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“What institution of government could tend so much to promote the happiness of mankind
as the general prevalence of wisdom and virtue? All government is but an imperfect remedy
for the deficiency of these.” (Adam Smith 1759)

1 Introduction

When government provision of public goods reduces the level of private provision of those
same goods, a process of “crowding out” has taken place. The theoretical channel by which
crowding out may occur was introduced many years ago (Bergstrom et al. 1986). And, even
though there seems little doubt as an empirical matter that crowding out exists, the empirical
evidence differs widely in scale. Field studies include Payne (1998), Hungerman (2005),
and Hungerman (2009). Laboratory economics experiments (Andreoni 1993; Chan et al.
2002; and Eckel et al. 2005) also have detected intermediate levels of crowding out. The
experimental design presented here, however, tests a different phenomenon we call “reverse
crowding out.” We define a formal version, complete reverse crowding out, which is the
reduction of government-provided public goods associated with greater private provision to
at least maintain the overall level of the public good.

The recent paper by Gruber and Hungerman (2007) regarding New Deal social service
expenditures provided the motivation for this research. Gruber and Hungerman note that re-
ligious contributions for social services remained steady through the early years of the Great
Depression, but began to tumble in the period of 1933–1934, coinciding with FDR’s imple-
mentation of relief and works projects. Eventually religious contributions settled in at about
30% less than their earlier level. Gruber and Hungerman estimate that, even though the rate
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of crowding out was not large, the massive increase in federal social service expenditures
can account for nearly all of the reduction in private religious transfers. Is such a historical
level of crowding out reversible? By abstracting from the complex environment of the field
into the laboratory we investigate whether there are conditions under which an exogenous
and inefficient tax is abandoned in favor of a more efficient voluntary process.

In the dire circumstances of the Great Depression and with the continued influence of
movements such as the “Social Gospel”,1 the private sector and churches transferred their
roles as the chief providers of charitable and compassionate public goods to the govern-
ment.2 We are interested in whether or not the historical crowding out of religious provision
of public goods is reversible. And, if reverse crowding out could happen, what conditions
would such a reversal require? The laboratory experiments reported here are a first step.
Although an experiment cannot recreate the historical scope of the Great Depression, we
believe that our experiments can elucidate some of the causal relationships that might ac-
company a change in decisions about the provision of charitable public goods.

We report a series of linear public goods experiments, intentionally ordered in four stages,
to test two changes in the economic environments which we identified as possible enhancers
of the private provision of public goods. Our participants first experience a fully voluntary
cycle of the provision of public goods, followed by a cycle with partial provision through
mandatory taxation and the possibility of additional voluntary provision. We then introduce,
in the third stage, institutional endogeneity by offering participants a choice of using either
voluntary contributions or the tax scheme (or both) to provide the public good. Therefore,
our first research question is: will participants become so acclimated to an exogenous taxa-
tion regime that they never choose to return to lower levels of taxation? Or, if they do return
to lower taxes, is this accompanied by maintenance of the level of public goods provision?
In other words can reverse crowding out be observed in our simple laboratory environment?

The second research focus is whether the likelihood of returning to voluntary provision
of the public goods at a lower tax rate while maintaining high levels of provision can be
increased by consistent cooperation from a subset of the group. We investigate this question
by a treatment condition across groups. We implement a fourth stage of the experiment in
which we raise the marginal per-capita return (MPCR, see Isaac et al. 1984) of some group
members in half of our sessions. We refer to these group members as “agents of grace.” The
MPCRs of the agents of grace are increased so that contribution to the private provision of
the public good in the voluntary process becomes a single-period dominant strategy.

The following is a preview of our experimental results. We conducted ten sessions with
a standard subject pool. The introduction of both the exogenous and endogenous tax treat-
ments produce a time path of aggregate provision of public goods that has less decay than
was exhibited in the opening periods. The data were idiosyncratic by group. Moreover, the
dual phenomena of complete reverse crowding out while also obtaining near optimal lev-
els of provision of the public good is never observed. However, one striking result was the
power “trust” had in explaining the variation in tax rates.

Turning to the individual results we chose to focus on residual cooperation and voting
behavior. (We define “residual cooperation” as the percentage of after-tax tokens contributed
to the group exchange.) The results point to a suggestive but not definitive influence of the
agents of grace on non-agents. In Sect. 4 we make this case with caution and note the need

1The movement of the Social Gospel is associated with the fulfillment of biblical commands to care for the
poor and build God’s Kingdom on Earth through an activist government. It was most prominent in the late
19th and early 20th centuries.
2See Cornuelle (1993) and Olasky (1996).
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for further research. We present a statistical analysis of residual giving that examines its
other possible determinants, such as the level of the tax and the subject’s divergence of
revealed preferences and the results of the tax vote. We also analyze the individual tax votes
to test the hypothesis of a “ratchet effect,” but find no statistical significance for such voter
behavior.

The remainder of the paper is organized as follows. Section 2 discusses the details of
our experimental design. Section 3 offers some hypotheses as to what we might expect to
observe, both from traditional models and from behavioral conjectures built around our defi-
nition of reverse crowding out. Section 4 presents the experimental results. Finally, in Sect. 5
we offer some conclusions and directions for further research. In particular, we discuss two
additional sessions in which we made multiple design changes in an attempt to create an
environment in which we could observe a case of substantial reverse crowding out.

2 Experimental design

Andreoni’s (1993) experimental design on crowding out was constructed to focus on “warm
glow” and incomplete crowding out. But, because we are asking different questions, we be-
gin down a new path.3 First, we want a larger group dynamic, so our experiments consist
of seven persons. Secondly, we drop the interior Nash-equilibrium payoff structure and re-
turn to a linear voluntary contributions mechanism (VCM) with its stage-game dominant
strategy because we are interested in a world of strong incentives for free riding.4 While
recognizing the sharp theoretical predictions of the linear VCM, the empirical reality (re-
peatedly demonstrated in laboratory experiments) is that of positive, but non-optimal, levels
of public goods provision. A standard research question has been to examine those institu-
tional features that can maximize the efficiency of the system (an example being face to face
non-binding communication, as in Isaac and Walker 1988).

We look at a specific mechanism sequence: (1) Purely voluntary contributions, (2) Exoge-
nously determined forced government provision (taxation) combined with voluntary contri-
butions, and then, (3) Endogenously determined taxation combined with voluntary contri-
butions.5 In any stage with a tax, voluntary contributions are allowed beyond the tax-based
minimum through the VCM process. To implement this, our baseline is sequence of four
stages [A, B, C, D] of seven periods each. (The fourth stage involves a change in prefer-
ences, as is discussed below.)

For Stage 1, seven subjects participate in a standard VCM design. Each subject has the
task of investing 100 tokens in either an individual or a group exchange. Investment in the

3Andreoni used a relatively small group (three subjects) with a concurrent “payoff chart” technology and
incorporated an interior optimum and equilibrium. Indeed, the term “crowding out” in Andreoni’s sense is an
exercise in comparing equilibrium levels of contribution. In fact, it requires that there be a non-cooperative
equilibrium in which each individual has a positive contribution to the public good. Furthermore, in the stan-
dard environment, there is no difference in the productivity of private and government provision. Government
provision is observationally equivalent to a required “minimum contribution” in the voluntary contributions
mechanism (indeed this is how it was explained to the subjects). Many other researchers, for purposes of com-
parability, have used this same structure. In this structure, there can be no “reverse crowding out” because
nothing the individuals can do can change the level of the experimenter imposed “minimum contribution.”
4We use the term “equilibrium” only in the sense of individual-income maximizing preferences.
5Another stream of research into crowding out has been to look at individual decisions in dictator game
experiments (see Eckel et al. 2005).
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individual exchange returns a one token payment with certainty, while the group exchange
operates as a VCM process with a marginal per-capita return (MPCR) = 0.5.

In Stage 2, we come the closest to matching the Andreoni design. We impose a tax of 30
tokens upon every participant to fund a minimum level of the public good. The tax efficiency
of 80% means that 24 tokens are actually transferred to the group exchange for each person;
six tokens disappear.6 The reason for the tax inefficiency is that we wanted to model a world
in which participants had a preference for private provision of the public good over tax-
based provision. This could represent actual physical and organizational inefficiency in the
government provision of social services, or population preferences that value government
provision less. Either story fits our design.

In Stage 3 we introduce the heart of our inquiry. While the role of government and the
levels of taxation are exogenous in most of the existing literature, we are interested in en-
dogenous institutional choice.7 In Stage 3, participants are allowed to choose the tax level
through a voting mechanism, with the VCM operating on their residual tokens. We use a
median voter process. Each participant submits a number from 0 to 100 (the per-period
endowment of tokens) and the experimenter chooses the median tax.8

Finally, we are interested in how endogenous institutions respond to changes in individual
preferences. Presumably, religious institutions will be among those likely to attempt reverse
crowding out if individuals in the community/society become more receptive to personal
action. Therefore we introduce a final experimental stage, Stage 4, in which some individuals
become more receptive to voluntary provision of the public good. We call these individuals
our “agents of grace”. Two of the seven participants are randomly chosen in advance to have
their MPCRs increased to 1.43 (accomplished by lowering their return on their individual
exchange).9 The fact that a change in incentives is possible is announced, but neither the
exact form nor the distribution is announced to the individuals.

We can now use Table 1 to summarize the 15 sessions conducted in this experiment.
In a traditional experimental economics design, we might desire to unravel sequencing ef-
fects among the four treatments. However, our stage sequencing is integral to the underlying
historical motivation. Stage 1, the “A” treatment, is analogous to the pre-New Deal period
with a reliance on the voluntary provision of charitable goods. Stage 2, the “B” treatment,
captures a change to a non-trivial level of tax-based support for the public good. Stage 3,
the “C” treatment, may be viewed as a modification in which the political system can en-
dogenously move to higher or lower taxes, given that the participants have had experience in
both a no-tax and a fixed tax regime. Finally, Stage 4, the “D” treatment is not historical but
forward-looking. This treatment, in which endogeneity is combined with transformed pref-
erences (for a subset of the population) towards increased private provision of the public
good, models new theories of the development of limited government.

6The 20% inefficiency figure is not intended to be an advertisement for an actual field scale. It is one that is
not so small as to be trivial.
7One part of our design is addressed by Sutter and Weck-Hannemann (2004), in which subjects are allowed
to vote yes/no by majority vote on an exogenously suggested tax scheme.
8See Holcombe and Kenny (2007) for information on actual field implementations of this voting mechanism
in Florida school finance elections. We chose this mechanism simply so as to avoid the need to structure
complicated agenda procedures such as would be needed in majority rule (see Capra et al. 2008) who used
a random-proposer process with majority rule in a coordination game). An additional point about Stage 3 is
that the group responsible for the possibility for reverse crowding out is already formed; there is no group
organization problem. This may not be in true in every field analog to “Stage 3.” We appreciate editor Peter
Leeson for emphasizing this point.
9In the parlance of some public goods research, this would be known as raising only the “inside” MPCR.
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Table 1 Experimental design by treatment

Baseline
[A, B, C, D]
(5 Sessions)

Control
[A, B, C, C]
(5 Sessions)

Exogenous reversion
[A, B, A, A]
(5 Sessions)

Traditional VCM Stage 1 Stage 1 Stage 1, Stage 3,
and Stage 4

Exogenous Tax Stage 2 Stage 2 Stage 2

Endogenous Tax Stage 3 Stage 3 and Stage 4 N.A.

Endogenous Tax Plus
Agents of Grace

Stage 4 N.A. N.A.

Despite the rationale for this specific sequencing, there are still some control possibilities
open to us. First, because voluntary contributions public goods environments have a robust
pattern, we can use the data in Stage 1 to make sure that nothing unique to our sessions
is causing any untoward influences on the results. Given this control, the Stage 1 results
provide a good benchmark for the institutional changes which follow.

In addition, the effects of the introduction of the agents of grace in the five “Baseline”
sessions can be compared to five sessions in our “Control” design: [STAGE 1, STAGE 2,
STAGE 3, STAGE 4] where Stage 4 represents periods 21–28 conducted without any agents
of grace (and thus is an [A, B, C, C] design).

Likewise, in the five “Exogenous Reversion” sessions, there is no institutional endogene-
ity. After the tax is imposed in Stage 2, Stages 3 and 4 revert to a traditional linear VCM
with no endogenous taxes, and no changes in preferences (and thus follows an [A, B, A, A]
design).

We say that we conducted a “Stage 4” segment in the Control and the Exogenous Re-
version sessions rather than one 14-period Stage 3 segment because in the Control and Ex-
ogenous Reversion sessions we included the same “break” in the subjects’ decisions as was
needed in the Baseline experiment to implement the change in MPCRs for the agents of
grace. We did this for the sake of parallelism and to control for any possible “restart effects”
inherent in the mechanics of introducing a fourth stage. Specifically, we replicated in the
Control sessions a similar intervention in the introduction of the final seven periods.10

The standard local recruitment protocol using an undergraduate subject pool was fol-
lowed. Subjects were guaranteed $10 (US) as a show-up fee, and total earnings were typ-
ically in the $20 (US) to $40 (US) range for a time commitment of between one and two
hours. However, we also conducted two sessions with a special undergraduate subject pool
from a group formed endogenously outside of this experiment. A full motivation and ratio-
nale of this treatment is delayed until Sect. 5.

Finally, the following information conditions were maintained throughout all sessions.
When voting opened the period, individuals made their tax votes simultaneously. The me-
dian voter result (if applicable) was announced before participants made their contribution
decisions. At the end of the period, individuals were informed of their earnings, including a
specific report of total tokens invested in the public good. The pattern of individual contribu-
tions was not reported. The subjects did not receive the text of the changes in the instructions
(for subsequent stages) until they occurred.

10See mailer.fsu.edu/~misaac for a complete copy of the all instructions and all data. As will be seen in a
later figure, there was a small restart effect in period 22.

http://mailer.fsu.edu/~misaac
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3 Hypotheses

The underlying VCM admits the standard theoretical properties. With preferences defined
only on own-payoffs, in the stage game full investment in the individual exchange is the
dominant strategy while the group income-maximizing outcome is for each participant to
invest all tokens in the group exchange.11 That dominant strategy is unchanged with the
exogenous tax. As mentioned previously, the standard empirical result from multi-period
VCMs is that contributions begin significantly above the free riding prediction and then de-
cay. Our first, maintained hypothesis is that there is nothing about our group size, MPCR,
instructions, subject pool, or laboratory environment that is unusual in this regard. Specifi-
cally, Stage 1 opens in all three conditions with a standard, stark, linear public goods VCM.
Our first hypothesis is as follows:

Hypothesis 1 In Stage 1, contributions to the group exchange begin well above zero, and
begin a process of decay.

In light of almost 30 years of experimental public goods research the likelihood of the
full free-riding prediction in Stage 1 is low. Likewise, the institution of the exogenous tax
in Stage 2 puts a floor under the provision of the public good. Instead, the more interesting
research and hypotheses emerge in Stage 3 and Stage 4 with respect to reverse crowding
out, which in our institution involves both contributions and tax decisions.

A central point of this paper is that the endogeneity of institutions will alter behavior in
Stages 3 and 4. So, our broadest expectation is as follows:

Hypothesis 2 Provision of the public good in Stages 3 and 4 will be greater than anticipated
from the traditional free-riding model in the Baseline and Control treatments. This will be
in contrast to the sessions in which the institution is exogenously reverted to the standard
VCM (the Exogenous Reversion treatment).

The last point in the hypothesis is motivated as follows. The Exogenous Reversion treat-
ment in Stages 3 and 4 lacks the endogenous institutional richness of the Baseline and Con-
trol series. In fact, the Exogenous Reversion treatment simply replicates the same restrictive
message space of the traditional VCM and Stage 1. In the absence of the endogenous tax
institution, there is limited ability to signal or creatively solve the collective action problem.
Environments that lack such institutions typically dissolve into free-riding situations. Our
hypothesis about the Exogenous Reversion sessions could be proven wrong if the Stage 2
exogenous tax creates a focal point for later contributions.

Beyond Hypothesis 2’s general statement that “endogeneity matters,” we are specifically
interested in a phenomenon that we have reverse crowding out. A complete manifestation
of reverse crowding-out would occur if tax rates fell and total contributions to the group ex-
change increased. Thus, for purposes of a formal standard, we will say that we have observed
“complete reverse crowding out” (CRCO) if the following two conditions are met:

• Condition 1: The subjects choose a lower tax rate than the 30 tokens per person imposed
in Stage 2; and

• Condition 2: Total provision of the public good does not decrease.

11A robust literature assuming other-regarding preferences has developed in which other equilibria can be
modeled (see Fehr and Schmidt 1999).
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Notice that this is a definition of two conditions being met; it does not specify the causality.
One could imagine either that the behavior is viewed as falling tax rates inducing more
private contributions, or larger contributions facilitating lower tax rates.12 And, an issue to
which we will return later is this definition requires only that contributions to the public
good not decrease. It does not require that they be close to socially optimal. The remainder
of the hypotheses section will endeavor to classify when contributions, votes, or taxes will
be higher or lower.

As we began to assemble the data, a pattern seemed to emerge from the early sessions.
We formalized a hypothesis and tracked it through the completion of the ten endogenous-
institution settings. Thus, we advertise the following hypothesis as one that we did not define
prior to experimentation, but neither did we construct after the fact:

Hypothesis 3 Groups who previously experienced relatively higher levels of cooperation in
Stage 1 will choose relatively lower tax rates in Stage 3.

We opened the paper with a quotation from Theory of Moral Sentiments in which Adam
Smith writes, “All government is but an imperfect remedy for the deficiency of [wisdom and
virtue]”. If a population prefers a positive provision of the public good but individuals do
not expect other members of this population to contribute to the VCM they may view the
taxation system as a commitment device.

We have posited tax rates that are lower than those in Stage 2 as a necessary, but not
sufficient, condition for what we have called complete reverse crowding out. Our definition
requires that along with a reduction in the tax there must be a corresponding increase in
voluntary provision. Thus, the basis for successfully achieving complete reverse crowding
out must be derived from a belief that other group members are willing to contribute through
the voluntary process. Such expectations about others’ willingness to contribute correspond
to a large literature on social capital which emphasizes how trust and closeness of rela-
tionships determine the paths selected to solve collective action problems (Coleman 1986;
Gambetta 1988; Putnam 1993).13

This hypothesis underscores the frailty of the VCM and the importance of trust. To the
extent that early interactions will influence later voting and contributions decisions we can
expect that groups with lower levels of trust will not reduce tax rates and hence will not
obtain CRCO. Put another way, groups with lower levels of initial contributions will not be
able to develop the necessary expectations to contribute to financing large quantities of the
public good when the commitment device of the endogenous tax becomes available. Thus,
these groups will adopt higher taxes which cause Condition 1 for CRCO not to be satisfied.
Secondly, higher tax rates are unlikely to support cooperation to a level great enough to
satisfy Condition 2.

There are obvious countervailing forces against the adoption of CRCO, driven by the
nature of the median voter mechanism. The median voter tax mechanism in Stages 3 and 4

12Notice that this definition also does not specify the absolute magnitude at which the provision of the public
good is maintained. This will be an additional criterion for evaluation.
13Robert Putnam popularized the term “social capital” to many social scientists. His version of that concept
identifies capital which facilitates cooperation. Among these are established norms, trust, and organizational
structures. In this abstract experimental environment we focused on “trust” as the salient aspect that builds
up social capital. There are, however, other notions about social capital that predate Putnam which have been
surveyed (Portes 1998). We have also cited Coleman (1986) and Gambetta (1988) because they focus on the
important individual incentives for trusting and acting as a group, which require positive expectations about
the responses of others.
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produces a multiplicity of equilibria in which focal points are important. If we assume that
people have selected the endogenous tax because voluntary contributions are not forthcom-
ing (that is, free riding will be abundant), and, the median voter can improve his/her earnings
by casting a higher vote, the full tax may be both desirable and focal for the group. Below
we describe the theoretical plausibility of the “ratchet effect” in this experiment.

Consider that the choice of a subject can be represented as the pair 〈ti , pi |T 〉, meaning
that each subject chooses a vote for a tax, ti , and, conditional on the tax rate actually cho-
sen, T , a proportion, pi , of his untaxed funds to contribute to the group good. In the stage
game, whatever tax is chosen, it will remain a dominant strategy in the subgame to set pi ,
what we will call the “residual contribution,” equal to zero. The only remaining question
is “What vector of tax choices support an equilibrium?” The following provides a partial
characterization of the outcomes in Stage 314:

Let V ∗ be any vector (〈t1,0〉, . . . , 〈t7,0〉) with the properties that (a) each person con-
tributes no residual tokens to the group exchange regardless of the value of T , and (b) that
no one person could have altered the median vote. Then V ∗ is an equilibrium.

One category of outcomes that does not contain equilibria can be described as: For any
vector V = (〈t1,p1(T )〉, . . . , 〈t7,p7(T )〉), if V has the property that the tis are strongly
distinct, then V is not an equilibrium.

The first statement has the following corollary. The set of equilibrium vectors so char-
acterized includes both what we call the “full tax outcome” represented by the vec-
tor (〈100,0〉, . . . , 〈100,0〉) and the “full free riding outcome” represented by the vector
(〈0,0〉, . . . , 〈0,0〉). The former Pareto dominates the latter. The idea of finding the maxi-
mum tax seems very focal (even though the 20% inefficiency means that it is not the group
optimum). The first statement also suggests the manner in which this mechanism could be-
come “stuck” at intermediate levels of taxation, perhaps at the initial level of 30 tokens per
individual.

The second statement is important because it suggests a way in which the full tax out-
come could be achieved. If intermediate levels of taxation occur with distinct votes, then
one person can change the level of the tax. By assumption T < 100, and the pivotal person
recognizes that he could have increased his earnings by voting for a higher tax. In a dynamic
setting, this might provide for a “ratchet effect” in which taxes increase in stages until full
taxation is reached. This leads to our next hypothesis:

Hypothesis 4 Groups that utilize the endogenous tax system are likely to adopt higher taxes
over time. This hypothesis is analogous to the “ratchet effect”.

Finally, we turn to the conjecture that motivated our creation of the agents of grace in the
Baseline sessions:

Hypothesis 5 Agents of grace will facilitate reverse crowding-out by influencing non-
agents to contribute more tokens to the group exchange.

This hypothesis rests on two conjectures. One recognizes the importance of trust, which
Gambetta defines as “the subjective probability with which an agent assesses that another
agent or group of agents will perform a particular action” (Gambetta 2000). Secondly, be-
cause large portions of the population have been categorized as “conditional cooperators”

14The Stage 4 outcomes need only be adjusted by the change in the dominant strategies in the stage game.
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(Brandts and Schram 2001; Fischbacher and Gächter 2001) we should believe that improved
cooperation from a subset of the group will favorably alter such subjective probabilities for
non-agents. Thus, these non-agents will respond with increases in their voluntary group
contributions. This hypothesis is not trivial. Brookshire et al. (1988), Fisher et al. (1995)
and Reuben and Riedl (2009) all report small or weak support for the idea that individuals
with more substantial private incentives for contributing to the public good will affect the
decisions of others.

In summary, the VCM is a two-pronged game based on preferences and expectations.
The inefficiency of the tax-provided public good induces a preference for private provision;
however, if expectations about others’ contributions break down we believe that the com-
mitment device of the tax will seem desirable. We have conjectured that by inducing new
preferences in the agents of grace, their behavior will be changed, subsequent expectations
can be altered and reverse crowd-out can be facilitated.

4 Experimental results

4.1 Aggregate results

We begin by examining the aggregate results, first on the provision of the public good,
then on the aggregate decisions from the endogenous tax periods. We will organize the
presentation by stages.

4.1.1 Stage 1: Standard VCM

The sessions begin with the seven periods of Stage 1, which are a standard linear VCM
environment and allow us to calibrate the group’s behavior in the absence of any of the
tax treatments. Based upon the substantial literature on VCMs (see Davis and Holt 1993),
we would expect that groups in Stage 1 would begin with contribution levels somewhere
between the social optimum and the free-riding equilibrium, with a process of decay later
setting in. Indeed, this is the case in each of our ten sessions. Table 2 presents the results
of an OLS regression on the first seven periods’ results for each session. These regressions
predict total contributions to the group exchange with an intercept and a coefficient on period
(1–7). It can be seen easily that the intercepts are all at least mid-way between zero (the
free-riding prediction) and 700 (the social optimum). The coefficients on “period” provide
a measure of the decay tendencies in each session. Fourteen of the 15 decay coefficients are
indeed negative, and even with only seven observations, 12 of the 14 negative coefficients are
statistically significant. We conclude that nothing in our computer interface, instructions, or
local subject pool leads to any unexpected results in the standard VCM environment. These
tests are satisfactory to accept our first hypothesis (Hypothesis 1).

4.1.2 Stages 2 and 3: Addition of the tax institutions

Here, we examine whether and how the two alternative tax institutions affect provision of
the public good. Stage 2 implements an imposed 30-token per-person, per-period tax that
operates at 80% efficiency. Stage 3 (in the Baseline and Control treatments) replaces the 30-
token exogenous tax with an endogenously determined tax (still 80% efficient). Each panel
of Fig. 1 presents aggregate provision of the public good averaged across all sessions for
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Table 2 Intercept and decay
coefficients in Stage 1 (OLS)

t -Values are in parentheses. The
significance levels (one-tailed)
are: † (10 percent),
†† (5 percent), ††† (1 percent)

Intercept Decay Coefficient

Baseline 1 532.57 −23.00 (−4.37)†††

Baseline 2 591.71 −28.75 (−2.39)††

Baseline 3 498.71 −28.57 (−1.62)†

Baseline 4 488.57 −18.89 (−2.64)††

Baseline 5 569.29 −13.75 (−0.90)

Control 1 356.14 −32.82 (−4.60)†††

Control 2 456.14 −31.07 (−4.74)††

Control 3 599.14 −16.86 (−1.72)†

Control 4 482.86 −20.5 (−1.75)†

Control 5 412.43 −24.43 (−2.35)††

Exog Rev 1 638.43 −27.82 (−2.34)††

Exog Rev 2 473.00 −09.21 (−0.71)

Exog Rev 3 408.86 +11.89 (+1.50)†

Exog Rev 4 460.00 −06.25 (−1.42)

Exog Rev 5 547.29 −17.04 (−2.38)††

Stages 1, 2, and 3.15 The lower line is an extrapolation of the time paths of contributions as
estimated in the regressions for Stage 1 in Table 2. This line serves as one type of intra-group
calibration of the effects of the two tax institutions, and the comparison with respect to the
two panels serves as an inter-group comparison with regards to the endogenous nature of
the tax.16

A visual examination of Fig. 1 indicates the major difference in our endogenous insti-
tution sessions (top panel) and in our Exogenous Reversion sessions (bottom panel). In the
two endogenous institution treatments (Baseline and Control) one sees that in both Stage 2
(exogenous tax) and Stage 3 (endogenous tax) the time path of provision of the public good
has stabilized, with little or no decay. In contrast, in the Exogenous Reversion sessions the
parallel above-trend provision during the exogenous tax of Stage 2 rapidly disappears in
Stage 3. In a simple OLS-estimated decay structure parallel to that reported in Table 2,
all five of the Exogenous Reversion sessions exhibit decay (negative coefficient on period)
across Stages 3 and 4, with four of the five being statistically significant. In contrast, in the
same highly simplified regressions, only four of the ten sessions with endogenous taxation
exhibit decay, and in only one of the four cases is the negative slope coefficient statistically
significant.17 Put starkly, decay returns when the tax is removed exogenously, but not when

15In presenting the total level of the provision of the public good, the figure combines the voluntary contri-
butions plus the 80% of the tax receipts that are applied to the group exchange. Also note that because we
are considering only Stages 2 and 3, there are no treatment differences between the Baseline and Control
sessions, and so they can be combined.
16When the extrapolations from any of the ten sessions predicted a negative level of contributions to the
group exchange, we censored those predictions at zero in producing the line in Fig. 1.
17p-Values are 0.17, 0.09, 0.00, 0.01. and 0.00 for the negative slopes in the Exogenous Reversion sessions.
The corresponding p-values are 0.63, 0.49, 0.02, and 0.64 for the four negative-slopes in the Baseline and
Control sessions. In contrast, of the six baseline and Control Sessions with a positive slope coefficient, four
are statistically significant (p-values = 0.26, 0.00, 0.02, 0.01, 0.02, 0.00). As a final note, the average period
28 contribution from the Exogenous Reversion experiments is 227.6 (or 32.5% of optimum). If one looks at
all 14 periods from Stages 3 and 4, the mean group provision is higher in the Baseline/Control average in
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Fig. 1 Average provision of the public good across the first three stages

it is removed endogenously. We believe that this is adequate to accept the second part of
Hypothesis 2 that the Exogenous Reversion experiments return to a standard VCM pattern,
and we will not consider the data from these sessions any further in the paper.

all periods from 16 onward. In five of the final seven periods, that ordering is statistically significant on a
differences in rank test at p = 0.103 (the closest integer cut-point being a test statistic of 51).
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Table 3 OLS estimations of stage and stage-decay effects

OLS regressions Simple Stage Effects Stage Effects on Decay

Intercept 403.30 (0.00,0.00) 498.8 (0.00,0.00)

Stage 2 Dummy 5.14 (0.80,0.76)

Stage 3 Dummy −12.67 (0.55,0.45)

Period (1–21) (Overall Decay) −23.86 (0.00, 0.00)

Stage 2∧ Dummy 27.07 (0.49,0.69)

Stage 2∧ × Period (Change in Decay in
Stage 2)

13.19 (0.01,0.10)

Stage 3∧ Dummy 65.39 (0.28,0.054)

Stage 3∧ × Period (Change in Decay in
Stage 3)

14.22 (0.01,0.08)

Adjusted R-squared (n = 21, n = 210) −0.06, −0.04 0.80, 0.09

(Estimated Change in Provision of Public Good
Between Periods 7 and 8)

+108.73

(Estimated Total Decay Per Period in Stage 2) −10.67

(Estimated Change in Provision of Public Good
Between Periods 14 and 15)

+43.1

(Estimated Total Decay Per Period in Stage 3) −9.64

Estimated p-values in parentheses: the first p-value is for group average as an observation (21 observations);
the second p-value is for each session as an observation (210 observations). Significance at 0.01 is in bold
italics; at 0.05 in bold; at 0.1 in italics

Focusing instead on behavior in the Baseline and Control conditions with endogenous
taxation, we can check two simple statistical analyses (OLS regressions) presented in Ta-
ble 3. The first regression (left column) explains provision of the public good as a constant
with dummy variables for both Stage 2 and Stage 3. This regression should capture the
simple level effects of the two tax treatments. If the tax institutions are having no effect,
then the dummy variables should be negative and significant, reflecting the expected decay
of a standard VCM process. Instead, the estimated coefficients for Stage 2 and Stage 3 are
insignificant, indicating that the level of provision is not declining across these two stages.

The second regression (right column) focuses on the decay process by period, both across
all 21 periods in Stages 1, 2, and 3, and also within the seven periods of each of the Stages.
This regression includes the following variables:
Period (This is a time trend across all periods 1–21).
Stage 2∧; Stage 3∧ (These are constant-shift variables for the two stages. The ∧ signs are
added because the stage dummy variables are interpreted differently than in the previous
regression.)18

Stage 2∧ × Period (This is an interacted variable of Period × Stage 2∧. It will estimate the
per-period decay within Stage 2 as compared with Stage 1).
Stage 3∧ × Period (This is an interacted variable of Period × Stage 3∧. It will estimate the
per-period decay within Stage 3 as compared with Stage 1).

18The reason for this is as follows. The difference, for example, in Period 8 data (the first period of Stage 2)
from Period 7 reflects not only the change in the intercept evaluated at time zero (Stage 2∧ Dummy) but also
the accumulated eight periods of effects from the change in the decay effect (Stage 2∧ × Period).
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Given these regression structure, the same coefficients will be estimated whether an ob-
servation was considered an average across all ten sessions (21 observations) or a period in
each of the ten sessions (210 observations). The estimated p values and adjusted r-squared
will differ, and we report both.

The results in the second regression structure in Table 3 can be interpreted as follows.
The underlying estimated time trend beginning in Stage 1 (Period) is negative and highly
significant. On the other hand, the estimated coefficients on both Stage 2∧ × Period and
Stage 3∧ × Period are both positive and mostly significant, indicating that both tax regimes
flatten the decay initiated in Stage 1. The net total decay coefficients for both Stages 2 and
3 are shown in the bottom of the table; both are less than half the baseline decay rate. In
summary, we believe that the results presented above are adequate to accept the first part of
Hypothesis 2, namely that provision of the public good is higher than expected in Stages 2
and 3 of the Baseline and Control sessions.

It may not be surprising that the exogenous tax institution (Stage 2) serves to increase
the provision of the public good when compared to the default (standard VCM). Consider
both the field and laboratory evidence on crowding out. These studies typically demonstrate
that (a) crowding-out is incomplete but (b) nevertheless positive.19 Increases in government
funding of charitable activity raise the total level of the charitable good provided, but with an
associated reduction in private provision. (For example, this reflects the Gruber and Hunger-
man conclusions about private charity and the Great Depression). The results from Stage 2
indicate that we have captured at least the first component (crowding-out is incomplete) in
our laboratory environment: the exogenous tax has raised total provision of the public good
from its expected level. The individual results section will address whether the overall in-
crease in provision from the tax is accompanied by reductions in the residual gifts of the
individuals.

The aggregate results so far have looked at the average and common statistical tenden-
cies of the 10 sessions. However, average behavior (such as in Fig. 1) often masks marked
idiosyncrasies in individual sessions. For this reason, we present graphs of tax levels and
total provision of the public good for all 15 sessions in Appendix I (Figs. AI.1–AI.7). We
turn now to a classification of all ten of the endogenous tax sessions following our definition
of complete reverse crowding out (CRCO) from Sect. 3. Table 4 calculates whether aver-
age tax rates (“AVGTX3”) indeed fell in Stage 3, and, for those sessions that satisfied this
condition (Condition 1), whether total provision of the public good (“AVGGRPX”) was at
least as large in Stage 3 as in Stage 2 (Condition 2). The result is that there is only weak
evidence for the strict definition of reverse crowding-out from the transition to the endoge-
nous tax institution. While average tax rates fell relative to the exogenous level in six of the
ten sessions, so also did the level of provision of the public good in five of those six cases.
Only session C3 satisfies both of our requirements. (Another session, B2, had a lower tax
rate and an increase in provision of the public good when comparing Stage 4 to Stage 3, but
this brings up the issue of the agents of grace, which we will discuss later.)20

19Within these qualitative results, there is, nevertheless, a wide range of quantitative estimates regarding
crowding out. Andreoni’s laboratory subjects crowded-out at rates higher than typical field estimates of 5%
to 28%, although Andreoni appears to use a different measure of crowding out than many of the field experi-
ments.
20Notice that we do not account for what could be a downward trend in contributions across the periods of
Stages 2 and 3. This makes our calculations a stronger requirement for finding reverse crowding-out than
might be the case otherwise. The reader may be curious about Session B4, which failed the first test by an
increase in taxes of only 1.14 points per subject. Interestingly, that session had a corresponding small drop in
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Table 4 Satisfaction of the two
conditions for complete reverse
crowding out

AVGTX3 < 30? AVGGRPX3 ≥ AVGGRPX2?

Session B1 YES (26.07) NO (356.46 vs. 408.14)

Session B2 YES (4.28) NO (286.57 vs. 329.57)

Session B3 YES (13.00) NO (384.43 vs. 405.71)

Session B4 NO (31.14) NA

Session B5 YES (16.00) NO (302.03 vs. 430.86)

Session C1 NO (90.85) NA

Session C2 NO (59.00) NA

Session C3 YES (15.29) YES (483.45 vs. 480)

Session C4 NO (69.42) NA

Session C5 YES (6.00) NO (279.74 vs. 366.57)

Fig. 2 Average per-capita tax imposed in Stage 2 and then voted by the participants in Stage 3

4.1.3 Endogenous tax choices in Stage 3

Here we consider more closely the aggregate choices of taxation during the endogenous tax
regime of Stage 3. Figure 2 displays the average tax in Stage 2 (always equal to 30 tokens
per person because the tax is exogenously set by the experimenters) and Stage 3 (when it is
chosen by the participants through the median voter process).

average contributions (from 432.2 to 419.4), so this session is close to a wash, and hence a plausible, albeit
approximate reverse-crowding-out manifestation.
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Fig. 3 Relationship between average tax level approved in stage 3 and average public goods provision in
Stage 1. The OLS slope coefficient = −0.2021 (t statistic = −2.3189; Adj.R2 = 0.33)

Figure 2 indicates that there is a slight increase in the average tax level as Stage 3 pro-
ceeds. However, these average results mask a great deal of idiosyncrasy in the behavior of
the various sessions, as can be seen in Appendix I.

These idiosyncratic results indicate that conditions specific to the composition of each
group are capable of yielding different outcomes. In the process of examining these data,
we discovered an unexpected pattern that partially predicted what level of taxation different
groups would choose. When we conducted these experiments we did not anticipate the de-
gree of path dependency which would predict taxation levels selected by different groups.
Specifically, lower levels of Stage 1 public goods provision led groups to approve higher
taxes in Stage 3. This can be seen in Fig. 3, which displays the results of an OLS regression
of average Stage 3 taxes on average Stage 1 contributions.

Figure 3 illuminates our most robust result: groups who are less successful in Stage 1 opt
for public good provision via the government process later in Stage 3.

Thus, in this operationalization the trust conjecture Hypothesis 3 is found to be correct,
with important implications for the related social capital literature. Whenever the MPCR is
less than 1 no person can unilaterally make himself better off by contributing to the group
exchange. They must make themselves vulnerable and trust other members of the group. The
social capital literature highlights that such leaps of faith are fragile and trust can dissipate
quickly. On the other hand, if initial trust is high the group members will not need to lean
on alternative institutions, such as the endogenous tax, to provide the public good.

So while our theoretical discussion about the ratchet effect in Hypothesis 4 would high-
light the stability of the full-tax and zero-tax outcomes (and that free-riding remains the
standard equilibrium), the social capital literature would highlight how history shapes ex-
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pectations. The pattern of Fig. 3 demonstrates the power of this argument. The question
remains, however, whether this affinity for higher tax within low trust groups can be broken
by full and consistent contributions from the agents of grace. Investigation into the impact
of the agents of grace on other subjects will be presented in the individual results section.

To summarize, Hypotheses 1, 2, and 3 are supported by the aggregate data. With respect
to overall provision of the public goods both high and low trust groups produced higher
levels of the public good than would be anticipated by previous experimental literature. They
do, however, solve the collective action problem by different means. Moreover, the selection
of paths to solve the collective action problem stemmed in large part from expectations
developed between group members in Stage 1. We now turn to analysis of the individual
data.

4.2 Individual results

We focus on two types of individual data: residual cooperation and individual votes. First,
we examine the residual cooperation of each individual. Residual cooperation is measured
as an individual’s after-tax contributions to the group exchange divided by the total number
of after-tax tokens. Thus, residual cooperation is a percentage. (This measure obviously
requires excluding those observations from subjects in a group that has chosen a 100% tax.)
This inquiry leads us to consider whether the agents of grace are having an impact on the
residual cooperativeness of non-agents of grace. Secondly, our investigation of the individual
data would be incomplete without examination of the factors that influence individual votes.

4.2.1 Residual cooperation: descriptive statistics

Figure 4 graphs the average residual cooperation in the 14 periods of Stages 3–4 of three
separate groups of subjects. One group consists of those subjects who were in the Baseline
treatment and became agents of grace in period 22 (10 subjects). The second group consists
of those subjects who were in the Baseline treatment and were not agents of grace in Stage 4
(25 subjects). The final group consists of all of those subjects who were in the Control
sessions in which there were no agents of grace (35 subjects).

Two patterns are obvious from Fig. 4. First, the residual cooperation of the agents of
grace strongly reacts to the induced change in incentives in Stage 4. This is borne out
by simple descriptive statistics. Six of the ten agents of grace in the five baseline ses-
sions followed the dominant strategy of full contributions in every period. A seventh in-
dividual fully contributed in four periods and at least 80% elsewhere. Two other indi-
viduals alternated between four periods of full contribution but low contributions else-
where. Only one of the ten agents of grace showed no tendency towards any pattern of
full contributions. The conformance to dominant strategy outcomes increased in the last
period. These data are consistent with other findings of how frequently individuals ex-
actly choose or come close to choosing a dominant strategy (Saijo and Nakamura 1995;
Isaac and James 2000).

Secondly, there is an indication that individuals who were in the Baseline sessions but
were not themselves agents of grace were more residually cooperative in Stage 4 than the
subjects in the Control sessions (which had no agents of grace). This is despite the fact that
the behavior of the two groups tracked very closely in Stage 3. We will examine these effects
in more detail in the following statistical analysis of the individual data.
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Fig. 4 Average residual cooperation in stages 3 and 4 for three different types of subjects

4.3 Residual cooperation: statistical analysis

We have a total of 1806 observations.21 The variables in our basic estimation are described
in Table 4. We report, for the sake of examining the robustness of the results, both a pooled
OLS clustered at the group level and a random effects Tobit analysis. In both cases “residual
cooperation” is the dependent variable. Both regressions contain the same constant and
period control variables we utilized above. (Again, the “∧” notation is used as a reminder that
these variables cannot be interpreted in the same way as if there were no considerations of
stage crossed with period.) The most important variables for our analysis are the following:

Tax: This is the level of tax chosen by the group in the particular period. A positive
estimated coefficient on “Tax” would indicate that individuals become more residually co-
operative as tax levels increase, perhaps even to the point of attempting to keep their private
contribution levels constant (no crowding out).

Grace∧ and Grace∧ × Period: These are dummy variables relating to individuals who
are agents of grace in Stage 4 of the Baseline sessions. Grace∧ is a dummy variable equal to
1 if the individual is an agent of grace in that period. Grace∧ × Period is the interaction of
the Grace∧ variable and Period. Because the incentives of the agents of grace are radically

21We have 1806 observations because we cannot conduct an analysis on residual giving for individuals who
experienced 100% tax during a period.
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Table 5 Dependent variable is
“residual cooperation”

p-Values in parentheses.
∗∗∗ = significant at 1%,
∗∗ = significant at 5%,
∗ = significant at 10%
(two-tailed tests)

1,806 Observations OLS (Clustered on
Group Level)

R.E. Tobit

Intercept 0.639 (0.00)∗∗∗ 0.576 (0.00)∗∗∗
Period (1–28) −0.015 (0.00)∗∗∗ −0.022 (0.00)∗∗∗
Stage 2∧ Dummy 0.093 (0.11) 0.198 (0.07)∗
Stage 3∧ Dummy 0.080 (0.40) 0.155 (0.36)

Stage 4∧ Dummy 0.311 (0.01)∗∗ 0.456 (0.02)∗∗
Stage 2∧ × Period −0.007 (0.14) −0.014 (0.18)

Stage 3∧ × Period −0.002 (0.78) −0.004 (0.69)

Stage 4∧ × Period −0.011 (0.02)∗∗ −0.015 (0.08)∗
Tax −0.000 (0.88) −0.000 (0.27)

Grace∧ −0.313 (0.58) −0.717 (0.40)

Grace∧ × Period 0.034 (0.10)∗∗ 0.071 (0.04)∗∗
GroupAOG∧ −0.645 (0.02)∗∗ −1.15 (0.11)

GroupAOG∧ × Period 0.027 (0.024)∗∗ 0.047 (0.10)∗

Wald chi2 265.62 322.06

transformed, we would expect, especially in light of Fig. 4, for at least one of these variables
to be statistically significant.

GroupAOG∧ and GroupAOG∧ × Period: These two variables relate to individuals who
are in Stage 4 of the baseline experiments (i.e., the experiments in which the agents of grace
are added in Stage 4) but who are not themselves agents of grace. GroupAOG∧ is the basic
dummy variable for this classification. However, because our interest lies in determining
whether altered behavior by the agents of grace affects other participants in the group, we
restrict the assignment of the GroupAOG∧ dummy variable. First, it only applies beginning
in period 23, after the behavior of the agents of grace have had at least one period to alter the
expectations of others.22 Secondly, the variable is set equal to 1 only for subjects in those
groups in which the agents of grace contributed at least 90% of their tokens in period 22
(that is, we restrict the classification to those groups in which the agents of grace are, in fact,
changing their own behavior). GroupAOG∧ × Period is the interaction of the simple dummy
variable with the period variable.

We note the following implications from the results in Table 5. First, the coefficient on
“Tax” is negative, small in magnitude, and highly insignificant. This addresses the second
part of our earlier discussion on crowding out. If individuals wished to maintain a given
absolute level of private provision as the tax-funded provision increased, then the coefficient
on “Tax” would have to be positive. Clearly, this is not the case. Individuals are not becoming
more residually cooperative as taxes increase, and at least some crowding out is taking place,
as individuals are not acting to maintain the absolute level of their private contributions
as taxes increase. Thus, combined with the results from the aggregate behavior described

22A referee asked whether a change in expectation prior to and independent from any change in behavior by
the agents of grace could have been at work. We looked at this by comparing the change in residual coopera-
tion among non-agents of grace in the two groups from periods 21 to period 22, after the announcement but
before any actual change by the agents of grace could be observed. We could not reject the hypothesis that
the two groups’ changes were the same (p = 0.364).
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above, we note that our environment mirrors the same general behavior as previous field
estimates: there is positive, but incomplete, crowding-out.

Furthermore, given that we observed previously that tax levels in Stage 3 were inversely
related to initial levels of cooperation, the essentially zero coefficient on “Tax” leads us to
conclude that subjects use the taxes primarily as a commitment device.23

Thirdly, and not surprisingly, the positive and statistically significant coefficient on
“Grace∧ × Period” confirms the observation from Fig. 4 that agents of grace changed their
own behavior. This result is consistent with the descriptive result that most of the agents of
grace began following their new dominant strategy.

Finally, the results on the two coefficients relating to the subjects in the Baseline ex-
periments offer tentative support to the data in Fig. 4 that the non-agents of grace changed
their behavior in Stage 4. Working through the combined effects of the coefficients does
not lead to any major jump by these subjects in period 23, but there is a statistically signif-
icant reduction in the decay in periods 23–28. It should be noted, however, that except for
Session B2, the addition of the agents of the grace in our Baseline sessions yielded scant
additional evidence of CRCO. Thus, support for Hypothesis 5 (agents of grace) is muddy.
The agents of grace appear to be influencing the others’ contributions to the group exchange
in the expected direction; however, the magnitude of the influence is not sufficient to achieve
CRCO.

We were surprised when we tried a different specification of the “Tax” variable in ex-
plaining residual contribution. We included in the regression what we call our “Goldilocks”
variables: dummy variables for individuals who found that the tax chosen by their group
was not high enough (“NHE”) or not low enough (“NLE”) when compared to their own
votes. The results from these random effects OLS and random effects Tobit estimations are
presented in Table 6.

The coefficients on both Goldilocks variables are negative, and “NLE” is statistically
significant. This indicates that dissatisfaction with the group’s tax vote never helps, and may
hurt, the level of cooperation among group members.24

4.3.1 Individual voting behavior on tax levels

Until this point, we have examined the effects of our experimental treatments of endogene-
ity only in terms of aggregate provision of the public good and of individual’s residual
contributions to the group exchange. This section shifts the focus to a subject’s votes on the
endogenous tax in periods 15–28.

First, our theoretical model suggests that it is the unique median voters who have an
incentive to “ratchet” up voting levels. We were curious as to whether that pattern was
reflected in the individual voting data. Do the median voters vote with greater frequency
for higher taxes than the “Goldilocks” voters (those who think the tax level is “not high
enough” or “not low enough”)? We created a contingency table (Table 7) to investigate

23The authors are aware of a large literature on peer-to-peer punishment. Throughout the paper we have
treated the tax as a commitment device rather than a form of negative reciprocity. First, punishment tends to
target a specific individual (although collective forms of punishment do exist). Second, punishment typically
is costly to the person being punished and, in many cases, also to the punisher. However, in our experiment
there are many circumstances in which all the participants experience improved welfare in the period where
higher taxes are selected.
24It should also be noted that in this new Tobit specification, the coefficient on “GroupAOG∧ × Period” flips
from being just barely significant to just barely insignificant. This is another reason we are guarded in our
conjecture about the influence of the agents of grace on the other participants.
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Table 6 Adding the “Goldilocks Variables”

1,806 observations OLS (Clustered on
Group Level)

R.E. Tobit

Intercept 0.636 (0.00)∗∗∗ 0.576 (0.00)∗∗∗
Period (1–28) −0.014 (0.00)∗∗∗ −0.021 (0.00)∗∗∗
Stage 2∧ Dummy 0.092 (0.11) 0.119 (0.09)∗
Stage 3∧ Dummy 0.101 (0.25) 0.179 (0.29)

Stage 4∧ Dummy 0.325 (0.01)∗∗ 0.465 (0.02)∗∗
Stage 2 × Period −0.008 (0.10)* 0.010 (0.14)

Stage 3∧ × Period −0.002 (0.71) −0.004 (0.67)

Stage 4∧ × Period −0.012 (0.02)∗∗ −0.015 (0.08)∗
Tax 0.000 (0.90) −0.000 (0.66)

NHE −0.027 (0.36) −0.055 (0.19)

NLE −0.042 (0.29) −0.081 (0.05)∗∗
Grace∧ −0.276 (0.63) −0.622 (0.46)

Grace∧ × Period 0.033 (0.11) 0.066 (0.05)∗
GroupAOG∧ −0.634 (0.03)∗∗ −1.11 (0.12)

GroupAOG∧ × Period 0.026 (0.03)∗∗ 0.044 (0.11)

Wald chi2 667.40 327.87

p-Values in parentheses. ∗∗∗ = significant at 1%, ∗∗ = significant at 5%, ∗ = significant at 10% (two-tailed
tests)

Table 7 Changes in tax vote associated with the “Goldilocks Variables”

Individual Lowered
Vote

Individual Kept Vote
the Same

Individual Raised Vote

Previous Vote Was
Lower Than Median
(“NLE”)

27 25 37

Previous Vote Was At
the Median

24 13 30

Previous Vote Was
Greater Than Median
(“NHE”)

40 23 43

that question. The data are all from Stage 3, periods 16–21. The table crosses whether the
individual’s previous vote was higher than, equal to, or lower than the median with whether
the individual raised, didn’t change, or lowered his vote.25

Three chi-squared tests among the rows each indicate that the frequencies are not statisti-
cally different from one another. This result suggests that the time path of winning tax levels
results from all individuals, including those off the median, changing their votes from one
period to the next with approximately the same frequency.

25We removed all boundary data where a subject could not raise or lower his vote. Also, we included all
median voters if there were multiple median voters because median voters did not know if they were unique.
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Fig. 5 Histogram distribution of Stage 4 votes: agents of grace compared to others

A second question about individual voting was suggested by the incentives of the agents
of grace. Because they have a dominant strategy to contribute to the group good, we won-
dered if they would be more likely to go to the extremes on voting—going either for a
full-tax outcome or complete crowding out. And, were they different than the other voters?
We constructed the distribution of votes from the baseline experiments in Stage 4, for agents
of grace and non-agents-of-grace. The distribution of those votes is given in Fig. 5.

Even though the simple mean of the tax rate votes of the agents of grace is higher than
the other individuals (46% versus 38%) a Kolmogorov-Smirnov test indicates no statistical
difference between the two distributions.26

The chi-squared tests for Table 7 did not peg the median voter as the source of increases
in the tax; however, a glance at Table 7 and at the session level data in Appendix I are sug-
gestive about the existence of an inertia towards higher taxes. Thus, for closer investigation
we turn to an individual Tobit analysis (Table 8) where the tax vote of an individual is the
dependent variable. Because voting opens each period we believe that previous outcomes
are likely to determine the current periods’ vote. Therefore, we lag tax and contributions
variables while controlling for whether the voter is an agent of grace or in an agent of grace
group. Table 8 displays these results which are robust to several specifications.

Hypothesis 4 posited that there would be a ratchet effect because the median voter would
possess the incentive to increase her own earnings through increasing taxes. The chi-square
tests in Table 7 indicated that the median voter was no more likely than other voters to cast
a vote for higher taxes. But, the regression results from Table 8 suggest a ratchet effect of
a different sort. The signs of the avggrpxlag and taxlag indicate the countervailing effects

26http://home.ubalt.edu/ntsbarsh/Business-stat/otherapplets/ks.htm.

http://home.ubalt.edu/ntsbarsh/Business-stat/otherapplets/ks.htm
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Table 8 Determinants of
individual voting behavior

p-Values in parentheses.
∗∗∗ = significant at 1%,
∗∗ = significant at 5%,
∗ = significant at 10%
(two-tailed tests)

980 Observations R.E. Tobit

Intercept 55.83 (0.00)∗∗∗
Avggrpx (lagged) −0.0620 (0.00)∗∗∗
Tax (lagged) 0.3512 (0.00)∗∗∗
NHE (lagged) 17.14 (0.00)∗∗∗
NLE (lagged) −10.27 (0.00)∗∗∗
Grace 6.790 (0.07)∗
AOGGRP −5.710 (0.03)∗∗
Wald Chi2 423.31

described in Hypothesis 3; however, because the magnitude of taxlag is greater than avggr-
pxlag the effect of the tax seems more compelling than the effect of greater than the level of
the group exchange. Also, with the vote there are countervailing effects of NHE and NLE.
Once again, while both effects are significant, their magnitude favors NHE. Thus, while the
ratchet effect as posited in Hypothesis 4 did not happen, a different type of ratchet effect
seems to be present.27

5 Discussion and concluding comments

We designed a set of intentionally ordered experiments to test for the phenomenon of
“reverse crowding out” in which private provision of a public good replaces existing tax-
supported provision of the public good. The design provided for several interesting results.
With exogenously imposed taxation, we observed incomplete levels of government crowd-
ing out of voluntary contributions. This conclusion is consistent with existing field and lab-
oratory results. When we made the taxation level endogenous to the members of the group,
we saw strong evidence that the decay in the provision of the public goods that is typical
of the voluntary contributions mechanism was flattened and in many cases reversed. Groups
idiosyncratically used different combinations of voluntary contributions and endogenously
chosen tax levels to achieve this result. This finding speaks to the power of endogenous in-
stitutional choice, which also has been manifest in other laboratory experiments and in field
studies (Ostrom 2009).

Furthermore, there was the striking discovery that the level of the endogenously chosen
tax could be predicted well by the level of initial “trust” observed in the group. Specifically,
Stage 3 decisions about taxation can be explained by how cooperative the groups were in
the non-tax world of Stage 1. For groups with low levels of trust, group members bypassed
the voluntary contributions mechanism and sought higher tax rates for themselves and their
group members. For this reason, we decided to open the paper with the quote from Adam
Smith in the Theory of Moral Sentiments.

The inefficient tax was an imperfect remedy for groups that could not trust each other, but
it typically worked for those groups in securing more of the public goods than the projected
trend. Taxation seems like a very useful commitment device when there is a lack of trust

27In two alternate specifications of the regressions in Table 8, we added the contribution behavior of the
individual in Stage 1 (in one case, for Period 1 and in another case for the average of Stage 1 decisions).
Neither variable entered significantly and changed none of the other results.



Public Choice (2013) 156:253–284 275

among group members. But, while the endogenous tax mechanism seems to be sought as
a low-level commitment device, voters often seemed to ratchet towards higher and higher
levels of the tax. This suggests a potentially dangerous form of path dependence, and it
opens a question for future research about the attractiveness of the tax at efficiency levels
less than the 80% used here.

At the individual level, both the descriptive and the statistical analysis suggest that the
agents of grace not only changed their own behavior but that they may have exerted some
influence on the other subjects. The magnitude and statistical significance of the results
means that we consider the conclusion to be suggestive rather than definitive. A potentially
productive area for further research would be a different experimental design isolating the
effects of the agents of grace. Specifically, perhaps seven periods was not long enough for
the agents of grace to have full influence on other subjects.

At the end of the day we were left with what was to us an unexpected result. There is no
question that the introduction of the endogenous connection between the participants and
their endogenously chosen level of taxation allowed most of the groups to obtain provision
of the public good in excess of outcomes from either a pure VCM mechanism or from the
exogenous tax in Stage 2. The results from the exogenous reversion sessions underscore
this conclusion. The groups accomplished this with a variety of combinations of voluntary
contributions and tax levels. Nevertheless, we observed only one group that satisfied our
ex ante requirement to be classified as an example of CRCO in Stage 3, that is, the group
(a) reduced its tax level relative to that imposed in Stage 2 while (b) maintaining the level
of public goods provision. There was a second group that achieved this same outcome in
Stage 4, after the introduction of the agents of grace.

These results were surprising and, to an extent, unsatisfying. Even the two groups tagged
as accomplishing our formal definition of CRCO out did not provide the public good at an
impressive magnitude. If there is a possibility of a group’s voluntary contributions crowding
out government taxation and obtaining something close to an optimal level of the provision
of the public good, in principle we ought to be able to capture some manifestation of that
phenomenon in the laboratory. Because there is an established precedent in experimental
economics of searching for such “existence results”28 we set forth asking what combination
of changes in an experimental design might produce the elusive result. To that end, we used
our limited financial resources to conduct an artefactual field experiment (Harrison and List
2004) in which we conducted two additional sessions following this approach of making
multiple design changes to search for an elusive result.

Still employing the Baseline [A, B, C, D] experimental design reported here, we made
two simultaneous changes; (1) we recruited subjects from a local student ministry commu-
nity, and (2) we matched each individual’s total earnings to an orphanage familiar to all the
subjects. This matching had the potential for altering the subjects’ incentives towards pro-
viding the public good. One of the two groups evolved to full taxation while the other group
provided the first evidence of a significant amount of reverse crowding out of the tax system
at near optimal levels with very low taxes. Full design exposition and data from these ses-
sions are available online at http://mailer.fsu.edu/~misaac. This lays the groundwork for an
agenda of further research. Which of the treatment changes was most critical in obtaining
reverse crowding out? How robust could this phenomenon be with more replication?

But, what changes in our experimental design could cause a greater relative provision
of public goods by voluntary giving and less by an endogenous tax? First, there may be a

28See, for example, Kim and Walker (1984) and Isaac et al. (1985) on free riding; Isaac and Smith (1985) on
predatory pricing; Smith et al. (1988) on asset bubbles; and Lynch et al. (1991) on the “lemons” phenomenon.

http://mailer.fsu.edu/~misaac
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tipping point between the inefficiency of the tax system and the uncertainty associated with
private provision. Our design has standardized on an 80% efficient tax across both treat-
ments, but that level of efficiency could be lowered to locate the point at which participants
accept the uncertainty of voluntary provision. Secondly, more experiments with tighter so-
cial networks and intentionally formed groups may reveal that naturally formed groups,
presumably exhibiting higher levels of trust, do not need to rely on the tax to provide public
goods. This would certainly be consistent with the theory that people provide more of a pub-
lic good voluntarily when they see the beneficiaries as more like themselves (Smith 1759;
Putnam 1993; Hungerman 2009) and it is also consistent with the literature on social capital.
Thirdly, the observations of a negative influence on residual cooperation when subjects had
preferences for either a higher or lower tax level suggest extensions of the current experi-
mental design to a Tiebout-like environment, in which individuals can vote on tax levels and
change groups. Research with endogenous group formation research in different contexts is
a fresh new area already underway.29
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Appendix I: Session by session data

Fig. AI.1 Baseline sessions B1 and B2



278 Public Choice (2013) 156:253–284

Fig. AI.2 Baseline sessions B3 and B4
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Fig. AI.3 Baseline session B5
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Fig. AI.4 Control sessions C1 and C2
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Fig. AI.5 Control sessions C3 and C4
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Fig. AI.6 Control session C5

Fig. AI.7 All exogenous reversion sections
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