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1. Introduction
This paper employs a new elicitation mechanism to investigate the extent to which voting

decisions are affected by the distribution of benefits and costs resulting from proposed public
programs. Majority-voting rules are used extensively in modern democracies, by representative
legislative bodies and increasingly in ballot initiatives (referenda), to determine the provision of
public goods. Such programs and their funding often impose unequal costs and benefits on
individuals. If voters have social preferences, we should expect their decisions to be influenced
by the perceived or actual impact of the voting outcome on others. Our ultimate objective is to
better understand the behavior of individuals in voting situations, discern which alternative
theory(ies) of social preferences appear to best explain the data, and gain insights into the
efficiency of voting mechanisms.

The first experiment we present attempts to determine if voting for the provision of a
public good under a majority voting rule is consistent with the prediction of the rational selfish
voter model. Two treatments are compared. In the first, groups of three participants vote for or
against a proposal that has a uniform tax (cost) but provides one of three different levels of
known, induced rewards (heterogeneous values) to each participant --high, medium, and low. In
the second treatment, all participants pay a uniform tax and receive the same reward
(homogeneous values) if the program receives a majority vote. This experiment shows that a
voter facing the prospect of a low reward and high cost of provision is more likely to vote for the
program if others stand to receive benefits that exceed the cost of the good. Similarly, high
reward voters are more likely to vote against a proposal that costs less than their value if it
imposes a cost above the value of others. In other words, there appears to be a systematic voting

anomaly borne from an individual’s assessment of the impact of the program on others.



One way of exploring the origins of this observed voting behavior would be to collect a
large number of yes/no votes for a particular program but at different implementation costs to
trace out the demand function and estimate the tax level at which various individuals switch their
vote. The sample sizes required for this approach are cost-prohibitive. As an alternative, we
propose the Random Price Voting Mechanism (RPVM), which is best thought of as a
generalization of the incentive-compatible Becker-DeGroot-Marshack (BDM) mechanism
(1964). In contrast to the dichotomous choice format, which very crudely bounds an individual’s
value, the RPVM elicits a point estimate of value. We show that the RPVVM elicits preferences
consist with dichotomous choice elicitation. Further, we show it is demand revealing, even in the
presence of social preferences.

The RPVM extends the private good BDM mechanism to a public good setting by
implementing the public good whenever a majority of subjects indicate a maximum WTP greater
than or equal to a randomly selected price, and where all subjects, regardless of their personal
WTP, must pay this random price. In the WTA setting, subjects indicated their minimum WTA
and if the majority of offers less than or equal to the randomly selected compensation, then all
subjects, regardless of their personal WTA, must accept this amount. This coercive tax feature
closely parallels referenda settings. In addition, the mechanism, which can be used both for
induced gains and induced losses, enables estimation of the magnitude and type of social
preferences in making choices in coercive tax environments.

The remainder of the paper is organized as follows. The Section 2 presents Experiment 1
which tests for anomalies in voting when subjects have known heterogeneous values. Section 3
demonstrates the theoretically demand revealing nature of the RPVM and derives testable

hypotheses of the effects various theories of social preferences on the behavior of subjects in a



coercive tax setting. We then describe the design of induced value tests of the RPVM for WTP
and WTA, for gains and losses, and for private and public goods in Section 4. Results are
presented in Section 5. We conclude with a discussion of the implications of the research for
public policy and future research.

2. Evidence of Distributional Effects on VVoting Decisions

A thin empirical literature on the determinants of voting patterns in real ballots suggests the
presence of non-selfish considerations in the voter’s decision-making process (Mueller, 1989;
Holmes, 1990; Shabman and Stephenson, 1994). In this section, we establish the existence of
voting anomalies in simple dichotomous (yes/no) voting laboratory experiments. These
experiments, as well as the RPVM experiments discussed later, were conducted in the
Laboratory for Experimental Economics and Decision Research at Cornell University using
students drawn from undergraduate economics and business classes.

The first experiment employed 174 subjects to explore the effects of heterogeneous
versus homogeneous values on voting (see Appendix A for experiment instructions). All subjects
were placed in groups of three voters and given an initial endowment of $10. In each decision
task, the subject was assigned one of three possible induced values: $2, $5, or $8. This is the
amount that the individual would receive if the majority of group members vote in favor. Each
participant makes six voting decisions where her own value, the value of other group members,
and the implementation cost vary across decisions. Exactly one participant received each of the
$2, $5, and $8 values in heterogeneous value decisions. To minimize learning effects, only one
voting outcome was binding and this was determined after all decisions were made.

Two experimental designs were employed, one where all decision tasks involved

heterogeneous distributions (Table 1) and the other which involved heterogeneous and



homogenous tasks (Table 2). The order of the first two induced values, $2 and $8, are reversed in
the two sessions. In Session A, the 1% vote for each subject ($2 induced value) is combined with
the 3" vote ($5 induced value) from one other subject and the 4™ vote ($8 induced value) of a
third subject to determine the outcome of the group vote. The design for votes on programs with
equal values of $2 or $8 is constructed similarly (Table 2). The extra four votes are not needed
to complete the voting triplets. These additional votes are used to explore heterogeneous values
for the $5 individuals. (NOTE: | have no idea what this last sentence means)

Variations in the level of the uniform tax were set to favor detection of non-selfish
behavior. The $7.50 tax is used to examine the behavior of the $8 voters, the $4.50 and $5.50
amounts are charged with measuring anomalies in subjects with a $5 induced value, while a
$2.50 tax could detect non selfish or irrational behavior in the $2 value subjects.

Figure 1 provides a comparison of voting in homogenous and heterogeneous conditions
by subjects with a $2 induced value facing a $2.50 tax and those with a $8 induced values facing
an tax of $7.50. When $2 subjects were in homogenous value groups ($2, $2, $2), 5.7% of
subjects voted in favor of the program compared to 18.6% in the heterogeneous value case ($2,
$5, $8). Using a t-test, this difference is statistically significant at the 1% level. For $8 value
subjects facing a uniform tax of $7.50 on everyone, 86.4% vote in favor of the program when
everyone stands to gain $8 while only 73.3% vote yes when the distribution of benefits is ($2,
$5, $8). This difference is significant at the 3% level.

In contrast, the behavior of the $5 value individuals is quite similar across homogeneous
and heterogeneous setting, yielding no statistical differences at tax rates of either $4.50 or $5.50.
In particular, for the higher cost of $5.50, 8.2% of subjects voted yes in the homogeneous

treatment, while 12.2% votes yes in the heterogeneous treatment (p=0.505). For the lower cost



of $4.50, 92.3% votes yes in the homogeneous treatment, while 84.6% votes yes in the
heterogeneous treatment (p=0.288). (Note: there is a disconnect here — | do not see any decision
tasks in Table 2 with homo $5 distribution and costs of either $4.50 or $5.50. Most likely there is
a typo for the 6" decision in both sessions)

The detection of statistical differences in the behavior of the $2 and $8 subjects across
value settings is an important indication that distributional considerations impact the utility of
voters and their choices. In the heterogeneous value case, a tax of $7.50 would impose a loss of
$2.50 on subjects with a $5 value and a loss of $5.50 on subjects with a $2 value. The results
could indicate that subjects are concerned that they may impose losses on others (either all
others, the “average” other subject or the worst of them). Similarly, the results of the $2 subjects
would be consistent with those voters getting positive utility from the gains of others. Such a
voting pattern is consistent with the conjecture made by Johansson et al (1996) in a stated
preference study on the value of statistical life. They argued that pure altruism (also referred to
as efficiency) implies that high value voters will lower their votes in consideration of voters who
stand to gain less (or even lose).

In the next section, we introduce a more effective mechanism and develop theoretical
predictions of behavior for it. The mechanism will subsequently allow us to explore voting
patterns in greater depth, and attempt to discriminate between alternative forms of social
preferences motivating the subjects.

3. Theoretical Analysis and Testable Hypotheses
In this section, we formally introduce the Random Price VVoting Mechanism and develop
theoretical predictions of bidding behavior for it. In order to efficiently measure the preferences

of individuals in the context of a voting environment, a mechanism is needed that is transparent



and lends itself to single-shot elicitation of individuals maximum WTP and minimum WTA for
parallel public goods. The mechanism proposed here meets these requirements by combining the
private goods BDM mechanism with majority-rule voting.

For private goods, the BDM mechanism (Becker et al. 1964) is incentive compatible and
shows strong demand revealing properties (Irwin et al. 1998). The mechanism eliminates the
incentives for strategic bidding as subjects only have to pay the randomly determined cost if their
bid is greater than or equal to this cost, thereby making the true statement of maximum WTP (or
minimum WTA) a dominant strategy. Laboratory experiments have further demonstrated the
incentive compatibility and transparency of majority voting (see, for example, Plott and Levine
1978) and the binary discrete choice format has long been known to be incentive compatible
(Farguharson 1969). These properties extend to the mechanism developed in this section.

For ease of exposition, we present in some detail the derivations and theoretical
predictions for the case where the game is played in the WTP for gains domain, and for the case
where individuals have “social welfare” motives (Charness and Rabin, 2002). These results are
readily extended to the other three Hicksian measures (WTP to avoid a loss and WTA a loss or
forego a gain) and for all three other forms of preferences considered in this paper (Maximin,
ERC and FS). Results for all those permutations are summarized in Table 3.

Consider a situation where N individuals are asked to express the maximum amount of

money they would be prepared to pay for an initiative defined simply by a known vector of
values [1=(7,,7,,..., 7 ). The elements of the vector represent the individual gains to be
received by the N individuals if the initiative is implemented, but the public program that is

submitted to a “vote” has two components: 1) the induced values that would result, and 2) a

transfer payment (C) from individuals to the implementing authority.



For the group to implement the program, a plurality (50%+1) of individuals must have
expressed a WTP that exceeds a per-person cost C. As in the private BDM, this cost is randomly

drawn from a distribution over the interval [0,C__ ] after individuals have signaled their WTP.

(In what follows, we develop theoretical predictions and implement the mechanism
experimentally using a uniform distribution. We also refer to individual i’s signal as his “bid”
and denote it with B). If a majority of bids are greater than or equal to C, individual i receives a
monetary payoff z, —C (which could be negative) to be added to an initial endowment Y. If the
majority of bids is below C, no program is implemented and subjects retain their initial
endowment.

An individual has “social welfare” preferences if his utility is increasing (decreasing) in

the gains (losses) of others. Thus, we posit that the total utility of individual i is given by

( \
U, = ULY +7,-C+ Z(ai (7, - C))J , Where o, >0 is a parameter indicating the intensity with

=i
which the utility of individual i is affected by the gains and losses of others. The term in the
summation allows for the fact that subjects may have positive preferences for the benefits that
others receive from the implementation of the program. Heterogeneity across subjects is
admitted through individual values of ¢;. In particular, a purely selfish individual is
characterized by o, =0.

To compute the Bayesian Nash Equilibrium bid of individual i, it is useful to rank order
the bids of all n-1 other individuals. Define By, as the bid that ranks as the Integer ((n+1)/2)th

largest of those bids (for n=3 this is the smallest of the other two bids). It is also useful to define

B as the Round ((n—1)/2) ™ largest bid (for n=3, this identifies the largest of the other two bids).



The interval [Br, , B ] defines the range over which the bid of voter i makes this
individual have a marginal influence on the outcome of the game (in a probabilistic sense, it
makes him the median voter). To see this, consider i’s expected utility (where B are the bids

from all other individuals in the voting group):

EVU,(B.B )= Bj p(C)U (Y +7-C +Z(ai (x, —C))J dc

j=i

+? p(C)U (Y+7zi—c+2(ai-(7fj —C))j dc (1)
+f p(C)U (Y )dC + fx p(C)U (Y )dC

The first term denotes the expected utility conditional on the randomly drawn cost being
below By, In this case, i’s bid is completely irrelevant to the outcome since a sufficient number
of other voters exist who are willing to pay at least the drawn cost C to implement the program.

The second and third terms cover the interval over which the bid of individual i will have

a marginal effect on the probability that the program will be implemented. Here, B, is effectively

the median bid (again, in a stochastic sense). By increasing his bid, individual i increases the
upper bound of the range of costs that a plurality of voters is prepared to pay (second term), and
decreases the range over which the project is not implemented (third term). The last term is the
interval for which no matter how high individual i’s bid is, the program will not be implemented
since strictly fewer than half of the other players are prepared to pay a cost in that interval.

In searching for equilibrium bidding strategies, we limit our attention to the family of

affine strategies. Individual i conjectures that individuals m and k choose bids of the form

Bm=7m[ﬂm+2amﬂjj (2
j=m



and

Bk=7k(7zk+2ak 72'1}. 3)

j=k
Where y, and y,, are positive constants, the exact value of which is defined by the equilibrium

solution below. Substituting these expressions in Equation 1 and maximizing by choosing B;

yields the first order condition:

j#i

p(BI){_U (Y)+U (Y + 7T — Bi +Z(ai .(ﬂ-j _ B,))]}:O (4)

This equation has a degenerate solution p(B,) =0 (where Bis set equal to the lower

support of the cost distribution). Assuming concavity of the utility function, there is also an
interior maximum whereby individual i chooses his bid so as to equate utility under the two

alternative states of the world (the program is funded or it is not). This optimal bid is given by:

B = (5)

This optimal strategy has the same form as the priors of individual i regarding the bidding
strategies of individuals m (Equation 2) and k (Equation 3) if one sets y, =]/(1+(N —l)ai) . Thus,
if all N players adopt the linear conjecture and bid accordingly, their conjectures are proved
correct and (5) constitutes a symmetric Bayesian Nash Equilibrium. Note that an individual’s
optimal bid does not require knowledge of the «; s of other individual.

A number of characteristics lead directly to testable behavioral predictions.

1) The standard individual BDM is a special case that can be recovered from the voting

mechanism. To see this, set N=1 in Equation 5. This yields the well-known BDM

incentive compatibility result: B =7, .
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2) The model predicts that if the payoffs are identical across subjects (z; = 7, V] ), the
optimal strategy is for individual i to bid an amount equal to his own personal payoff
(B" =) . Inthis case, the individual sensibly recognizes that if he were to bid above

the common value, the resulting increase in the probability that the program will be
funded is, in equilibrium, simply increasing the possibility that the program will be
implemented at a cost exceeding value. This could result in a net loss for all subjects,
making bids above value irrational. Similar reasoning leads to the conclusion that
bidding below the common value is also sub-optimal individually and collectively.
3) Any change in the vector that increases total gains for the group draws an increase in

the optimal individual bid. The two relevant derivatives establishing this result

*

B___a . 6)
oz, 1+(N-1q,

and
OB
e B 7
on ()

4) By extension, increasing (decreasing) the sum of other’s payoffs increases (decreases)
the optimal bid. For our purposes, this implies that individual i should increase
(decrease) his bid when going from a situation where 7, = z; = 7 Vj to one where all
payoffs other than his are increased (decreased). Similarly, changes in the payoffs of
others (only) that leave the sum of payoffs unchanged (that preserves the mean of the
payoffs of others) would have no impact on B]. These predictions are summarized in

Table 3.

3.1 WTA and Losses
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The theory can easily be reinterpreted to describe the optimal bidding strategy for an
individual expressing his minimum willingness to accept (WTA) compensation to forego gains.
In this case, C represents the randomly determined compensation to be paid to abandon a

program defined by the vector []. B; denotes the smallest amount that individual i would accept.

If a majority of bids are less than or equal to C, compensation C is paid, but the gains [] that

were to be received are not. Thus, the utility level is U (Y +C +aiZCj. Otherwise, the

j#i
program the program is not implemented and utility is U (Y + 7, -I-aiZﬂ'J} :
j#i

Re-deriving the optimal bid strategy yields exactly the result of Equation 5, and thus, all
theoretical predictions follow. Some care should be taken, however, in interpreting the results.
Here, the vector [] represents individual opportunity costs of implementing the compensation
program. Thus, an increase in this opportunity cost (to any player) implies a decrease in the
social value of the compensation offer and thus an increase in the minimum acceptable level of
compensation required by voters.

Similar exercises can be conducted to derive the optimal strategy for the Willingness to
Accept compensation for a program that imposes a loss and for the Willingness to Pay for a
program that eliminates such a loss. Once again, care must be exercised to ensure proper
interpretation of the theoretical predictions, but algebraically, Equation 5 is exactly replicated in
both cases and the same comparative static results follow.

3.2 Alternative Forms of Other-Regarding Preferences

Similar approaches can be followed to analyze the optimal bidding strategies under

alternative structures for other-regarding preferences. Of particular interest in this paper are three

other utility functions that our experimental data will allow us to compare against the social
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efficiency alternative. They are the maximin utility (Charness and Rabin, 2002) (MM), a version
of Bolton and Ockenfels (2000) (ERC) theory of equity, and Fehr and Schmidt (1998) (FS)
inequity aversion preferences.

If an individual has maximin preferences, his utility depends on his own payoff as well as
on the (potential) gains or losses of the individual who stands to gain the least (lose the most).
Someone with preferences for equity gets disutility from distributions of payoffs that exhibit
deviations about the mean. In ERC preferences, one’s disutility stems directly from a comparison
between one’s payoff and the mean of everyone’s payoff. This generates a situation where there
is no disutility if one stands to obtain exactly the mean payoff. In contrast, FS preferences
postulate that any inequity in a distribution generates personal disutility.

For brevity, we forego the detailed exposition of the derivations for the three additional
utility formulations and four Hicksian measures. Table 3 provides a summary of behavioral
predictions. Table 3 must be interpreted with some care. The basic formulation (Column 2) is
given for WTP for Gains where 7 > 0 and C>0. Thus, the optimal bid (Column 3) is a positive
amount and the behavioral prediction (Column 4) is readily interpreted. For the other cases, the

optimal bid formula and the behavioral predictions are written for the absolute values of =,

z;and C and therefore positive values for B". Take the following example with three individuals
and a homogenous distribution of payoffs ($2, $2, $2). These could be gains or losses depending
on the context. In all cases, however, the predicted bid is B =$2 for all players. This optimal bid

represents alternatively the maximum WTP to secure a gain of $2 or to avoid a loss of $2; or the
minimum WTA a loss or forego a gain. For heterogeneous distributions, consider the vector ($2,

$5, $8) as an example and lets now review each of the preferences’ predictions.



13

3.2.1 Social Welfare

For the social welfare preferences formulation, an individual with a $2 induced value is
predicted to bid an amount greater than $2, in the WTP cases. This is reasonable, since the
individual values the high benefits to others and is thus prepared to incur a personal cost to
increase the probability that the program will be implemented. For the same reason, the
minimum amount of compensation the $2 individual requires is more than the amount he risks to
lose or forego because this also increases the probability that the program will be implemented
and that the others who have more at stake than he does will benefit from the program. Thus,
regardless of the scenario, we recognize the “smallest z” as the smallest absolute induced value,

be it a gain or a loss).

3.2.2 Maximin

In the case of maximin preferences, it is necessary to identify who in the group is
potentially made worse off by the implementation of the program. In WTP cases, the person who
potentially gains the least (loses the most) from the program is the one with the smallest induced

value (=, =%$2 in our example). This is true regardless of whether the WTP is for a gain of $2 or

to avoid a loss of $2. The program has little benefits for this individuals and he could even have
to pay a hefty price C for it. The prediction is that this person will bid $2 and others, who have a
larger stake in the program will bid less than there induced value in order to reduce the
probability that a loss will be imposed on the $2 individual.

In WTA scenarios, the individual with a high absolute induced value is the one

potentially made the worst off by the program. If the program is implemented, they have to

forego the largest gain or suffer the largest lost. Thus, for our example, 7, =$8 in the WTA

cases. The prediction is then that those with lower induced values will set B > 7, since doing so
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in a WTA scenario, in an effort to reduce the probability of imposing welfare costs on the $8
individual.
3.2.3 ERC Preferences

Individuals with equity preferences also present a particular pattern of optimal bidding.
Any program that results in an inequitable distribution of payoffs produces individual disutility
for all subjects who do not receive a payoff equal to the mean. In other words, all programs with
heterogeneous distributions of induced values will generate disutility for those who do not have a
payoff equal to the mean. In the gains domain, individuals will therefore be willing to pay less
than their private value for a program that provides additional income, they would also require a
smaller amount of compensation to forego such gains since foregoing the personal gains also
relieves them of the disutility of the inequitable distribution.

The opposite is true in the losses domain. Individuals will require more than their private
value in compensation to accept a loss since compensation must also cover the inequity cost

resulting from of the program. Similarly, individuals other than ones with a mean z; would be

willing to pay more than their value to avoid a loss, since once again, the heterogeneity of losses
entails additional disutility.
3.2.4 FS Preferences

With FS preferences, all individuals (even one with a payoff equal to the mean) gets
disutility from a heterogeneous distribution. What drives the disutility is a direct comparison of
one’s payoff with that of other individuals rather than with the mean payoff. A second difference
with ERC comes from the fact that FS preferences allow for different valuations of positive and
negative differences between individual payoffs. Fehr and Schmidt postulate that individuals are

less affected by differences in their favor than by situations where they are the poor party in the
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comparison (a situation that would be characterized by «; > £,). Itis readily deduced that all

individuals in any game with heterogeneous distributions will be willing to pay less than their
induced value for gains and willing to accept less than induced value to forego a gain unequal to
that of others. By the same logic, all individuals will be willing to pay more than induced value
to avoid a loss, and require greater compensation to accept a loss that also carries a disutility cost
from inequity.

4. Experimental Design

To test the theories outlined above, an additional 276 subjects volunteered for the experiments
and were recruited from a variety of undergraduate economics courses. Each session consisted of
either two WTP experiments: WTP-Gains and WTP-Losses (n=138) or two WTA experiments:
WTA-Gains and WTP-Losses (n=138), thereby representing all four welfare settings. All
sessions consisted of four parts; an example session is as follows:

Part A: WTP-Losses, low-incentive private BDM rounds where the cost is
determined and payoffs calculated at the end of each round.

Part B: WTP-Losses, high-incentive private and public RPVM treatments where
the treatment and cost which result in earnings is determined at the end of
the experiment.

Part C: WTP-Gains, low-incentive private BDM rounds where the cost is
determined and payoffs calculated at the end of each round.

Part D: WTP-Gains, high-incentive private and public RPVM treatments where
the treatment and cost which result in earnings is determined at the end of
the experiment.

To control for potential order effects, whether the two gains scenarios were encountered

first varied across sessions. Further, Part B and Part D varied the order of the treatments with

respect to induced gains or losses, the amount of the induced values, voting group size, and the

distribution of values among group members. In public RPVM treatments subjects were
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provided complete information about the payoff amounts of the other subjects. To prevent
deterioration of other-regarding behavior that can occur in voluntary public good mechanisms
(Davis and Holt 1993), subjects submitted bids for the public treatments (Part B and Part D)
without feedback. At the end of the experiment one of the nine RPVM programs was
implemented from both Part B and Part D by having the subjects draw from a bag of marked
poker chips. The exchange rate for Part A and Part C was fifteen experimental dollars for one US
dollar, while the exchange rate for Part B and Part D was one experimental dollar for one US
dollar. The experiment lasted approximately two hours and the average payoff was $35.

Subjects received written instructions (Appendix B). As part of the verbal protocol, they
were permitted to ask questions at the beginning of each part of the experiment. The instructions
used language parallel to that found in surveys for referendum voting settings (Boyle 2003).
(Note: the Carson et al. working paper was a weird cite!) The WTP instructions directed each
subject to vote whether to fund a program by submitting a bid that represented the “highest
amount that you would pay and still vote for the program.” The WTA instructions directed each
subject to vote whether to implement a program by submitting an offer that represents the *“lowest
amount of compensation that you would accept and still vote against the program.” Each subject
was seated at an individual computer equipped with a privacy shield. Subjects were assigned into
voting groups of varying size of either one or three. For the groups of three, the administrators
announced the groups and asked each group member to raise their hand so that they could be
identified by other members of their group. This ensured that subjects were aware of who was in
their voting group for all treatments. No communication was allowed.

For simplicity, consider the WTP-Gains experiment. In each round, subjects started with

an initial balance of $10 and were assigned an induced value ($1, $2, $4, $5, $6, $8 or $9).
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Subjects then decided how much to bid ranging from zero to the entire initial balance. After the
subjects submitted their bids, the cost for the program was determined. This cost was determined
by using a random numbers table with values from zero to nine. The first random number from
the table represented the dollars amount, the second number the dimes amount, and the third
number the pennies amount. For example, if the first random number was a four, the second was
a nine, and the third a four, the determined cost would have been $4.94. Consequently, the cost
was uniformly distributed between $0.00 and $9.99 with discrete intervals of $0.01.

The RPVM operated in much the same way as the traditional private good BDM
mechanism with a couple of key differences. In the RPVVM a majority of votes (based on the
amount of each individual’s bid) determines whether the program is funded. Consequently,
treatments with group size of one are identical to the private good BDM as each subject’s bid
constitutes a majority. In WTP-Gain treatments, if the majority of the bids are greater than or
equal to the randomly determined cost, then the program is funded. In this case, all of the
subjects in the voting group receive their personal payoff amount in addition to the initial
balance, but also have to pay the determined cost. If the majority of bids are less than the
randomly determined cost, then the program is not funded. In this case, all of the subjects in the
voting group neither receive their personal payoff amount nor pay the cost, and thus, the subjects
receive only their initial balance.

For each welfare treatment, the majority of the public good treatments with
heterogeneous values were conducted with symmetric distributions — i.e. $2, $5, $8 (93 subjects
each). To help identify the alternative social welfare measures, experiments were also conducted
that had public good treatments with heterogeneous values with asymmetric distributions —i.e.

$4, $5, $9 (45 subjects each).
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In the private good treatments, a subject’s optimal strategy is to submit a bid equal to her
induced value. Due to the discrete costs, another optimal strategy is to submit a bid which is one
penny less than the induced value. For the voting groups of three subjects, the majority rule
introduced a coercive tax element, because if a majority of the group submitted bids greater than
or equal to the randomly determined price, then everyone had to pay the price regardless of their
individual bids. This coercive element is highlighted in the heterogeneous treatments where
majority rule can force a low value subject to pay a cost that was greater than their value or could
deny a high value subject benefits that he would have otherwise obtained in a private treatment.

For the WTP-Losses experiments if a majority of the bids is less than the random cost,
the program is not funded. Consequently, all group members have their personal loss amount (-
$1, -$2, -$4, -$5, -$6, -$8 or -$9) deducted from their initial balance of $10. If the majority of
bids are greater than or equal to the determined cost, the program is funded and all voting group
members have to pay the determined cost from their initial balance of $10 but do not have the
personal loss amount deduced. For WTP-Losses, the same logic holds as the majority rule could
force a low value subject to pay a higher cost then their induced value and the high value subject
may be denied the opportunity of paying a cost lower than their induced value. The logic of how
the vote creates a coercive tax element in for both the induced gains and induced losses
treatments is identical in the WTA-Gains and WTA-Losses experiments.

For the WTA experiments, the subjects submit offers which represented the lowest
amount of compensation they would accept where the optimal offers are either the induced value
or one penny above it. The induced gains and losses are the same as the WTP setting and the
possible compensation again ranges from $0.00 to $9.99. To avoid income effects, the initial

balance is $5 which made the expected earnings in the WTA setting equivalent to the WTP
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setting. In WTA-Gains, an offer is the lowest amount a subject would accept to vote against the
program which otherwise would provide the subject a gain. If the majority of the offers are less
than or equal to the random compensation, then the program is not implemented and all voting
group members receive the compensation in addition to their initial balance. If the majority of
the offers re greater than the random compensation, the program is implemented and the group
members receive their personal payoff amount in addition to their initial balance.

In contrast, in WTA-Losses, an offer represents the lowest amount a subject would accept
to vote in favor of the program, which forces the subject to pay the induced loss if funded.
Therefore, if the majority of offers are less than or equal to the random compensation, the
program is implemented and all group members receive the compensation and the initial balance
but have to pay their induced losses. If the majority of the offers are greater than the random
compensation, the program is not implemented and all group members keep their initial balance.
5. Results
Similar to other studies using the BDM mechanism (Boyce et al. 1992; Irwin et al. 1998), the
goal of the low-incentive rounds was to give subjects an opportunity to gain experience with the
mechanism before introducing additional complexities to the decision environment. Repeated
low incentive private BDM rounds provided subjects an opportunity to receive feedback on how
their bids and offers affected their payoff. Over ten practice rounds, subjects bids/offers
converged towards induced value, starting at $0.69 above induced value in the first round and
declining by 70% to only $0.21 above induced value in the tenth round (Figure 1). For the WTP
practice rounds, the average bid decreased from $0.67 to $0.25 above induced value (an
improvement of 63%). For the WTA practice rounds, the average bid decreased from $0.72 to

$0.17 above induced value (an improvement of 76%). Overall, while learning was obviously
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taking place during practice rounds, by the last practice round subjects were submitting bids that
were statistically indistinguishable from their induced values in all four welfare settings. (Note

that we eventually will need to state how these tests were conducted)

5.1 Comparing RPVM with Dichotomous Choice Voting

In the public good treatments with symmetric, heterogeneous value distributions, the
resulting pattern of bids appears similar to what is observed earlier in the case of dichotomous
choice voting. For example in the RPVM, 23.7% of subjects with a $2 value indicated that they
would pay at least $2.50 for a program that had benefits that were distributed heterogeneously
($2, $5, $8). This percentage is statistically indistinguishable from the 18.6% of subjects who
voted yes in the similar dichotomous choice voting setting (Table 4). In fact, none of the twelve
dichotomous choice voting settings yielded results that are statistically different than the results
of the RPVM. This suggests that RPVM elicits values that are consistent with dichotomous
choice voting and establishes the RPVM as an efficient alternative from which to examine

anomalies in voting.

5.2 General Voting Patterns

The experiments yield 76 unique treatments under high-incentive conditions, where a
treatment is defined by a specific welfare setting (e.g. WTP-gains), the subject’s induced value,
and the distribution of other players’ values (if any). To facilitate comparisons between bidding
behavior and induced values, we pool the data from all high-incentive rounds and regress
individual bids on 76 indicator variables to produce estimates of the average bid in each

treatment. As each individual produces multiple observations, we estimate robust standard errors
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adjusted for clustering at the individual level. As all decisions from the individual are made
without feedback, there are no controls for learning behavior. Table 5 and Table 6 present the
treatment-specific mean bids for the gains and loss settings, respectively, in both WTP and WTA
settings. Estimates that are statistically different than induced value at the 5% level are italicized.

Inspection of the results shows several patterns. First, as expected, eleven of the twelve
bids/offers in the private settings are statistically indistinguishable from induced value. This
result can be seen in Figure 3, where the private values line up nearly perfectly with the 45
degree line representing the induced values. Second, all of the bids/offers in the twenty-eight
homogeneous treatments are not statistically different than induced value. Again this pattern can
be observed in Figure 3. Third, a different pattern clearly emerges in the treatments with
heterogeneous distribution of values. In these cases, the low-value subjects raise their bids/offers
and the high-value subjects lower their bids/offers. In the eight treatments that had the lowest-
value subject have an induced value that was more than a dollar less than the middle-value
subject (subjects with induced gains and losses of $1 and $2), subjects significantly raised their
WTP/WTA in seven of the eight treatments. Likewise, when the highest-value subjects had an
induced value that was more than a dollar higher than the middle-value subject ($8 and $9
values), subjects significantly lowered their WTP/WTA in seven of the eight treatments. As can
been seen in Figure 3, a clear pattern emerges that relative to the 45 degree line which represents
the induced values, in heterogeneous value settings the worst-off subjects raise their bids/offers
in a voting context and the best-off subjects lower their bids/offers.

In heterogeneous treatments there is not a systematic divergence from induced values for
middle-value ($5) subjects. Symmetric distributions produce bids that are roughly equal with

value, although in one of four cases there is a statistical difference. In asymmetric distribution
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treatments, there is a weak tendency for middle-value subjects to bid to bid below value when
their value is above average (i.e. the $1, $5, $6 distribution) and a weak tendency to bid average
value when their value is below average (i.e. the $4, $5, $9 distribution).

For heterogeneous treatments with asymmetric distributions, all of the means were above
induced value for the low-value subjects and lower than induced value for the high-value
subjects. However, many of these differences were not statistically different than zero. In
particular, statistical differences tend to occur when there is a large spread between the value of
the high (low) value subject and the middle and low-value subjects. When the high (low) value
subject has a value close to the middle-value subject, statistical differences generally are not

observed.

5.3 Performance of Social Preference Theories

In the final part of our analysis we investigate the extent to which the four social choice
theories discussed in Section 3 may explain observed bidding behavior. The econometric
analysis is loosely based on that of Engelmann and Strobel (2004). A casual comparison between
the behavioral predictions presented in Table 3 and the results of tests of mean bids against
induced values suggest that the data is consistent with social efficiency considerations. At least
for symmetric value distributions we found clear indications that low-value subjects bid above
value and low value subjects bid below value. This also could be partially explained by maximin
preferences. The two inequality aversion theories do not appear to organize the data well as there
does not appear to be systematic differences in bidding behavior between gains and loss
scenarios. More generally, there do not seem to be systematic differences across the four welfare

scenarios.
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To more formally test the social welfare theories we regress individual bids in public
good treatments on measures that correspond with the theory-specific components of the utility
function (Table 3), as well as a variable that corresponds with self-interest. Variable definitions
are presented in Table 7. Note that while we pool data from all four welfare scenarios for our
regressions, the implied coefficient restrictions are justified in all cases by statistical tests.
Similar to the previous regression, we generically allow for heteroscedastic errors and correlation
between responses through the use of a robust covariance estimator adjusted for clustering at the
individual-level. In order to accommodate bids and losses into the same model, the negative of
the bid is used in loss treatments. This produces consistent expected coefficient signs (in
particular the expected signs on all variables is positive) for all four welfare scenarios.

Table 8 presents several models. We first estimate a “Kitchen Sink” model (Model I) that
allows the possibility that all four social welfare motives — Efficiency, Maximin, ERC, FSstrict —
along with self interest (Self) explain average bidding behavior. Such a model is consistent with
the notion that motives across individuals may be heterogeneous and two or more motives may
explain the behavior of the representative individual. Self interest and efficiency are the only
statistically significant motives. Given that the social preference measures are closely related in
the sense that they predict similar behavior in instances, it is not surprising that these covariates
are highly collinear, as indicated by very high variance inflation factors (VIFs), which average
almost 90. In lieu of this collinearity we also estimate theory-specific models (Models Il — V)
whereby bids are independently regressed on Self and each social preference variable. For the FS
model, the FSstrict measure is separated into its disadvantageous (FS«) and advantageous (FS/)
inequality components to allow for separate effects. When investigated in isolation, only

efficiency and maximin measures are statistically significant and have the correct coefficient
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sign. Both FS measures are statistically significant, but the disadvantageous measure has the
opposite sign. Given the previous statistical tests of bid versus value, this is not surprising as the
theory suggests that high and low-value individuals would adjust their bid relative to induced
value in the same direction whereas in actuality high and low-value individuals tend to bid
relative to induced value in opposite directions. If the measure FSstrict were instead included it
would be statistically insignificant, similar to the ERC measure. Overall, the inequality aversion
theories appear to explain little about average behavior.

In order to better distinguish between the relative importance of efficiency and maximin
preferences, we included both these measures (along with Self) in a regression. Similar to the
Kitchen Sink model, efficiency is a statistically significant factor whereas maximin is not.
Looking closer at the predictions in Table 3, if maximin preferences were driving results one
would expect that, say, in the heterogeneous treatments with a symmetric distribution that
middle-value WTP (WTA) respondents would bid below (above) value. This is not consistent
with behavior. Further, we should see worst-off individuals bidding at value, but it is clear that
these individuals have concerns for best-off persons. In sum, while there is some evidence that
maximin considerations may drive bidding behavior in these experiments, preferences for
efficiency seem most consistent with the data and explain a wider range of observed bidding

tendencies.

6. Conclusion
The evidence presented in this paper suggests that the public good version of the BDM
mechanism, which utilizes voting in a coercive tax setting, is demand revealing. In addition, no

WTP/WTA discrepancies are evident. However, the result that the participants with high induced
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gains (low induced gains) tend to understate (overstate) their WTP and WTA relative to induced
value (this pattern is mirrored in the induced loss treatments) is most succinctly explained by
social concerns for efficiency (pure altruism). Equity or relative rank concerns do not seem to
add much explanatory power in this setting utilizing induced values and undergraduate business
majors. Clearly in other contextual settings such as dictator games, equity plays a major role.

It should be noted that our findings are consistent with a conjecture made by Johannesson
et al. (1996), who argued that the coercive nature of voting and taxation also raises the
possibility, that some people will vote “no” on a project that would provide them private net
benefits, narrowly defined, because they desire not to impose costs on others for whom costs
exceed the benefits, and attributed this possibility to pure altruism. Their evidence was obtained
from hypothetical survey questions about voting for or against safety programs.

The experiments presented in this paper represent a potential starting point from which
these issues can be examined further. Extensions of the RPVM include changes in voting group
size when values are heterogeneously distributed, changes in the distributions of the
heterogeneous treatments, the use of commaodities, and the application of the mechanism to

examine how various behavioral anomalies respond to public good settings.
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APPENDIX A: DICHOTOMOUS CHOICE INSTRUCTIONS

Instructions

This is an experiment in the economics of decision making. In the course of the experiment, you will
have opportunities to earn money. Any money earned during this experiment is yours to keep. It is
therefore important that you read these instructions carefully. Please do not communicate with other
participants during the experiment.

In today’s experiment, you will be asked to vote for gainst six different programs. In this
experiment, a program is simply a distribution of morey. As you will see, your vote will help determine
whether or not the program is funded. The procedures that will be followed are the same for all
programs. However, each program and vote is independent from the other. Therefore, your vote in one
program will not affect the results for other programs.

one of the six programs will actually be implemented and result in cash earnings. At the conclusion
orme experiment, we will randomly determine which of the programs will generate cash earnings by
drawing from a bag containing six chips lettered A through F which correspond to each program.

For each program, the experiment proceeds as follows:
For each of the programs, you will be part of a group of three voters. First, you and every other member
of your group will receive an initial balance of $10.00.

You will then be informed of your personal payoff amount for this program. Your personal payoff
amount is the amount of money that you will receive if the program is funded. Your personal payoff
amount will vary during the course of the experiment. The possible amounts are $2.00, $5.00, and $8.00.
The payoff amounts that the other voters in your group would receive if the program is funded are
indicated on your computer spreadsheet. Your spreadsheet also will inform you of the per person cost of
the program. This is the cost that you and everyone else in your group would have to pay if the program
is funded.

You will then be asked to vote for (“'Yes”) or against (“No”) this program. You will submit your vote by
clicking the “Submit” button. For each program, there are two possible outcomes:

The program is NOT FUNDED: The program is not funded if a majority of votes from your group are
“No.” In this case, neither you nor any other member of your group will receive a personal payoff
amount and no one will pay the cost. Therefore, your cash earnings for this part of the experiment would
simply be your initial balance of $10.00.

The program is FUNDED: The program is funded if a majority of votes from your group are “Yes.” In
this case, you will receive your personal payoff amount in addition to your initial balance. However, you
will also have to pay the per person cost. Every other member of your group will also receive their
personal payoff amount and they will also have to pay the same per person cost. Therefore, your cash
earnings would be your initial balance ($10.00), plus your personal payoff amount, minus the per person
cost.

At the conclusion of the experiment, a volunteer subject will draw which of the six programs will be
implemented to determine your cash payoff. Upon notification by the administrator, please click the
“Update Results” button.


GLP2
In the Welsh and Poe article used as the example in the Champ et al. book, “for” was used.  To me it sounds more natural.

GLP2
Kent: as I recall you have them identify their group of three at some point. i.e. didn’t you have them raise their hands?


Table 1: Dichotomous Choice Experiment — Heterogeneous Value Design (n=86).

Session A

Initial Own Others Uniform Expected
Treatment Endowment Reward Rewards Cost Earnings
1st $10 $2 $5, $8 $2.50 $9.50
2nd $10 $8 $2, $5 $7.50 $10
3rd $10 $5 $2, $8 $2.50 $12.50
4th $10 $8 $2, $5 $2.50 $15.50
5th $10 $2 $5, $8 $7.50 $10
6th $10 $5 $2, $8 $7.50 $10
Session B

Initial Own Others Uniform Expected
Treatment Endowment Reward Rewards Cost Earnings
1st $10 $8 $2, $5 $7.50 $10
2nd $10 $2 $5, $8 $2.50 $9.50
3rd $10 $5 $2, $8 $7.50 $10
4th $10 $2 $5, $8 $7.50 $10
5th $10 $8 $2, $5 $2.50 $15.50
6th $10 $5 $2, $8 $2.50 $12.50



Table 2: Dichotomous Choice Experiment — Homogeneous Value Design (n=88)

Session A

Initial Own Others Uniform Expected
Treatment Endowment Reward Rewards Cost Earnings
1st $10 $2 $2, $2 $2.50 $10
2nd $10 $8 $8, $8 $7.50 $10.50
3rd $10 $2 $5, $8 $4.50 $7.50
4th $10 $5 $2, $8 $4.50 $10
5th $10 $8 $2, $5 $4.50 $13.50
6th $10 $5 $5, $5 $5.00 $10
Session B

Initial Own Others Uniform Expected
Treatment Endowment Reward Rewards Cost Earnings
1st $10 $8 $8, $8 $7.50 $10.50
2nd $10 $2 $2, $2 $2.50 $10
3rd $10 $8 $2, $5 $5.50 $10
4th $10 $5 $2, $8 $5.50 $10
5th $10 $2 $5, $8 $5.50 $10
6th $10 $5 $5, $5 $5.00 $10
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Table 3. Summary of Theoretical Predictions.
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Preference | Other Regarding Component Optimal Bid Behavioral Predictions
Type of the Utility Function
Social +2, ) (7;-C) T+ e T N=1=B=r
Efficiency i# S . E— Homogeneous = B =,
1+(N-De Heterogeneous
Mean 7z: B =7
Smallest 7z: B/ > 7,
Highest 7: B <,
Maximin +a (”W—C) T +ar, N=1 =B =r
l+o Homogeneous = B =7,
(7, is the induced value of Heterogeneous
the person who gains the If 7,=7, =B =nr,
least from implementing the If 7. >z, =B <7z (WTP)
program) If 7 <7, =B >z (WTA)
ERC N N 77, N=1 =B =7,
(Equity) | —ai (7 _C)_%;(”J _C)‘ T _JZ_;W] Homogeneous = B =7,
Heterogeneous
Mean z: B =7,
Otherwise: B’ < 7, (Gains)
B’ > 7, (Losses)
FSStrict | @ s o[ (e, ~C)~(z,-).0] | ™ N=1 =B =7,
Sgﬁtljeillng) Nﬁ_l i —ﬁgMaX[(ﬂi—C)—(ﬂ.—C),O] Homogeneous = B =z,
‘mjz Max[ (7, -C) - (z, - C).0] Heterogeneous

B
—ﬁémx[(m ~C)—(z,-C).0]

B <7 (Gains)
B’ > 7, (Losses)




Table 4. Comparison between Dichotomous Choice and RPVM (WTP) with symmetric

value distributions®

Distribution Percent
Mechanism _ Value Cost of Values “Yes” t-stat p-value
DC Voting  $2 $2.50 Heterogeneous 18.6%  0.825 0.4102
RPVM $2 $2.50 Heterogeneous  23.7%
DC Voting  $2 $2.50 Homogeneous  5.7% 1.469 0.1436
RPVM $2 $2.50 Homogeneous  11.8%
DC Voting  $8 $7.50 Heterogeneous  81.7% 1.350 0.1787
RPVM $8 $7.50 Heterogeneous  73.3%
DC Voting  $8 $7.50 Homogeneous  86.4% 1.330 0.1854
RPVM $8 $7.50 Homogeneous  92.5%

33

& Sample size is 93 for RPVM, 86 for Homogeneous DC Voting, and 88 for Heterogeneous DC

Voting
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Table 5. Random Price Voting Mechanism Experiment Results, Induced Gains.

Private® Homogeneous” Heterogeneous®
Value WTP WTA Others WTP WTA Others WTP WTA

$1 $1, $1 $1.25 $1.28 $5, $6 $1.40 $1.91
$2 $2.10 $1.96 $2, $2 $2.06 $2.06 $5, $8 $2.64 $2.47
$4 $4, $4 $4.06 $3.90 $5, $9 $4.26 $4.77

$1, $6 $4.95 $4.74
$5 $5.09 $5.12 $5, $5 $5.10 $5.03 $2, $8 $5.19 $5.06
$4, $9 $5.31 $5.35
$6 $6, $6 $6.08 $6.14 $1, $5 $5.90 $5.64
$8 $8.11 $8.15 $8, $8 $8.14 $8.18 $2, $5 $7.78 $7.75

$9 $9, $9 $8.75 $8.84 $4, $5 $8.24 $8.41

 For both WTP and WTA, n=93.

® For both WTP and WTA, n = 138 for the homogeneous distribution of values of $5; n = 93 for
the homogeneous distribution of values of $2 and $8; and n = 45 for the homogeneous
distribution of values value of $1, $4, $6, and $9.

¢ For both WTP and WTA, n = 93 for the heterogeneous distribution of values of $2, $5, $8 and
n = 45 for the heterogeneous distribution of values of $1, $5, $6 and $4, $5, $9.

Note: estimates that are statistically different than induced value at 5% level are italicized.
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Table 6. Random Price Voting Mechanism Experiment Results, Induced Losses.

Private® Homogeneous® Heterogeneous'
Value WTP WTA Others WTP WTA Others WTP WTA

-$1 -$1,-$1  $1.04 $1.07 -$5,-$6  $1.24 $1.77
-$2 $2.23 $2.06 -$2,-$2  $2.14 $2.11  -$5,-$8  $2.67 $2.54
-$4 -$4,-$4  $3.93 $398  -$5,-$9  $4.18 $4.47

-$1,-$6  $4.74 $4.36
-$5 $5.19 $4.68  -$5,-$5  $4.98 $492  -$2,-$8  $5.38 $4.82

-$4,-$9  $5.05 $5.67
-$6 -$6,-$6  $6.01 $6.26  -$1,-$5  $5.73 $5.42
-$8 $7.99 $791  -$8,-$8  $7.80 $794  -$2,-$5  $7.68 $7.29

-$9 -$9,-$9  $8.91 $8.87 -$4,-$5  $8.30 $8.35

¢ For both WTP and WTA, n=93.

¢ For both WTP and WTA, n = 138 for the homogeneous distribution of values of -$5; n = 93 for
the homogeneous distribution of values of -$2 and -$8; and n = 45 for the homogeneous
distribution of values value of -$1, -$4, -$6, and -$9.

" For both WTP and WTA, n = 93 for the heterogeneous distribution of values of -$2, -$5, -$8
and n = 45 for the heterogeneous distribution of values of -$1, -$5, -$6 and -$4, -$5, -$9.

Note: estimates that are statistically different than induced value at 5% level are italicized.



Table 7. Variable Descriptions for Social Preference Regressions
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Variable name Description Sample mean?
(expected sign) (std. dev.)
Self (+) Subject’s induced value 0.00 (5.58)
Efficiency (+) Sum of other group member values, " 7 0.00 (10.77)
j#i

Maximin (+) Lowest induced value of all group members, -1.44 (5.53)

min{r ;}
ERC (+) The negative of the absolute deviation of the -1.04 (1.30)

individual’s value from the average group value,

1
— |7 ——Zﬂ'-
35!

FSstrict (+) A measure of the average inequality between the  -1.91 (1.93)

individual’s value and other group values,

-1/ ZZ max{r; - x;,0} -1/ ZZ max{r; -z ;,0}

j# j#i

FS, (+) The disadvantageous inequality component of -0.96 (1.58)

FSstrict, —1/2)_ max{z; — z,,0}

j=i

FSA(+) The advantageous inequality component of -0.96 (1.58)

FSstrict, —1/2)_ max{z, — =0}

j=i




Table 8. Social Preference Regressions
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Model I: Model II: Model HI: Model 1V: Model V:
Kitchen Sink Efficiency Maximin ERC FS
Self 0.880* 0.878* 0.890* 0.987* 0.987*
(0.030) (0.017) (0.017) (0.008) (0.008)
Efficiency 0.065* 0.063* - - -
(0.026) (0.009)
Maximin -0.007 - 0.106* - -
(0.076) (0.015)
ERC -0.004 - - -0.001 -
(0.055) (0.012)
FSstrict 0.006 - - - -
(0.083)
FSa - - - - -0.127
(0.018)*
FSp - - - - 0.126
(0.018)*
Constant 0.045 0.047 0.045 0.046 0.045
(0.029) (0.028) (0.029) (0.028) (0.029)
R? 919 919 918 916 919
Mean 87.23 5.08 6.72 1.00 1.10
VIF
n 4212 4212 4212 4212 4212

Notes: * denotes parameter is statistically different than zero at 5% level. Standard errors in

parentheses.



Figure 1. Voting Bias in Dichotomous Choice Voting (WTP-Gains).
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Figure 2. Low-Incentive Practice Rounds: Difference from Induced Value.
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Figure 3. Bids and Offers in Private and Public Heterogeneously Value Treatments
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Induced Value

! The bids/offers for the public homogeneous treatments were not included as they would have been visually
indistinguishable from the bids/offers from the public homogeneous treatments.
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