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Abstract

We report the results of a voluntary contributions mechanism (VCM) public good game

designed to distinguish among four major competing models of behavior. A new user interface

and implementation of a tax are introduced to focus attention on the effect that a government

contribution to a public good financed by lump-sum taxes has on voluntary contributions. We

observe contributions greater than the individually rational and own-money motivated amount,

as well as incomplete crowd-out of the government policy. These observations are consistent

with a warm-glow model with a logit decision error. Analysisof individual-level observations

provides evidence of different player types.

Keywords: Public goods; crowd-out; warm-glow; logit choice.

1 Introduction

The voluntary contributions mechanism (VCM) is a benchmarkinstitution in the theory of pub-

lic goods. Within the standard environment, the Nash equilibria for the voluntary contributions

mechanism possess several interesting properties. As identified in an important theoretical pa-

per by Andreoni (1988), two of the most striking of these properties are (i) a minimal proportion

of the population will provide positive contributions, and(ii) government spending on the public

good will be almost completely neutralized by reductions inprivate contributions. The zero giver

mass hypothesis has been challenged by observing actual contributions to public goods (Andreoni

1988), and by experimental evidence (such as Isaac, McCue, and Plott 1985 and Isaac and Walker

1988; see Ledyard 1995 for a survey). The strong form of the crowding-out hypothesis, which

asserts government action reduces voluntary contributions dollar-for-dollar, has been challenged

by studies using both field and laboratory approaches. Steinberg (1991) provides a review of field

data estimates of crowd-out as well as their limitations. Heconcludes that most estimates indicate

low levels of crowd-out. In a recent study, Manzoor and Straub (2005) estimate a wide confidence

interval for crowd-out, ranging from nearly complete crowd-out to crowding-in.

Experimental research generally controls institutional features and changes the tax that finances

the public good. In two laboratory studies using a public goods frame, Andreoni (1993) and Chan

et al. (2002) observe substantial though incomplete crowd-out of tax financed contributions. The

baseline model of Andreoni (1988) or Bergstrom et al (1986) is implemented by constructing pay-

off specifications in which own-earnings-maximizing participants will choose positive contribution

levels in a Nash equilibrium. This interior solution permits interpretation of systematic deviations

from own-earnings-maximizing behavior in terms of some type of warm-glow motivation. How-

ever, because predictions depend upon the assumption of Nash equilibrium play, deviations may

also be boundedly-rational strategic responses to the choices of other participants. For example,
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in Andreoni’s design, subjects could contribute zero to seven tokens of their endowment to the

public good, with the Nash equilibrium contribution equal to three tokens. In the baseline treat-

ment where subjects can contribute any number of tokens, contributing the full seven tokens is

dominated. However, in the experimental treatment, subjects were taxed two tokens, which auto-

matically were contributed to the public good. This manipulation does not change the Nash equi-

librium level of three tokens, but it does result in contributions of five or more tokens now being

dominated. It is not possible to identify whether the response observed in Andreoni’s experiment

is due to warm-glow or the effects of changing the strategic structure.

One response to this confound proposed in the literature is to replace the public goods game

with a simple decision problem. Bolton and Katok (1998) study the dictator “game,” in which

one participant decides how to allocate a sum of money between herself and another subject. They

observe incomplete crowd-out when subjects are taxed. While this setting eliminates the confound

from strategic interaction, it moves the optimal choice forown-money maximizers to the boundary

of the decision space, because the own-earnings maximizingchoice involves allocating the mini-

mum allowed to the other participant. In addition, the choice is moved from a public goods setting

to a setting where framing effects are known to be important;for instance, Eckel, Grossman, and

Johnston (2005) report the amount of crowd-out depends on framing effects.

Instead, our design builds on the specification proposed by Keser (1996) which keeps the choice

task in the public goods setting, maintains the optimal contribution level in the interior of the

strategy space, and minimizes the effects of strategic interaction. Keser’s payoff specification is

quadratic in the amount of the private good consumed, but linear in the amount of the public good

provided. As a result, subjects motivated solely by their own expected earnings have a strictly

dominant strategy.

Andreoni (1995) was the first to explore the extent to which generous contribution levels could

be explained by confusion about the experimental design as opposed to intrinsic motivations. To

further control for confusion or computational errors, in our design subjects make their contribution

choices using a novel computer interface. The interface is designed to make transparent to the

subjects that the decision which maximizes the subject’s own cash earnings is always the same,

given any contribution levels by other participants. We findthat the dominant strategy is by far

the modal choice, and that many subjects adopt the dominant strategy in most or all periods. We

interpret this as evidence that the interface does make the dominant strategy transparent. Among

subjects who do not choose the dominant strategy, almost allsystematically choose contribution

levels in excess of the dominant strategy, which is an interior equilibrium. Our observations cannot

be attributed to a “drunks against the wall fall into the room” phenomena. Taken together, these

observations provide evidence that contribution levels inexcess of the own-earnings dominant

strategy are indeed deliberate choices, and not due to confusion about the payoff structure of the
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game.

We observe incomplete crowd-out of the government tax and spend policy. Analysis of individual-

level observations provides evidence of different player types. The observed crowd-out is driven

by changes in the relative proportions of the dominant-strategy and Pareto-optimal choosers. The

remaining players are organized using a model of warm-glow combined with a logit model of noisy

payoff evaluation. Employing a between-subject design with two treatments that differ only by the

presence or absence of a government tax and spend policy, we find a stable parameter estimate of

the warm-glow function between treatments, which is further evidence of warm-glow preferences.

A standard observation in linear VCM experiments is the rejection of the strong free-rider

hypothesis (Isaac, Walker, and Thomas 1984; Holt and Laury forthcoming). Our results are a clean

rejection of the strong free-rider hypothesis, because of the transparency of the own-earnings-

motivated dominant strategy. Andreoni (1995) and Houser and Kurzban (2002) conclude that

approximately half of the cooperative participants in public good experiments are confused in the

sense that they make decision errors or they do not understand the incentives in the game. We

find systematic deviation above the dominant strategy that suggests these deviations are not due

to player confusion. Another common observation in VCM experiments is contribution decay, a

decline of contributions with repetition (Ledyard 1995). Our results display no significant change

in contributions as players gain experience in the experiment.

The remainder of the paper is organized as follows. In Section 2, we examine group contribu-

tions and crowd-out for the baseline (“pure altruist”), warm-glow (“impure altruist”), logit choice,

and logit choice with warm-glow models in a common environment. Section3 describes the exper-

imental design and the predictions of each model in the context of the experimental environment.

The experimental results are reported in Section4. Concluding remarks are provided in Section5.

2 Analytical Framework

Consider an economy consisting of one private good, one public good, andn consumers. The

marginal rate of transformation of private good into publicgood is constant, and normalized to

one. Consumers are assumed to be homogeneous with respect topreferences and endowments.

The decision problem for consumeri is to divide her endowment,ω, between a private goodxi ≥ 0

and a contribution to a public goodgi ≥ 0. Private good consumption is the difference between

the endowment and the individual’s contribution to the public good. Consumers therefore choose

to maximize utility subject to the constraintxi +gi = ω. The total supply of the public good is the

sum of the contributions,G = ∑n
i=1gi.
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2.1 The Baseline Model

In Keser’s (1996) specification, utility is separable in private good consumption and public good

consumption.

Ui = ω −gi − γ (ω −gi)
2+m(gi +G−i) , (1)

with γ > 0, where 0< m < 1 is the return to each player for each dollar contributed to the public

good, andG−i is the sum of contributions from players other thani. The utility function in (1)

is strictly concave with a unique maximum.1Given the comparative model focus of this paper, we

want a sharp equilibrium prediction from this baseline model.

Solving for the best response function, and assuming identical preferences

g∗i = g∗ = ω −
1−m

2γ
, ∀i. (2)

Under the assumption that(1−m)/2γ ≤ ω, g∗ lies between 0 andω. All players have a dominant

strategy to contributeg∗.
A standard feature in the literature of the voluntary contribution mechanism is that the efficient

allocation transforms all of the private endowment into thepublic good.2 We maintain this fea-

ture as well, both in the interest of comparability and in order to separate clearly the equilibrium

prediction in the baseline model from the efficient allocation. Whereas the marginal benefit of a

contribution to the contributor ism, the sum of marginal benefits to all consumers in the economy

is mn. We will assume thatmn ≥ 1 so that the Pareto efficient contribution,gPE , is the entire

endowment, i.e.gPE = ω.

Becauseg⋆ < gPE , there is a free rider problem between what is individually rational and what

is socially efficient. Each individual has an incentive to contributeg⋆ to the public good, although

each consumer would have a higher level of utility if everyone else contributesgPE .
Suppose a government attempts to increase contributions tothe public good by collecting a

lump-sum taxτ from each consumer and dedicating all revenues to the provision of the public

good. This tax is assumed to satisfyτ ≤ g⋆. The total provision of the public good isG + nτ.

Playeri’s utility is then represented by

Ui = ω −gi − τ − γ (ω −gi − τ)2+m(G+nτ) (3)

1A non-dominant Nash equilibrium may introduce a coordination problem in an experiment; see, for example,
Sefton and Steinberg (1996).

2For an exception, see Seely, Van Huyck, and Battalio (2005).

5



and is subject togi ≤ ω − τ. Each player’s best response is now

gT∗ = ω −
1−m

2γ
− τ (4)

or

gT∗ = g∗− τ (5)

Each player will reduce her contribution by the amount of thetax, thereby restoring the original

mix of private and public good consumption.

Crowd-out is typically analyzed as a group response to a tax and spend policy (Warr 1982;

Bergstrom, Blume, and Varian 1986; Andreoni 1989). Becausetotal individual contributions to

the public good are unchanged (individual contributions plus tax revenue), the aggregate provision

of the public good is also unchanged. Therefore, crowd-out is complete.

2.2 The Warm-Glow Model

The warm-glow model assumes utility is a function of privategood consumption, the total supply

of the public good, and the amount of the individual’s voluntary contribution to the public good

(Andreoni 1989). Following Chan et al. (2002), we assume thedirect individual warm-glow

component enters the payoff function as a separable term added to the utility of private and public

good consumption. Warm-glow preferences can then be expressed as:

UWG
i = ω −gi − τ − γ (ω −gi − τ)2 +m(gi +G−i +nτ)+φ (gi) (6)

whereφ (·) measures warm-glow utility for playeri. We will assumeφ is C2 with φ ′ > 0 and

φ ′′ < 0. Each player balances her marginal utility of warm-glow with her marginal utility of the

monetary payoff, both of which are independent of the contributions of other players. Without a

tax and transfer policy, that is,τ = 0, the best response for a player with warm-glow preferencesis

characterized by

gWG
i = ω −

1−m−φ ′
(

gW G
i

)

2γ
. (7)

Comparing (7) to (2), we can see thatgWG > g⋆ givenφ ′ > 0. Under this specification of warm-

glow preferences, each player also has a dominant strategy,as in the baseline model, with the

contribution level in the warm-glow dominant strategy being higher than the baseline.

Again, suppose the government attempts to increase contributions to the public good by col-

lecting a lump-sum taxτ ≤ g⋆ from each consumer and transferring all of the revenue to thepublic
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good. The best response is then characterized by

gWG,T
i = ω −

1−m−φ ′
(

gWG,T
i

)

2γ
− τ (8)

To find the degree of crowd-out, totally differentiate (8) and rearrange:

dgWG,T
i

dτ
=

(

φ ′′

2γ
−1

)−1

(9)

Note thatφ ′′ → 0⇒
dgW G,T

i
dτ →−1. Asφ ′′ increases in absolute value (and approaches−∞),

dgW G,T
i
dτ

increases and asymptotically approaches zero. Therefore,the differential in (9) takes on values in

the open interval(−1,0).

An individual who is taxed $1 will reduce her voluntary contribution by less than $1, assuming

the tax revenue is contributed to the public good. Because each individual reduces her contribution

by an amount between zero andτ, aggregate contributions fall by less than the tax revenue collected

and spent on the public good. The government policy is successful in increasing total contributions,

that is, crowd-out is incomplete.

2.3 The Logit Choice Model

McKelvey and Palfrey (1995) develop an error-based model byintroducing an unobserved shock

to the utility function. Utility has the same structure as the baseline model given by (1) except that

a player can make a decision error due to confusion about the payoff structure or because of errors

in their calculations. An alternate but behaviorally equivalent interpretation of the decision error is

that the utility function has a random unobservable component (random variations in emotions or

experimentation).

Anderson, Goeree, and Holt (1998) apply the logit form of thequantal response equilibrium

model to public good games. They include an analysis of the Keser (1996) specification, and show

that the combination of the baseline model with a logit specification for the decision error structure

gives a probability distribution over playeri’s actions that is a truncated normal distribution. The

combination of the baseline quadratic payoff function and alogit exponential model of the deci-

sion error structure is shown to yield a probability distribution over playeri’s actions which is a

truncated normal density:

fi (gi) = K1exp

{

−
γ
µ

(gi −g⋆)2
}

(10)

for gi ∈ [0,ω], whereKi (µ,g⋆) ensures the density integrates to one over[0,ω].
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The error termµ > 0 parameterizes the tendency to make errors. Asµ approaches zero, the

probability of choosing the payoff maximizing contribution approaches one. Asµ approaches

infinity, the density function given by (10) approaches a uniform distribution, so each possible

contribution can occur with probability of1ω , regardless of the payoff associated with each contri-

bution. For any given (finite) value ofµ, increasingly costly mistakes (i.e. greater deviations from

the payoff maximizing contributiong⋆) are less likely to occur.

Characteristics of the quantal response equilibrium include the modal contribution equaling

the dominant strategy contribution ofg⋆, while the mean contribution is betweeng⋆ and half of the

endowment. An implication of this model is that when the dominant strategy is greater than half

of the endowment, as it is in our design, the predicted mean contribution is less than the dominant

strategy. Because the mean individual contribution is lessthang⋆, the aggregate provision of the

public good is less than that of the baseline model.

The analysis of the tax and spend policy is an application of the properties of a truncated

distribution. With the tax policy in place, no consumer can have a tax inclusive contribution (that

is, voluntary contribution plus tax) in the range of[0,τ), The tax policy truncates the left tail of the

distribution of contributions so that the mean contribution and thus the total supply of the public

good increases as a result of the tax.

2.4 Logit Choice with Warm-Glow

Anderson, Goeree, and Holt (1998) also introduce altruism to the logit form of the quantal response

equilibrium model by adding a term to the utility function that is linear in the amount voluntarily

contributed. We now derive the analog to (10) allowing for an additive warm-glow component to

preferences. Recall that the payoff to playeri of contributinggi with the warm-glow specification

is given by3

UWG
i (gi) = ω −gi − γ (ω −gi)

2+mG+φ (gi) .

In the logit choice model, the probability that a contributiongi is made is

f (gi) = K2exp
{

UWG
i (gi)/µ

}

,

with the constantK2 chosen to ensure the distribution integrates to one. Paralleling the derivation

in Anderson et al, we move all the terms not depending ongi into the constant to obtain

f (gi) = K3exp
{[

(m+1−2γω)gi − γg2
i +φ(gi)

]

/µ
}

. (11)

3For notational simplicity we develop the analysis for the case where there is no tax.
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An implication of (11) is that the logit choice distribution for playeri depends only onµ, and

is independent of the choices made by other players. Therefore, the predictions of the logit choice

model do not depend on an assumption that other players are themselves logit choosers. As such,

we choose to refer to this as the logit choice model, rather than a quantal response equilibrium,

since the predicted logit distribution of choices does not depend on an assumption that each player

is correctly anticipating others will themselves be quantal responders. We will take advantage of

this strong property in analyzing the individual-level contribution data.

As in the analysis in Anderson et al, (11) predicts the dominant strategygW G is the modal

choice in the logit distribution. Whenφ(·) is not linear, as we assume, the predicted distribution is

no longer a truncated normal. Consider contribution levelsgWG + ε andgWG − ε for some small

ε > 0. Using (11) and the first-order condition for the dominant strategygWG from (7) we obtain

f
(

gWG + ε
)

f (gWG − ε)
= exp

{[

2γgW G −φ ′
(

gW G
)

(2ε)−4γεgWG +φ
(

gW G + ε
)

−φ
(

gWG − ε
)

/µ
]}

.

This can be simplified to

f
(

gWG + ε
)

f (gWG − ε)
= exp

{[

φ
(

gWG + ε
)

−φ
(

gWG − ε
)

−2εφ ′
(

gW G
)]

/µ
}

. (12)

The term in square brackets in (12) is zero if and only ifφ is linear. Also, assumingφ(·) is concave

is not enough to sign the direction of the skew.

3 Experimental Design

We tailor several design choices specifically to focus the analysis on warm-glow and crowd-out. A

new graphical user interface is developed to make the socialdilemma evident and to reduce con-

fusion. We also introduce a new implementation of the tax andspend policy which preserves the

decision space in each treatment. The baseline model dominant strategy is greater than half of the

endowment. This design choice not only allows us to distinguish between competing theoretical

models, it also mitigates the censoring of data due to the taxand spend policy.

3.1 Graphical User Interface

A new graphical user interface (GUI) was developed to communicate clearly to participants what

choice maximizes their own earnings. The GUI is designed so that participants also know that

the own-money maximizing choice is independent of the choices of other participants. The design

employed neutral language. The instructions and interfacereferred to the subject’s own choice
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as the “choice of X,” and the average of the choices of the other three group members as the

“market statistic.” See Figure1 for a screenshot of the decision screen presented to the subjects.

Subjects could use the decision screen to determine hypothetical earnings by selecting any integer

combination of their choice of X and market statistic. The GUI consists of two gray bars and a

gray box. The gray box summarizes the earnings surface the subject faces, with lighter shades

corresponding to higher earnings. By clicking in the horizontal gray bar above the gray box, a

player can select a hypothetical value of the market statistic. If a player does so, she can then

click the mouse to restore the cursor and click in the vertical gray bar to select her choice of X.

By moving the mouse up or down, a player can determine her earnings for different values of her

choice of X and the hypothetical market statistic previously selected. A player can determine her

earnings for that choice of X and a different market statistic by clicking once again in the horizontal

gray bar. Moving the mouse left or right displays potential earnings associated with her choice of

X and various hypothetical values of the market statistic.

A second method to determine potential earnings is to click in the gray box. Clicking in the

gray box allows a player to select a choice of X and a hypothetical market statistic simultaneously.

A player can choose a value of X without first selecting a hypothetical market statistic. If a player

does not choose a hypothetical market statistic, question marks appear to the right of the value of X

chosen to remind the player that earnings depend on the market statistic chosen by the three other

group members.

When a player is ready to finalize her choice of X, she does so byclicking the confirmation

button at the bottom of the screen. After all participants enter their choice of X, an outcome screen

is displayed for fifteen seconds (Figure2). The outcome screen summarizes the choices made each

period. Each player sees her choice and period earnings highlighted in green. The market statistic

is highlighted in red.

This and other information is recorded on a display to the right of the GUI. This display con-

tains the period number, the history of the player’s past choices of X, the history of past market

statistics, the player’s earning in each period, and a running balance of accumulated earnings.

This interface was chosen to make the dominant strategy, which maximizes own earnings, as

clear as possible to the participants, while at the sametimeallowing a fine grid over the action

space. Both the shading in the GUI and the ability to scroll within the GUI are intended to allow

participants to identify easily the dominant strategy.4This design makes it straightforward to choose

the own-earnings-maximizing best response, and to observe, either immediately or after a few

rounds of experience, that the choice which maximizes earnings is independent of the market

4Observe that best responses occur where the level sets of thepayoff function are vertical. Therefore, one can see
the dominant strategy in the screenshot by observing that all the level sets are vertical at the same value of the subject’s
choice.
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statistic.

Participants could also determine that contributions in excess of the own-earnings dominant

strategy benefit others. For any contribution level, earnings increase with the market statistic.

For any market statistic, an individual’s earnings decrease for choices greater than the dominant

strategy. Additionally, earnings associated with the Pareto efficient outcome are greater than that

of the Nash equilibrium, while the best response to the Pareto efficient contribution by others

is of course the dominant strategy. Because of these properties, it is more compelling to argue

that systematic deviations from the own-earnings dominantstrategy are deliberate, and not due to

misunderstanding or confusion about how earnings are calculated.

3.2 Selection of Parameter Values

The explicit form of equation (1) used to generate payoffs is

Π =
1
2

[

50+(100−gi − τ)−0.015(100−gi − τ)2+0.4(gi +G−i +4τ)
]

. (13)

The decision space is the 101 integers{0,1, . . . ,100}. The taxτ is either 0 or 20. We refer to the

treatment withτ = 0 as theno government policy treatment, andτ = 20 as thewith government

policy treatment.

In contrast to previous public good crowd-out experiments,the decision spaces in both treat-

ments are the same. Requiring a minimum contribution of 20 tokens in thewith government policy

treatment would reduce the decision space to the 81 integersfrom 0 to 80. Andreoni (1993) dis-

cusses the presentation bias that can occur if the decision space in the two treatments differ. The

Andreoni (1993) experiment employs three experimental designs to implement the tax and spend

policy. The first design truncates the decision space but choices are relabeled, so the minimum

contribution is zero rather thanτ. The two treatments then differ both in the geometry of the pay-

off matrix and in the information presented to participants. The second implementation (themin

condition) restores the geometry of the payoff matrix by maintaining the location of the baseline

model equilibrium contribution in the range of zero to full contributions (ω), although this range is

not the feasible decision space. Cells in the payoff matrix that correspond to choices ranging from

zero toτ are left blank and are unattainable. Reducing the number of feasible choices in a treatment

potentially affects behavior as the amount of cognitive effort to locate the equilibrium may then

differ in the two treatments. The third implementation (theaugmented-tax condition) is similar to

the first, except dominated rows and columns are added to the payoff matrix to maintain the same

decision space as the treatment without the tax and spend policy. Chan et al. (2002) implement the

tax by requiring a minimum contribution, similar to the Andreoni (1993)min condition.

This experiment utilizes a new experimental design that neither reduces the decision space, nor
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requires the addition of dominated rows and columns to the payoff matrix. Choices are defined

to be the percent of the after-tax endowment available to theplayer. In theno government policy

treatment, a choice of 90 for example, is a choice of 90% of the100 token endowment, which

is 90 tokens. In thewith government policy treatment, a participant’s choice of 90 represents

90% of her 80 after-tax token endowment, which is 72 tokens. The tax-inclusive contribution is

then 72+ 20 = 92. This transformation of the decision space leaves the player with the same

number of potential actions in both treatments, the 101 integers from 0 to 100. To transform

choices in percents in thewith government policy treatment to the choice of X comparable to the

no government policy treatment, multiply the choice in percents by 0.8. Note thatthe budget

constraint is not violated in thewith government policy treatment, as the maximum contribution

remains 100 tokens: 100% of the 80 token after-tax endowmentplus the 20-token tax.

For a given value ofω, the parametersm andγ determine the baseline model dominant strategy

(2). An important design feature of this experiment is that thebaseline model dominant strategy

is greater than 50% of the endowment with and without the government policy. In public good

experiments with a linear payoff function, the marginal percapita return (MPCR) takes a variety

of values, but is typically 0.5.5 With a payoff function that is quadratic in consumption of the

private good, the MPCR is the ratio of benefits to costs from contributing an incremental amount

to the public account. The value ofm therefore, should not be interpreted as the MPCR.

The values ofm andγ were chosen so the baseline model dominant strategy is equalto 80.

Placing the dominant strategy above half the endowment ensures that deviations from the dominant

strategy for a participant with warm-glow preferences can be distinguished from deviations due

to anchoring on the center of the decision space. Additionally, a baseline dominant strategy of 80

mitigates censoring of the data. Using a quadratic payoff function, imposing a tax of 20 will censor

fewer observations if the dominant strategy is 80 compared to a situation in which the dominant

strategy is less than 50.6

3.3 Procedures

Ninety-six undergraduates from Texas A&M University participated in the experiment, recruited

in eight cohorts of twelve. A between-subject experimentaldesign is employed. Subjects were

recruited from undergraduate classes at Texas A&M University. After reading the instructions, but

before the session began, the subjects filled out a questionnaire to determine that they understood

how to read the earnings tables. Each session lasted approximately ninety minutes. Repeated play

of the own-earnings maxmizing dominant strategy by all players for the duration of the experiment

5Examples include Andreoni (1995) and Houser and Kurzban (2002).
6We observe no choices of zero in either treatment in our data,so censoring of low contribution levels is not a

concern in our analysis going forward.
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Model Group Contribution Crowd-Out

Baseline 320 Complete

Warm-Glow > 320 Incomplete

Logit Choice < 320 Incomplete

Logit Choice with Warm-Glow Indeterminate Incomplete

Table 1: Group Contributions and Crowd-Out Predictions forEach Model

would have resulted in each subject earning $19.20.

Cohorts 1-4 played theno government policy treatment, and cohorts 5-8 played thewith gov-

ernment policy treatment. The participants were informed they would be randomly re-matched

with a group of three other players each period, and that theywould play the game for ten periods.

As in many VCM public good experiments, participants were assigned to groups of four.7Subjects

had common and complete information about their own and the other participants’ payoff tables.8

The contribution of each player to the public good was labeled “Choice of X”, which ranged

from zero to one hundred. The average choice of the other three group members was labeled

“Market Statistic”. Each subject chooses one action in eachperiod.

3.4 Predictions

We combine our specific payoff function (13) with our theoretical model analyses from Section

2 to generate our experimental model predictions with respect to group contribution levels and

crowd-out. These predictions are summarized in Table1.

4 Results

4.1 Group Contributions Patterns

Three important features of the data emerge. First, the group contributions in both treatments are

consistently above the baseline model predicted value of 320. Second,with government session

contributions tend to be above the group outcomes in theno government sessions. Third, there is

little evidence of significant contributions decay across periods.

The government tax policy is not completely crowded-out. Total contributions are significantly

higher in thewith government treatment. Figure3 graphs the mean group contribution by round

7Ledyard (1995) is an excellent review of the literature. Ribar and Wilhelm (2002) analyze the importance of
group size effects as it relates to public good crowd-out. Groups of size four have been common since Cox, Smith,
and Walker (1988) demonstrate behavior in first-price auctions is similar among groups of four, five, or six.

8All handouts and instructions are available upon request.
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Session Treatment Mean

1 No government 358

2 No government 333

3 No government 318

4 No government 343

5 With government 345

6 With government 356

7 With government 335

8 With government 349

Table 2: Group Mean Contributions

and by treatment. The mean group contribution in theno government policy treatment is 338 while

the mean is 346 in thewith government policy treatment. Both means are above the benchmark

prediction of 320. Contributions are 5.6% higher in theno government policy treatment and 8.1%

higher in thewith government policy treatment than predicted by the baseline model.

Figure4 displays histograms of the pooled group contributions by treatment. The tax policy

reduces the frequency of group contributions in the range of320 to 329, and increases the frequency

of group contributions greater than 380, Furthermore, the distribution of contributions under the

with government policy treatment first-order stochastically dominates that undertheno government

policy treatment.

4.2 Hypothesis Tests

We have two main hypotheses about group-level predictions to test. One test relates to the level

of contributions in each treatment. The second test is for crowd-out and relates to changes in the

level of contributions between theno government andwith government environments. We treat the

session as the unit of independent observation, and so the data for these tests are the eight session

means, where each session mean is based upon the 30 observed group contributions decisions

generated per session. The eight session means are reportedin Table2.

The null hypothesis in theno government treatment is group contributions total 320, the pre-

diction from the baseline model. A two-tailedt-test of this hypothesis yieldst = 8.5; we can reject

the null hypothesis at the 1% significance level. The corresponding null hypothesis in thewith

government treatment is tax inclusive group contributions of 320 is also rejected at the 1% signif-

icance level (t = 14.3). The mean contribution in both treatments is significantly greater than the

baseline model dominant strategy of 320.

The complete crowd-out hypothesis test is based upon a comparison of theno government
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no government with government

z-score 0.80 -0.18

Prob> |z| 0.42 0.85

Table 3: Cuzick’s nonparametric test for trend

to thewith government session observations. The null hypothesis is that the data from the two

treatments are drawn from the same parent population. Alternatively stated, the null hypothesis is

that the median of thewith government population is the same as the median of theno government

population. The alternative hypothesis is that thewith government median is greater than theno

government median. We utilize a Robust Rank Order test to test for the presence of crowd-out. The

test statisticU takes on a value of 6.29 and the null hypothesis is rejected atthe 5% significance

level (one-tailed test).9 Crowd-out is incomplete.

The estimated mean degree of crowd-out is 90%. This is greater than what is reported in

other experimental findings. Andreoni (1993) estimates crowding out to be 71%, while Chan et al.

(2002) report a range of 64% to 75%, increasing with the size of the tax policy.

A common observation in public good experiments is decay, which is a decline in contributions

over time toward the predicted stage game equilibrium. It ispossible that our finding of mean

contributions greater than 320 is a result of players over-contributing in the early periods before

settling on the dominant strategy of the benchmark model. Although the display of the data in

Figure3 suggests that this is not a feature of behavior in our experiment we also provide a formal

test of the decay hypothesis.

Cuzick (1985) and Altman (1991) provide a non-parametric test for contribution decay. The

null hypothesis is that group contributions are serially independent. The statistical test is an exten-

sion of the Wilcoxon rank-sum test. The results, as reportedin Table3, suggest that contributions

decrease slightly in thewith government policy and increase slightly in theno government policy

treatment. However, neither treatment displays a trend of decreasing contributions over time that

is statistically significant at the 5% significance level.

4.3 Individual Contributions Data

The group contributions data are consistent with both the warm-glow model and the model of logit

choice with warm-glow, but are inconsistent with the logit choice model without warm-glow. An

examination of individual contribution data distinguishes between these two models and provides

9We also performed a non-parametric Wilcoxon rank sum test (also known as the Mann-Whitney test). This test
yields az-score of -2.5, which rejects the null hypothesis and suggests that group contributions in thewith government
treatment are significantly greater than those from theno government treatment.
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Period

Treatment 1 2 3 4 5 6 7 8 9 10

no government 31% 29% 31% 29% 44% 29% 29% 38% 29% 38%

with government 25% 31% 23% 27% 27% 25% 25% 17% 35% 23%

Table 4: Percentage of subjects contributing the dominant strategy (n = 48 subjects)

further insight to the participant response that generatesincomplete crowd-out. The tax policy

alters the proportion of participants contributing the baseline model dominant strategy versus other

contributions. It is this change in the number of players contributing the dominant strategy that

leads to the observed incomplete crowd-out.

A striking feature of the individual-level data is that the dominant strategy and the strategy

corresponding to the Pareto efficient outcome are played with high frequency. Table4 reports the

percentage of the 48 subjects (per treatment) in each periodwho contribute the baseline model

dominant strategy quantity of 80. The percentage of subjects contributing the dominant strategy

does not systematically increase with repetition of the game. In theno government policy treat-

ment, the percentage of subjects contributingg⋆ in the first period is 31%, and increases to 38%

in the tenth period. In thewith government policy treatment, the number contributing the baseline

model dominant strategy decreases slightly (by two percentage points) when comparing the first

and final periods.

The top panel in Table5 displays the number of individuals making the following contributions

in the first period by treatment: the dominant strategy, the dominant strategy±1, the dominant

strategy±5, the Pareto efficient contribution, the Pareto efficient contribution minus 1, and the

Pareto efficient contribution minus 5. The bottom panel shows the same range of contributions,

but for the final period. In the first period, players in thewith government policy treatment are

less likely to contribute the dominant strategy and are muchmore likely to contribute the Pareto

efficient quantity. The pattern is similar in the tenth and final period. In the tenth period, players

are somewhat less likely to contribute amounts near the baseline model dominant strategy in the

with government policy treatment, but they are much more likely to make the Pareto efficient

contribution.

Figure5 shows the cumulative empirical distribution function of all choices by treatment. In

theno government policy treatment, 157 of the 480 choices (32.7%) were of the dominant strategy,

and 60 of the 480 choices (12.5%) were of the Pareto efficient strategy. In thewith government

policy treatment, 124 of the 480 choices (25.8%) were of the dominant strategy, and 96 of the 480

choices (20.0%) were of the Pareto efficient strategy.

Analysis of the individual contribution data provides evidence of multiple player types. We
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Period 1 Choice

Treatment g⋆ g⋆±1 g⋆±5 gPE gPE −1 gPE −5

no govenment
15

(31%)

19

(40%)

26

(54%)

5

(10%)

5

(10%)

6

(13%)

with government
12

(25%)

16

(33%)

21

(44%)

12

(25%)

14

(29%)

17

(35%)

Period 10 Choice

Treatment g⋆ g⋆±1 g⋆±5 gPE gPE −1 gPE −5

no govenment
18

(38%)

19

(40%)

27

(56%)

3

(6%)

3

(6%)

4

(8%)

with government
11

(23%)

12

(25%)

28

(58%)

9

(19%)

9

(19%)

12

(25%)

Table 5: First and last period contributions by treatment

categorize players into one of three types.Dominant strategy players are those who choose the

dominant strategy more than 3 times out of the 10 choices.Pareto strategy players are those

who choose the Pareto strategy more than 3 times out of the 10 choices. The remaining players

generally vary their choices period by period. For these players, we estimate the parameters of

the logit model with warm-glow. We assume a functional form of φ (gi) = gk
i for the warm-

glow function, with 0< k < 1. Values of the logit parameterµ and the warm-glow parameter

k are estimated jointly by maximum likelihood.10 Recall that with this specification, the logit

distribution for choices is independent of the strategies played by other players; therefore, the

presence of the dominant strategy and Pareto strategy typesdoes not affect the estimation. This

makes this estimation process more robust in the sense that we do not need to rely on mutual-

consistency assumptions such as the one underlying the QRE;we need not assume that our warm-

glow choosers are aware of the presence or the proportion of dominant or Pareto strategy players.

Figure6 displays the distribution of choices in theno government policy treatment for play-

ers not in the dominant strategy nor Pareto strategy categories, and the logit model estimated by

maximum likelihood. The estimated parameter values areµ = 1.08,k = 0.60, with log-likehiood

-813.1 on 239 observations. Figure7 displays the distribution of choices in thewith government

policy treatment for players not in the dominant strategy nor Pareto strategy categories, and the

logit model estimated by maximum likelihood. The estimatedparameter values areµ = 0.974,

10We assume a common warm-glow function for all participants used in the estimation. Of the participants in this
subsample, most varied their choice by small amounts periodby period, consistent with a logit model with period by
period shocks. Mean contributions of each participants do vary, but with almost all the mass of contributions between
80 and 90, our design is not sensitive enough to attempt to identify idiosyncratic warm-glow parameters.
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k = 0.56, with log-likelihood -890.0 on 247 observations. Note that the parameter estimates for

the logit model are similar across the two treatments. Participants in this category do not appear to

play focal strategies, such as multiples of 5 or 10, disproportionately often, except for the dominant

strategy and Pareto strategy which are focal for other reasons.

These results suggest that the own-payoff maximizing strategy was made clear to some propor-

tion of the participants, who found it compelling to choose in accordance with the own-earnings-

maximizing dominant strategy. Most of the difference in thegroup-level contributions between

the two treatments seems to be driven by changes in the proportions of the dominant-strategy and

Pareto-optimal choosers. Incorporating a warm-glow for giving plus a logit model for decision

noise organizes the distribution of choices of the non-dominant, non-Pareto types across the two

treatments.

5 Conclusions

This paper examines contributions to and crowd-out of a public good within a clean, controlled

economic environment. Our design was chosen to rule out several explanations of incomplete

crowd-out not directly related to preferences. We use a payoff specification with a dominant strat-

egy for subjects whose goal is to maximize their own earnings, and a computer interface which

transparently communicates the dominant strategy. Randomanonymous rematching across the ten

decision periods rules out repeated-game strategies and reciprocity. We use a fine-grained decision

space, and avoid framing and presentation effects due to changing the size or indexing of the de-

cision space. In the no government treatment, the number of observed contributions less than the

symmetric Nash equilibrium contribution is 40% of the totalin both Andreoni (1993) and Chan et

al. (2002). We find only 13% of the observations are less than the Nash equilibrium contribution

in this experiment. We interpret this as evidence of both theefficacy of the graphical user interface

and that deviations from the dominant strategy are predominantly deliberate choices.

We find that group-level contributions when there is no government tax exceed the predictions

of the baseline model. When a government tax towards the provision of the good is imposed,

crowd-out is incomplete; total contributions inclusive ofthe tax are higher in the with government

treatment than in the no government treatment. After each decision making round, participants are

shown their choice and the market statistic (the average choice of others). Given that participants

can easily determine the best response to any market statistic, the observation that mean contri-

butions are greater than the Nash prediction suggests that some participants realize their choices

benefit others. These results are consistent with a model of warm glow giving.

The individual-level data suggest there are three participant types: dominant-strategy choosers,

Pareto-optimal choosers, and those who vary their choice round by round. We organize the choices
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of this third group using a logit model of noisy payoff evaluation combined with an additive warm

glow utility term. We find that estimates of the logit and warm-glow parameters are comparable

between the two treatments. Therefore, most of the difference in group-level contributions between

the two treatments is driven by changes in the relative proportions of the dominant-strategy and

Pareto-optimal choosers.
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Figure 1: The graphical user interface.
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Figure 2: An example of the outcome screen.
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Figure 3: Mean Group Contributions, by Round and Treatment.

23



260 270 280 290 300 310 320 330 340 350 360 370 380 390
0

5

10

15

20

25

30

35
No government
With government

Figure 4: Frequencies of Group Contributions, by Treatment.
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Figure 5: CDF of individual choices, by treatment
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Figure 6: Actual and estimated logit CDFs of choices, no government policy
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Figure 7: Actual and estimated logit CDFs of choices, with government policy
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