period, you may bid for a reward of 180 tokens. You may bid any number between 0 and 180 (including 0.1 decimal points). An example of your decision screen is shown below.



YOUR EARNINGS For each bid there is an associated cost equal to the bid itself. The cost of your bid is: Cost of your bid = Your bid
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The more you bid, the more likely you are to receive the reward. The more the other participants in your group bid, the less likely you are to receive the reward. Specifically, your chance of receiving the reward is given by your bid divided by the sum of all 3 bids in your group:



Your bid Sum of all 3 bids in your group



Chance of receiving the reward =



You can consider the amounts of the bids to be equivalent to numbers of lottery tickets. The computer will draw one ticket from those entered by you and the other participants, and assign the reward to one of the participants through a random draw. If you receive the reward, your earnings for the period are equal to your endowment of 180 tokens plus the reward of 180 tokens minus the cost of your bid. If you do not receive the reward, your earnings for the period are equal to your endowment of 180 tokens minus the cost of your bid. In other words, your earnings are:



If you receive the reward: Earnings = Endowment + Reward – Cost of your bid = 180 + 180 – your bid



If you do not receive the reward: Earnings = Endowment - Cost of your bid = 180 – your bid



An Example (for illustrative purposes only) Let’s say participant 1 bids 30 tokens, participant 2 bids 45 tokens and participant 3 bids 0 tokens. Therefore, the computer assigns 30 lottery tickets to participant 1, 45 lottery tickets to participant 2 and 0 lottery tickets to participant 3. Then the computer randomly draws one lottery ticket out of 75 (30 + 45 + 0). As you can see, participant 2 has the highest chance of receiving the reward: 0.60 = 45/75. Participant 1 has 0.40 = 30/75 chance and participant 3 has 0 = 0/75 chance of receiving the reward. Assume that the computer assigns the reward to participant 1, then the earnings of participant 1 for the period are 330 = 180 + 180 – 30, since the reward is 180 tokens and the cost of the bid is 30. Similarly, the earnings of participant 2 are 135 = 180 – 45 and the earnings of participant 3 are 180 = 180 – 0.
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At the end of each period, your bid, the sum of all 3 bids in your group, your reward, and your earnings for the period are reported on the outcome screen as shown below. Once the outcome screen is displayed you should record your results for the period on your Personal Record Sheet (page 4) under the appropriate heading.



IMPORTANT NOTES At the beginning of this part of the experiment you will be randomly grouped with another two participants to form a 3-person group. You will not be told which of the participants in this room are assigned to which group. At the end of the experiment the computer will randomly choose 5 of the 25 periods for actual payment for this part of experiment. You will be paid the average of your earnings in these 5 periods. These earnings in tokens will be converted to cash at the exchange rate of _1_ token to _3_ Pence (£0.03) and will be paid at the end of the experiment. Are there any questions?
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Personal Record Sheet (5 periods from here will be randomly chosen for final payments)



Period



Your bid



Sum of all 3 bids in your group



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Your reward



Your earnings for this period



Total Earnings Period Chosen



Earnings for this period



Total



Total earnings from table above:



(1)



Average of above earnings: (1) ÷ 5



(2)



Earnings from Part 1:



(3)



Total earnings



(4)



(2) + (3)



Multiply by exchange rate:



(4) × 0.03



Total payment for the experiment:



£
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QUIZ 1. Does group composition change across periods in the experiment?



Ans.



Yes



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



6 Pence



9 Pence



Questions 3 to 7 apply to the following information.



In a given period, suppose the bids by participants in your group are as follows.



Bid of participant 1: 55 tokens Bid of participant 2: 70 tokens Bid of participant 3: 10 tokens



3. What is the chance that participant 1 will receive the reward? Ans.



_______



out of ________



4. What is the chance that participant 2 will receive the reward? Ans.



_______



out of ________



5. What is the chance that participant 3 will receive the reward? Ans.



_______



out of ________



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. ___________ tokens



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. ___________ tokens
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EXPLANATIONS FOR QUIZ ANSWERS



1. Does group composition change across periods in the experiment? Ans.



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



3. What is the chance that participant 1 will receive the reward? Ans.



55 out of 135.



4. What is the chance that participant 2 will receive the reward? Ans.



70 out of 135.



5. What is the chance that participant 3 will receive the reward? Ans.



10 out of 135.



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. 125 tokens (= Endowment – bid = 180 – 55)



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. 290 tokens (= Endowment + Reward – Bid = 180 + 180 – 70)
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INSTRUCTIONS – PART 2 (for High) YOUR DECISION This part of the experiment consists of 25 decision-making periods. At the beginning, you will be randomly and anonymously placed into a group of 3 participants. The composition of your group will remain the same for all 25 periods. You will not know who your group members are at any time.



Each period you will receive an initial endowment of 540 tokens. Each period, you may bid for a reward of 180 tokens. You may bid any number between 0 and 540 (including 0.1 decimal points). An example of your decision screen is shown below.



YOUR EARNINGS For each bid there is an associated cost equal to the bid itself. The cost of your bid is: Cost of your bid = Your bid
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The more you bid, the more likely you are to receive the reward. The more the other participants in your group bid, the less likely you are to receive the reward. Specifically, your chance of receiving the reward is given by your bid divided by the sum of all 3 bids in your group:



Your bid Sum of all 3 bids in your group



Chance of receiving the reward =



You can consider the amounts of the bids to be equivalent to numbers of lottery tickets. The computer will draw one ticket from those entered by you and the other participants, and assign the reward to one of the participants through a random draw. If you receive the reward, your earnings for the period are equal to your endowment of 540 tokens plus the reward of 180 tokens minus the cost of your bid. If you do not receive the reward, your earnings for the period are equal to your endowment of 540 tokens minus the cost of your bid. In other words, your earnings are:



If you receive the reward: Earnings = Endowment + Reward – Cost of your bid = 540 + 180 – your bid



If you do not receive the reward: Earnings = Endowment - Cost of your bid = 540 – your bid



An Example (for illustrative purposes only) Let’s say participant 1 bids 30 tokens, participant 2 bids 45 tokens and participant 3 bids 0 tokens. Therefore, the computer assigns 30 lottery tickets to participant 1, 45 lottery tickets to participant 2 and 0 lottery tickets to participant 3. Then the computer randomly draws one lottery ticket out of 75 (30 + 45 + 0). As you can see, participant 2 has the highest chance of receiving the reward: 0.60 = 45/75. Participant 1 has 0.40 = 30/75 chance and participant 3 has 0 = 0/75 chance of receiving the reward. Assume that the computer assigns the reward to participant 1, then the earnings of participant 1 for the period are 690 = 540 + 180 – 30, since the reward is 180 tokens and the cost of the bid is 30. Similarly, the earnings of participant 2 are 495 = 540 – 45 and the earnings of participant 3 are 540 = 540 – 0.
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At the end of each period, your bid, the sum of all 3 bids in your group, your reward, and your earnings for the period are reported on the outcome screen as shown below. Once the outcome screen is displayed you should record your results for the period on your Personal Record Sheet (page 4) under the appropriate heading.



IMPORTANT NOTES At the beginning of this part of the experiment you will be randomly grouped with another two participants to form a 3-person group. You will not be told which of the participants in this room are assigned to which group. At the end of the experiment the computer will randomly choose 5 of the 25 periods for actual payment for this part of experiment. You will be paid the average of your earnings in these 5 periods. These earnings in tokens will be converted to cash at the exchange rate of _1_ token to _3_ Pence (£0.03) and will be paid at the end of the experiment.



Are there any questions?
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Personal Record Sheet (5 periods from here will be randomly chosen for final payments)



Period



Your bid



Sum of all 3 bids in your group



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Your reward



Your earnings for this period



Total Earnings Period Chosen



Earnings for this period



Total



Total earnings from table above:



(1)



Average of above earnings: (1) ÷ 5



(2)



Earnings from Part 1:



(3)



Total earnings



(4)



(2) + (3)



Multiply by exchange rate:



(4) × 0.03



Total payment for the experiment:



£
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QUIZ 1. Does group composition change across periods in the experiment?



Ans.



Yes



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



6 Pence



9 Pence



Questions 3 to 7 apply to the following information.



In a given period, suppose the bids by participants in your group are as follows.



Bid of participant 1: 55 tokens Bid of participant 2: 70 tokens Bid of participant 3: 10 tokens



3. What is the chance that participant 1 will receive the reward? Ans.



_______



out of ________



4. What is the chance that participant 2 will receive the reward? Ans.



_______



out of ________



5. What is the chance that participant 3 will receive the reward? Ans.



_______



out of ________



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. ___________ tokens



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. ___________ tokens
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EXPLANATIONS FOR QUIZ ANSWERS



1. Does group composition change across periods in the experiment? Ans.



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



3. What is the chance that participant 1 will receive the reward? Ans.



55 out of 135.



4. What is the chance that participant 2 will receive the reward? Ans.



70 out of 135.



5. What is the chance that participant 3 will receive the reward? Ans.



10 out of 135.



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. 485 tokens (= Endowment – bid = 540 – 55)



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. 650 tokens (= Endowment + Reward – Bid = 540 + 180 – 70)
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INSTRUCTIONS – PART 2 (for Wealth) YOUR DECISION At the beginning of this part of the experiment you have received a participation fee of 360 tokens. This part of the experiment consists of 25 decision-making periods. At the beginning, you will be randomly and anonymously placed into a group of 3 participants. The composition of your group will remain the same for all 25 periods. You will not know who your group members are at any time. Each period you will receive an initial endowment of 180 tokens. Each period, you may bid for a reward of 180 tokens. You may bid any number between 0 and 180 (including 0.1 decimal points). An example of your decision screen is shown below.



YOUR EARNINGS For each bid there is an associated cost equal to the bid itself. The cost of your bid is: Cost of your bid = Your bid
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The more you bid, the more likely you are to receive the reward. The more the other participants in your group bid, the less likely you are to receive the reward. Specifically, your chance of receiving the reward is given by your bid divided by the sum of all 3 bids in your group:



Your bid Sum of all 3 bids in your group



Chance of receiving the reward =



You can consider the amounts of the bids to be equivalent to numbers of lottery tickets. The computer will draw one ticket from those entered by you and the other participants, and assign the reward to one of the participants through a random draw. If you receive the reward, your earnings for the period are equal to your endowment of 180 tokens plus the reward of 180 tokens minus the cost of your bid. If you do not receive the reward, your earnings for the period are equal to your endowment of 180 tokens minus the cost of your bid. In other words, your earnings are:



If you receive the reward: Earnings = Endowment + Reward – Cost of your bid = 180 + 180 – your bid



If you do not receive the reward: Earnings = Endowment - Cost of your bid = 180 – your bid



An Example (for illustrative purposes only) Let’s say participant 1 bids 30 tokens, participant 2 bids 45 tokens and participant 3 bids 0 tokens. Therefore, the computer assigns 30 lottery tickets to participant 1, 45 lottery tickets to participant 2 and 0 lottery tickets to participant 3. Then the computer randomly draws one lottery ticket out of 75 (30 + 45 + 0). As you can see, participant 2 has the highest chance of receiving the reward: 0.60 = 45/75. Participant 1 has 0.40 = 30/75 chance and participant 3 has 0 = 0/75 chance of receiving the reward. Assume that the computer assigns the reward to participant 1, then the earnings of participant 1 for the period are 330 = 180 + 180 – 30, since the reward is 180 tokens and the cost of the bid is 30. Similarly, the earnings of participant 2 are 135 = 180 – 45 and the earnings of participant 3 are 180 = 180 – 0.
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At the end of each period, your bid, the sum of all 3 bids in your group, your reward, and your earnings for the period are reported on the outcome screen as shown below. Once the outcome screen is displayed you should record your results for the period on your Personal Record Sheet (page 4) under the appropriate heading.



IMPORTANT NOTES At the beginning of this part of the experiment you will be randomly grouped with another two participants to form a 3-person group. You will not be told which of the participants in this room are assigned to which group. At the end of the experiment the computer will randomly choose 5 of the 25 periods for actual payment for this part of experiment. You will be paid the average of your earnings in these 5 periods. These earnings in tokens will be converted to cash at the exchange rate of _1_ token to _3_ Pence (£0.03) and will be paid at the end of the experiment.



Are there any questions?



47



Personal Record Sheet (You have already received 360 tokens as participation fee. 5 periods from here will be randomly chosen for final payments)



Period



Your bid



Sum of all 3 bids in your group



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Your reward



Your earnings for this period



Total Earnings Period Chosen



Earnings for this period



Total



Total earnings from table above:



(1)



Average of above earnings: (1) ÷ 5



(2)



Earnings for Part 1:



(3)



Participation fee: Total earnings



360



(2) + (3) + (4)



(4) (5)



Multiply by exchange rate:



(5) × 0.03



Total payment for the experiment:



£
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QUIZ 1. Does group composition change across periods in the experiment?



Ans.



Yes



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



6 Pence



9 Pence



Questions 3 to 7 apply to the following information.



In a given period, suppose the bids by participants in your group are as follows.



Bid of participant 1: 55 tokens Bid of participant 2: 70 tokens Bid of participant 3: 10 tokens



3. What is the chance that participant 1 will receive the reward? Ans.



_______



out of ________



4. What is the chance that participant 2 will receive the reward? Ans.



_______



out of ________



5. What is the chance that participant 3 will receive the reward? Ans.



_______



out of ________



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. ___________ tokens



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. ___________ tokens
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EXPLANATIONS FOR QUIZ ANSWERS



1. Does group composition change across periods in the experiment? Ans.



No



2. What is the value of 1 token in Pence?



Ans.



3 Pence



3. What is the chance that participant 1 will receive the reward? Ans.



55 out of 135.



4. What is the chance that participant 2 will receive the reward? Ans.



70 out of 135.



5. What is the chance that participant 3 will receive the reward? Ans.



10 out of 135.



6. If you are Participant 1 and you did not receive the reward what are your earnings this period?



Ans. 125 tokens (= Endowment – bid = 180 – 55)



7. If you are Participant 2 and you received the reward what are your earnings this period? Ans. 290 tokens (= Endowment + Reward – Bid = 180 + 180 – 70)
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