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Abstract
We design an experiment to study the implications of introducing position uncertainty in a social dilemma
where eight players decide to contribute to a public good sequentially. Contributions are significantly higher
when players make sequential decisions to contribute or not, are uncertain about their position in the
sequence, and observe a sample of their predecessors’ choices compared to the simultaneous-move game.
Yet, contribution rates remain invariant to the number of agents sampled. Consequently, contributions don’t
unravel evenwith position certainty, and there is no incremental benefit of introducing position uncertainty,
contrary to the theoretical prediction. Furthermore, controlling for the sum of contributions observed,
individuals contribute less the later in the sequence they are.
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1. Introduction
Can cooperation arise in a one-shot social dilemmawith self-interested individuals? Researchers have
long found this question to be both intriguing and challenging. The general consensus is that coop-
eration cannot be supported in equilibrium unless there is an infinite repetition of the stage game. In
an important theoretical contribution, Gallice and Monzón (2019) consider a setting where players
sequentially decide whether to contribute to a public good and show that sustaining full cooperation
as an equilibrium in a one-shot interaction is possible.

In such a sequential game, the classic backward induction argument renders any amount of coop-
eration impossible, let alone full contributions. However, if players do not know their position in
the sequence and can observe the decisions of some of their predecessors (number of agents sam-
pled), cooperation becomes feasible in theory. This is because, now, an agent who does not know
her position bases her decision on the average payoffs from all possible positions and contributes to
inducing her potential successors to do the same. Gallice and Monzón (2019) characterize a sequen-
tial equilibrium in a game with imperfect information in which all players contribute provided the
return to contribution is higher than a threshold (lower bound), which is a function of the number
of agents sampled and the total number of players in the game. Furthermore, this lower bound for
full contribution is strictly increasing in the number of agents sampled.

Theprimary objective of our study is to explore the efficacy of this novelmechanismbased on posi-
tion uncertainty in fostering cooperation in a situation in which it would otherwise be impossible to
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observe such cooperation and to understand how this mechanism works in practice.1 Does intro-
ducing position uncertainty affect contributions vis-à-vis an environment with complete certainty
regarding the position of players in the sequence? How do contributions depend on the interaction
between the returns from contributions and the number of agents sampled? To address these ques-
tions, we design a public goods game experiment based on position uncertainty. By implementing
large groups through an eight-player game, we are able to execute the comparative statics exercise of
varying the number of agents sampled for a large set of values.

We find that whether or not position uncertainty is beneficial as a mechanism in the provision
of the public good depends on the benchmark for comparison. Contributions are indeed signifi-
cantly higher when players make sequential decisions to contribute or not, are uncertain about their
position in the sequence, and observe a sample of their predecessors’ choices when compared to the
simultaneous-move game. At the same time, contrary to the theoretical prediction, contributions
don’t unravel when players know their position in the sequence with certainty. As a result, there is no
additional gain from introducing position uncertainty.

In our experiments, we find that a sequential-move structure is always preferred to a simultaneous-
move game, irrespective of position uncertainty. Several studies have contrasted the sequential-move
game with the simultaneous-move game. In an important theoretical contribution, Varian (1994)
shows that the total amount of public goods provided in a sequential game is never larger than
that provided in a simultaneous-move game. However, experimental studies have found that, under
certain parameterizations, sequential mechanisms may raise more funds than simultaneous ones in
public good games with two-person settings (Andreoni et al., 2002; Potters et al., 2005; Gächter et al.,
2010).2,3 In contrast to these studies, we employ a large group of individuals, and we are interested
in the efficacy of the new theoretical mechanism of position uncertainty introduced in Gallice and
Monzón (2019).

Our results strongly suggest that observing a sample of predecessors’ actions is pivotal in sup-
porting high contributions, apart from the returns to the contribution parameter. At the same time,
however, we find that the specific sample size is unimportant in predicting contribution levels. This
sample size irrelevance result is in contradiction to the theoretical arguments. If the return to con-
tribution is neither too low nor too high, theory predicts that increasing the number of agents
sampled results in the equilibrium changing from supporting full contributions to the unique zero
contribution equilibrium. However, we do not find any difference in the average contribution rates
as we vary the number of agents sampled.

We also observe that the player in the first position has the highest contribution. Furthermore,
contributions areweaklymonotonic in a player’s position: controlling for the number of contributions
seen within the sample, individuals late in the sequence contribute (weakly) less than those making
their decisions earlier. This behavior is consistent with the notion that players deciding early in the
sequence contribute more in the expectation of inducing their successors to contribute. Moreover, it

1At this point, the setting with position uncertainty is mainly a theoretical possibility, and our study should be viewed as
a testbed for such a mechanism to improve efficiency. If the mechanism works “well” in the laboratory, it could have broader
implications for public policy, particularly in the design ofmechanisms to encourage cooperation in public goods. For instance,
charities may only disclose some preceding donations.

2There is also considerable evidence favoring the sequential contributions mechanism in the case of a threshold public
good game (Erev and Rapoport, 1990; Rapoport and Erev, 1994; Coats et al., 2009). In these games, because of the presence
of both cooperation and coordination incentives, there are equilibria involving positive contributions. On the contrary, in our
setting, the unique equilibrium involves zero contributions under the simultaneous-movemechanismand the sequential-move
mechanism with position certainty and perfect observability of others’ past actions.

3Other related studies have shown that charities may benefit from announcing contributions of donors as they accrue,
thereby inducing donors to play a sequential-move rather than a simultaneous-move game (Romano and Yildirim, 2001).
Vesterlund (2003) further suggests that an announcement strategy helps reveal a charity’s quality and helps fundraisers reduce
the free-rider problem.
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is reminiscent of the leading-by-example behavior reported in several experiments on public goods
provision (Güth et al., 2007; Levati et al., 2007; Potters et al., 2007, among others).4

Given a value for return to contributions and the number of agents sampled, individuals’ contribu-
tion rates are strikingly similar at extremely high levels when the sample contains full contributions,
irrespective of their position. This feature is consistent with the main reasoning in Gallice and
Monzón (2019), viz., contributions at the beginning of the sequence induce potential successors to
do the same. However, a drastic decline in contributions is noted with being late in the sequence
when a full defection sample is observed. Furthermore, contributions monotonically increase with
an increase in the observed contribution in the sample containing defection. In theory, an individual
who receives a sample that contains either full or partial defection cannot prevent further defection
by contributing. Since she cannot affect her successors’ decisions, she is better off responding to defec-
tion with defection. However, for a sample containing defection, such an extreme prediction of zero
contributions is not observed in our data.

In concurrent work, Anwar and Georgalos (2024) study a four-player sequential public goods
game when individuals are presented with partial information about past contributions and face
uncertainty regarding their position in the sequence. They report that only about a quarter of partic-
ipants behave according to theory, while a vast majority of subjects can be classified as conditional
cooperators or altruists.5 They also find that their results are consistent with the prediction that full
contribution unravels when subjects are aware of their position in the sequence and that the pub-
lic good provision is maximized when there is position uncertainty and subjects observe only the
immediate predecessor’s action.

Our larger group size of eight further allows us to test a richer set of predictions borne out by the
interaction of the two main factors that determine whether or not full contribution can be supported
in an equilibrium, viz., the returns to contributions and the number of agents sampled. In contrast to
Anwar and Georgalos (2024), contributions do not unravel with position certainty in our data, and
the incremental benefit of introducing position uncertainty is minimal. The large group size prevents
the drastic drop in contributions for those in the second half of the sequence when individuals know
their position and are aware of the decisions of their predecessors. Relative to Anwar and Georgalos
(2024), we provide a sharper characterization of the drivers of cooperation. It is the observability of
past actions, and not the presence of position uncertainty, that fosters cooperation. The larger group
size in our study makes it easier to tell apart the effect of past observability of actions from the effect
of position uncertainty.

Our paper can also be related to the literature on irreversibility and cooperation. Theoretical stud-
ies have shown that cooperation is feasible in social dilemma situations having a dynamic structure
when actions are continuous and irreversible, as individuals can “start small” and build cooperation
over the time horizon (Marx and Matthews, 2000; Lockwood and Thomas, 2002; Guéron, 2015).
Several experimental papers have confirmed that such incremental mechanisms where players can
only revise their contributions upward help a group achieve a higher provision of the public good
(Dorsey, 1992; Kurzban et al., 2001; Goren et al., 2003; Goren et al., 2004; Duffy et al., 2007).6 In con-
trast, in our sequential-move game, each player can move only once and must either contribute or

4This literature has found that leaders’ and followers’ contributions are highly correlated even in one-shot games and that
average contributions with leadership are higher than without.

5In their setting, conditional cooperators are defined as individuals who always contribute when they are in the first position
and contribute if at least one other person in the sample has contributed when they are in positions 2-4. Altruists are those
who always contribute irrespective of their position. Interestingly, Anwar and Georgalos (2024) find that the proportion of
subjects classified as free-riders (i.e., who never contribute) is insignificant.

6This happens because the incremental mechanism allows individuals to make small commitments to the public good
while simultaneously limiting their commitments so that they can control the extent to which they expose themselves to being
free-ridden.
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keep her entire endowment, so that the action space is binary. Therefore, the mechanism at play in
our setting is arguably different from the idea of building cooperation gradually.

The remainder of the paper is organized as follows. Section 2 presents the theoretical model,
and section 3 lists the central hypotheses we test using our data. The experimental design is specified
in section 4. Section 5 presents the experimental results and analysis. The last section concludes.

2. Theoretical model
The model is based on Gallice and Monzón (2019), who consider a set of risk-neutral agents, ℐ =
{1, ..., n} involved in a game of public good provision. These players are exogenously placed in a
sequence that determines the order of play. All permutations of assignment of an agent to a position
in the sequence are ex-ante equally likely so that players have symmetric position beliefs.

When it is her turn to play, agent i ∈ ℐ first observes a sample of her predecessors’ actions, then
chooses one of the two actions ai ∈ {C, D}. ai = C denotes contributing a fixed amount of 1 to a
common pool (synonymous with cooperation), while ai = D means investing nothing and stands for
defection. After all players choose an action, the total amount invested gets multiplied by the return
from contributions parameter r and is equally shared among all agents. Let G−i = ∑j≠i 𝟙{aj = C}
denote the number of other players who contribute, so G−i ∈ {0, ..., n − 1}. The payoffs for player i
can thus be expressed as:

ui(C, G−i) = r
n (G−i + 1) − 1

ui(D, G−i) = r
nG−i

It is assumed that 1 < r < n, so although contribution by all agents is socially optimal, each
agent strictly prefers to defect for any given G−i. Otherwise, a unique full contribution equilibrium
will exist, eliminating the social dilemma.

Before an agent decides to contribute, she observes how many of her k immediate predecessors
contributed. Agents in positions 1 to k observe fewer than k actions as they have fewer than k pre-
decessors. 𝜉 = (𝜉′, 𝜉″) denotes a sample, where the first component shows the number of agents
sampled, and the second component gives the number of agents in the sample who contributed. The
first agent in the sequence receives a sample (0, 0), while the ones in positions 2 to k observe the
actions of all their predecessors. Thus, the first k agents can infer their exact position from the sample
size they receive. However, the other agents do not know their exact position in the sequence and
must form beliefs about their position and the play of their predecessors.

In their main theoretical result, Gallice and Monzón (2019) show that an equilibrium exists in
which all agents contribute if r is greater than a threshold that is a function of k and n.7,8 The equi-
librium profile of play prescribes that an agent contributes if he observes a sample without defection
and does not contribute otherwise.9 Position uncertainty can make every agent who observes only
contributors willing to contribute. To see this, consider an agent who observes k agents contributing.
Then, she knows she is not in the first k positions and has an equal probability of being in any position
{k + 1, ..., n}. Thus, her expected position is (n + k + 1)/2, and she expects (n + k − 1)/2 agents to

7The equilibrium concept is that of a sequential equilibrium in a game with imperfect information. Let Ξ denote the set of
all samples that an agent can observe. Then, agent i’s strategy is a function 𝜎i(C|𝜉) : Ξ → [0, 1] that specifies a probability of
contributing given the sample received. An assessment (𝜎*, 𝜇*) is a sequential equilibrium if 𝜎* is sequentially rational given
𝜇*, and 𝜇* is consistent given 𝜎*, where σ is a strategy profile, µ is a system of beliefs, and (𝜎, 𝜇) is an assessment.

8On the other hand, if r is lower than the threshold, the unique equilibrium has no agent contributing.
9A pure strategy equilibrium with full contribution cannot be supported if k = 1, although full contribution can arise in

a mixed strategy equilibrium in such a case. In our experiments, k≠ 1, therefore, either the unique equilibrium entails no
contributions, or if a full contribution equilibrium exists, it is always in pure strategies.
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have already contributed. Therefore, her expected payoff from defecting is (r/n)(n + k − 1)/2, and
the expected payoff from contributing is r − 110. Contribution then requires:11

r ≥ 2(1 + k − 1
n − k + 1)

However, when an agent observes a sample with defection, the equilibrium profile of play requires
that she defects. This is optimal because she cannot prevent her successors from defecting, regardless
of the value of r.

3. Hypotheses
We test several hypotheses regarding (a) the effect of introducing position uncertainty on contribu-
tions and (b) comparative statics of changing the return from contributions and the number of agents
sampled in the presence of position uncertainty. The following hypotheses are derived by compar-
ing the best equilibrium achievable under the different mechanisms based on the theoretical model
discussed in the previous section.

3.1. Position certainty: unravelling of contributions
When agents get no information about their predecessors’ actions, i.e., k = 0, the setting becomes
strategically equivalent to a simultaneous-move game. The unique equilibrium involves zero contri-
bution from each player, which serves as the simultaneous-move benchmark.12 When agents know
their position and each agent can observe the actions of her predecessors, the standard backward
induction argument applies.13 The agent at the last move has a dominant action to defect, and assum-
ing sequential rationality, contributions would unravel. The unique subgame-perfect equilibrium
predicts no contribution from each player. This leads to our first hypothesis.

Hypothesis 1. With 1 < r < n, when players know their position and can observe their prede-
cessors’ actions (position certainty), contribution rates are the same as in the simultaneous-move
setting.

3.2. Introducing position uncertainty

With position uncertainty, if r ≥ 2(1 + k−1

n−k+1
), then an equilibrium exists in which all agents con-

tribute. Therefore, we have the following hypothesis using either k = 0 or the position certainty as the
benchmark.

Hypothesis 2. With 2(1 + k−1

n−k+1
) ≤ r < n, compared to either the simultaneous-move game or

the setting with position certainty, contribution rates are higher when players do not know their
position and can observe k immediate predecessors’ actions.

10Note that this expected payoff from contributing is independent of agent i’s beliefs about her position in the sequence. As
the agent observes a sample without defection, which occurs on the equilibrium path, she knows that if she contributes, all
subsequent players will do so.

11If instead, the sample contains 𝜉′ < k total actions, the agent would perfectly know her position and that the number of
agents who contributed so far is 𝜉′. Therefore, the expected payoff from defecting is even lower, and the condition guarantees
that agents in the first k positions contribute as well.

12We continue to assume that 1 < r < n.
13Agents in positions 1 to n− 1 have less than n predecessors, so they observe fewer than n actions.
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3.3. Position uncertainty: comparative statics

Within the setting of position uncertainty, the lower bound on r for full contribution (2(1+ k−1

n−k+1
))

strictly increases in k. Consequently, keeping r fixed, the effect of changing k depends on the exact
value of r. If r is either too high or too low, increasing k will not affect the equilibrium predic-
tion.14 However, a range of values of r exists for which the equilibrium changes from supporting full
contributions to the unique zero contribution one as k is increased.15 The third hypothesis is thus:

Hypothesis 3. In the presence of position uncertainty, given a value for the return from
contributions, an increase in the number of agents sampled (weakly) lowers contributions.

Similarly, fixing k at a suitable value, increasing r changes the equilibrium prediction from a
unique zero contribution to supporting full contributions.16 For example, if k = 5 and r = 3, there
is a unique zero contribution equilibrium, but as r is increased to 5, a full contribution profile can
also be supported as an equilibrium. Our final hypothesis thus is as follows.

Hypothesis 4. In the presence of position uncertainty, given a value for the number of agents
sampled, an increase in the return from contributions (weakly) increases contributions.

4. Experimental design, procedures and treatments
4.1. Design and procedures
The data for this study were gathered from 17 experimental sessions conducted at the Nanyang
Technological University (NTU), Singapore, using 288 subjects. They were recruited from the pop-
ulation of students at NTU from various majors. No subject participated in more than one session
of this experiment. The sessions lasted approximately one hour, and participants earned, on average,
S$11 in addition to a show-up fee of S$2. The experiment was designed using the oTree platform
(Chen et al., 2016).

Upon arrival, subjects were seated at visually isolated computer workstations. We ensured
anonymity by assigning each participant a random numerical ID as their identifier throughout the
experiment. The instructions, which the experimenter read aloud, were also displayed on the par-
ticipants’ computer screen, and the participants had access to these instructions throughout the
experiment.17 In addition, to ensure that participants clearly understood the experiment, they were
presented with a comprehension quiz before making any decisions. They were required to answer all
questions in the quiz correctly. The public goods games were described as “tasks” for participants to
mitigate framing effects.

Each experimental session was divided into a “Game Phase” and a “Questionnaire Phase”. In the
“Game Phase”, participants were allocated to groups and played 40 rounds of the sequential public
goods game. In each round, participants were exogenously placed in a sequence and were assigned
positions between one and eight in each sequence in a pre-fixed manner.18 Subsequently, they were
given a token that could be contributed to a common pool or kept by the subject.

Thereafter, the subjects were presented with every scenario that could arise depending on their
position and the number of agents sampled. Then, their contribution decision was elicited for each

14When r is too high, the full contribution equilibrium can be supported irrespective of the change in k. On the other hand,
if r is too low, zero contribution is the only possible equilibrium.

15For example, suppose r = 3. Then, with k = 2, the full contribution equilibrium exists, but when k = 5, there is a unique
equilibrium with zero contribution.

16For values of k too high, the equilibrium prediction remains unchanged as r is varied, provided r ≥ 2.
17A sample copy of the instructions for one of the treatments is provided in the Appendix.
18The assignment was done in such a method that every participant was placed in each of the eight possible positions five

times.
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of these scenarios. For example, if k = 2, the person in the first position was presented with a single
scenario of (0, 0), and she had to decide whether or not to contribute her token. However, the par-
ticipant in the second position was presented with two scenarios, (1, 0) and (1, 1), and she needed to
decide whether to contribute in each scenario. Participants in positions 3 to 8 were presented with
(2, 0), (2, 1), and (2, 2), and they had to make contribution decisions for each scenario. We imple-
ment a strategy method instead of letting the sequential-move game play out in the usual fashion in
the laboratory. This is because, in the latter case, participants beyond the first k positions could have
predicted their exact positions more precisely—they would infer that the more they had to wait for
others to make a decision, the later in the sequence they were. This high correlation between the wait
time and lateness in the sequence would result in players’ beliefs about their position being different
from what is assumed in the theory. A strategy method alleviates this problem.

When a round ended, participants’ payoffs were calculated based on the realized subset of deci-
sions they had made. For example, suppose the participant in the first position decided to contribute
at (0, 0). Thus, the relevant decision for the participant in the second position would be the decision
made by the subject for the (1, 1) scenario, and her decision for (1, 0) would not be considered when
calculating the payoff for that round. If the participant in the second position decided to contribute
in the (1, 1) scenario, then the relevant decision for the third person in the sequence would be her
choice given the (2, 2) scenario; otherwise, the realized decision for the third person would be her
contribution decision following the (2, 1) scenario. This series of realized decisions would determine
the individual contribution, total contributions, and, thus, the individual payoff for each person in
every round. Eight of the forty rounds were randomly selected for payment purposes.

To what extent does our experiment approximate the one-shot environment considered in Gallice
and Monzón (2019)? Although participants played forty rounds within the same group, they were
not provided with any information regarding their group composition. It was also not possible to
identify or track the behavior of specific group members across rounds. Participants only observed
the aggregate contributions from sampled predecessors, with no persistent identifiers or histories.
This makes the use of reputational strategies highly unlikely in our data. Furthermore, given that
the experimental setup involves several repetitions, some participants may attempt to influence the
future behavior in the population by “teaching” others through their own actions across multiple
rounds. These incentives, however, are likely to be weak, given that not all, but only a random subset
of rounds, are paid.

Upon concluding the “Game Phase”, individuals proceeded to the “Questionnaire Phase”, which
consisted of three decision-making tasks measuring each participant’s level of altruism, backward
induction thinking capability, and risk aversion. The first task was the “Dictator Game”, where partic-
ipants were given an amount and askedwhat portion (up to 100%) theywanted to keep for themselves
and what portion they wanted to distribute to others.19 The second task was “Hit 15”, where partici-
pants took turns adding 1 or 2 points to a pot against a computer player who started first and had to
add 1 or 2 points to a pot too. The last player who manages to add the points that cause the pot to hit
15 points would be the winner, and they would earn a payoff. In the final task, subjects participated
in the standard risk-elicitation task (Holt and Laury, 2002).20

4.2. Treatments
In our experiments, n = 8, and we implemented a total of six treatments. The first two treatments
had k = 0 and k = 7, corresponding to the simultaneous-move setting (k0-high) and sequential-move
with complete position certainty (k7-high), respectively. The returns from contribution were fixed at
r = 5. Given the parameters, the unique equilibrium entails zero contribution in both treatments.

19To prevent reciprocity issues and other forms of bias, participants were told that their allocation to others was only for a
future participant in a different session of the experiment.

20Following completion of the “Questionnaire Phase”, the participants were asked basic demographic questions.
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Table 1 Summary of treatments

Number of agents Returns from
Treatment sampled (k) contributions (r) Best equilibrium

k0-high 0 5 Zero contribution

k7-high 7 5 Zero contribution

k2-high 2 5 Full contribution

k5-high 5 5 Full contribution

k2-low 2 3 Full contribution

k5-low 5 3 Zero contribution

Notes: Best equilibrium refers to equilibrium with the highest payoffs achievable, given the number of agents sampled (k) and returns from
contributions (r).

The other four treatments had the setting of position uncertainty with k> 0. We varied r (5 or 3)
and k (2 or 5) in a 2 × 2 design. When the return from contributions is low (r = 3), and the number
of agents sampled is high (k = 5), the condition for supporting full contribution in equilibrium is not
satisfied, and the unique equilibrium entails zero contributions. A comparison of contribution rates
across k0-high, k2-high, k5-high, and k7-high allowed us to test the first three hypotheses. The treat-
ments with position uncertainty with positive k were designed to test the hypotheses on comparative
statics. Table 1 provides a summary of the treatments.

5. Results
We first present the results from testing the specific hypotheses using realized contributions. Section
5.2 provides a discussion on the effect of position uncertainty on decay in contributions over time.
An analysis of contribution decisions based on observed samples of full, partial, and no contributions
is presented in subsection 5.3. The final subsection discusses contribution behavior as a function of
a player’s position.

5.1. Realized contributions and test of hypotheses
Using realized decisions, Figure 1 plots the average values of the sum of contributions in a group for
each treatment. Contributions are well above the unique prediction of zero, with k7-high resulting
in substantially higher contributions than its simultaneous-move counterpart (k0-high). At the same
time, the sum of contributions in a group remains around the level of five out of eight, irrespective
of the value of k when the return to contributions is high. Moreover, the returns from contributions
have a sizeable effect. Keeping the number of agents sampled constant at either k = 2 or k = 5, the
sum of contributions in a group gets reduced by two when the returns are lowered.

In order to test our hypotheses, we conduct an OLS regression analysis with the sum of con-
tributions in a group in a round as the dependent variable. We use the realized decisions, and the
independent variables are the treatment dummies based on the specific hypothesis being tested. The
standard errors are clustered at the group level. Table 2 summarizes the regression results.We observe
that moving from the simultaneous-move to the sequential-move structure increases contributions
significantly, even when there is position certainty. Therefore, rejecting our first hypothesis, we have
the following result.

Result 1 (Position certainty versus simultaneous-move): Contribution rates are higher when
players know their position and can observe their predecessors’ actions compared to the
simultaneous-move setting.
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Fig. 1 Sum of contributions in a group, using realized decisions

Table 2 OLS Regression analysis of the sum of contributions in a group

(1) (2) (3) (4) (5) (6) (7)
Hypothesis tested Hyp. 1 Hyp. 2 Hyp. 2 Hyp. 3 Hyp. 3 Hyp. 4 Hyp. 4
Baseline k7-high k0-high k7-high k2-high k2-low k5-low k2-low

k0-high –1.83***
(0.52)

k2-high 1.73** –0.11 2.00**
(0.68) (0.64) (0.66)

k5-high 1.91** 0.08 0.19 2.39**
(0.73) (0.70) (0.84) (0.89)

k5-low –0.20
(0.72)

Constant 5.11*** 3.28*** 5.11*** 5.00*** 3.00*** 2.80*** 3.00***
(0.32) (0.40) (0.32) (0.56) (0.34) (0.64) (0.34)

Clusters 12 18 18 12 12 12 12

Observations 480 720 720 480 480 480 480

R2 0.18 0.14 0.00 0.00 0.00 0.19 0.16

Notes: The dependent variable is the sum of contributions in a group in a round, using realized decisions. The independent variables are the
treatment dummies. Standard errors clustered at the group level are in parentheses. ** p< 0.05, *** p< 0.01.

When players are uncertain about their position, as in k2-high and k5-high, Table 2 shows that con-
tribution rates are significantly higher against the benchmark of k0-high, but there is no difference
in contributions compared to k7-high. There is no incremental positive effect of introducing posi-
tion uncertainty over and above the benefit obtained by moving from the simultaneous move to the
sequential move with position certainty. Thus, partially supporting our second hypothesis, we have
the following two results.
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Result 2 (Position uncertainty versus simultaneous-move): Contribution rates are higher when
players do not know their position and can observe k immediate predecessors’ actions compared
to the simultaneous-move setting.

Result 3 (Position certainty versus uncertainty): Contribution rates are similar when players
do not know their position and can observe k immediate predecessors’ actions compared to the
setting with position certainty.

Table 2 further shows that, in contradiction to theoretical arguments, contributions are invariant to
the change in the number of agents sampled.This is true for each level of r. Table 2, therefore, suggests
that while observability of predecessors’ actions is important, the specific number of predecessors
sampled is not pivotal for contributions. Contrary to hypothesis 3, our next result is thus:

Result 4 (Sample size irrelevance): In the presence of position uncertainty, ceteris paribus, an
increase in the number of agents sampled does not lower contributions.

Finally, it can be observed that keeping the value of k constant, changing r strongly affects
contributions. Supporting hypothesis 4, we have the following result.

Result 5 (Returns to contributions salience): In the presence of position uncertainty, ceteris
paribus, an increase in the returns from contributions increases contributions.

5.2. Decay in contributions
Figure 2 further displays the evolution of contributions over forty rounds in each treatment, using
realized individual decisions. In the simultaneous-move game (k0-high), there is a steep and sus-
tained decay in contributions until round 15 before stabilizing in the second half of the experiment.
k7-high also displays an initial decline in contributions, but the duration of such decay is less sus-
tained when compared to k0-high. With position uncertainty, however, the trend in contributions
seems to be either constant or decline only slightly over rounds, suggesting that position uncertainty
might be playing a positive role in preventing the decay in contributions (comparing treatments with
r = 5). Figure 2 also shows that contributions are more volatile with position certainty than without
(comparing k7-high to k5-high/k2-high). Moreover, with position uncertainty, contribution levels are
more varied when returns are lower.

Result 6 (Decay of contributions): There is minimal decay in contributions over time in the
presence of position uncertainty.

Decay in contributions has been observed consistently in linear public goods experiments
(Andreoni, 1988; Ledyard, 1995). The literature on punishment in public goods games has further
shown that contributions decline over time without punishment opportunities (Fehr and Gächter,
2000). Our above result suggests that it is possible to prevent this decaywithout the availability of pun-
ishments or rewards by changing the game into a sequential-move setting and introducing position
uncertainty.

5.3. Contribution decisions based on observed samples
Recall that 𝜉 = (𝜉′, 𝜉″) denotes a sample, where the first component shows the number of agents sam-
pled, and the second component gives the number of agents in the sample who contributed. We now
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(a) k0-high (b) k7-high

(c) k2-high (d) k2-low

(e) k5-high (f) k5-low

Fig. 2 Contribution over rounds, using realized individual decisions

analyze the average contribution rates given different subsets of information (or samples) observed
by the participants. Table 3 presents the average contribution rate across all treatments, given that
participants observe a sample of full contribution. In theory, zero contribution is always predicted
for the columns with greyed-out text. For the other columns, the full contribution is predicted in this
particular table since a sample of full contribution is observed.

It can be readily observed fromTable 3 that the theoretical prediction does not hold in data.Given a
sample of full contributions, contribution rates are around 80% with or without position uncertainty,
as long as r = 5. Similarly, when a sample of full contribution is observed, subjects contribute, on
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Table 3 Average contribution by information for each treatment given that full contribution is observed

Information k2-high k5-high k2-low k5-low k7-high

1, 1 0.80 0.79 0.57 0.56 0.80

2, 2 0.75 0.83 0.60 0.65 0.82

3, 3 0.83 0.66 0.80

4, 4 0.80 0.66 0.80

5, 5 0.73 0.67 0.78

6, 6 0.75

7, 7 0.71

Weighted average 0.75 0.77 0.59 0.63 0.78

Note: The decisions corresponding to the observed sample of full contribution are used, including both realized and unrealized decisions.
Theory predicts zero contribution for the treatments with greyed-out text. For the other treatments, full contribution is predicted as a sample
of full contribution is observed.

Table 4 Average contribution by information for each treatment given that zero contribution is observed

Information k2-high k5-high k2-low k5-low k7-high

1, 0 0.42 0.55 0.25 0.34 0.57

2, 0 0.23 0.43 0.17 0.14 0.26

3, 0 0.28 0.08 0.20

4, 0 0.25 0.05 0.15

5, 0 0.22 0.05 0.15

6, 0 0.16

7, 0 0.14

Note: The decisions corresponding to the observed sample of zero contribution are used, including both realized and unrealized decisions.
Theory predicts zero contribution for all treatments.

average, about 60% with r = 3, irrespective of the value of k. The sample size irrelevance and salience
of returns to contributions continue to hold when a history of full contribution is observed.

Table 4 gives the average contribution rates when participants observe a sample of zero contri-
bution. Given the same information sample, with k≠ 0, the return from contributions, rather than
the magnitude of k, continues to be the key determinant of contribution rates. Furthermore, there is
no difference in contribution rates between the various positions within each treatment when a full
contribution sample is observed. However, this is no longer the case with a zero contribution sample.
Unlike the decisions given a full contribution sample, when a zero contribution sample is observed,
there is a drastic decline in contribution between the first and second positions, which tapers off as
the position in the sequence increases.

The average contribution rates when participants observe partial contribution in the sample are
presented in Table 5. The entries for treatments with k = 5 and k = 7 clearly show that contribution
monotonically increases with an increase in the observed contribution in the sample. Participants
behave differently fromwhat the theory predicts.The contribution decision followsmore of a smooth
curve relative to the observed contribution in the sample rather than a steep cutoff to zero after not
witnessing a full contribution sample. Additionally, if the contribution in the observed sample is very
high but not at the maximum, the majority of individuals still would choose to contribute.
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Table 5 Average contribution by information for each treatment given that partial contribution is observed

Information k2-high k5-high k2-low k5-low k7-high

2, 1 0.54 0.65 0.35 0.42 0.58

3, 1 0.45 0.19 0.35

3, 2 0.71 0.46 0.66

4, 1 0.32 0.05 0.21

4, 2 0.57 0.30 0.43

4, 3 0.72 0.52 0.68

5, 1 0.27 0.04 0.17

5, 2 0.44 0.17 0.28

5, 3 0.65 0.39 0.50

5, 4 0.67 0.52 0.68

Note: The decisions corresponding to the observed sample of partial contribution are used, including both realized and unrealized decisions.
Theory predicts zero contribution for all treatments.

Table 6 Average contribution by sample size for each treatment

Sample size k2-high k5-high k2-low k5-low k7-high k0-high

0 0.73 0.70 0.53 0.55 0.76 0.41

1 0.61 0.67 0.41 0.45 0.68

2 0.51 0.63 0.37 0.40 0.55

3 0.57 0.35 0.50

4 0.53 0.32 0.45

5 0.50 0.31 0.43

6 0.42

7 0.40

Note: Sample size refers to the number of predecessors observed by a participant when making the contribution decision. All decisions, both
realized and unrealized, are included in the calculations. Taking the k2-high treatment as an example, the average of all contribution decisions
observed for the information (2, 0), (2, 1), and (2, 2) is 0.51. Theory predicts zero contribution for the treatments with greyed-out text. For the
other treatments, full contribution is predicted as long as a sample of full contribution is observed.

5.4. Contributions as function of position
Table 6 provides each treatment’s average contribution values by sample size. We see that, within
a treatment, the earlier the position, the higher the level of contribution. However, the decline in
contribution due to the lateness in sequence is not too drastic. Even when there is position certainty,
the drop in average contributions is quite gradual for the last four positions, and the values do not
fall below 0.40 for any position.

In order to better understand the quantitative effect of the position in the sequence on contribu-
tions, we conduct logistic regressions for each treatment with the participant’s contribution decision
as the dependent variable.We use all decisionsmade by a subject when inputting their strategy profile
for each round. That is, both realized and unrealized decisions are utilized. The explanatory variables
include the position dummies, the round number, contributions seen (defined as the sum of contri-
butions in the observed sample), and interaction variables between contributions seen and position
dummies. The marginal effects from the regressions are provided in Table 7 with the subject in the
first position as the reference/baseline category.

The results show that contributions monotonically decrease with lateness in the sequence. On
average, the difference in contribution rates between positions is highly significant in the first few
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Table 7 Marginal Effects from Logit regressions of “Contribute” at the decision level: k2-low, k2-high, k5-low, k5-high, and
k7-high

Baseline comparison: Pos 1

Variable k2-low k2-high k5-low k5-high k7-high

Pos 2 –0.247*** –0.272*** –0.144*** –0.139*** –0.165***
(0.044) (0.037) (0.033) (0.034) (0.052)

Pos> 2 –0.357*** –0.430***
(0.037) (0.033)

Pos 3 –0.318*** –0.244*** –0.416***
(0.047) (0.043) (0.069)

Pos 4 –0.443*** –0.384*** –0.502***
(0.053) (0.050) (0.079)

Pos 5 –0.552*** –0.433*** –0.595***
(0.064) (0.051) (0.083)

Pos> 5 –0.570*** –0.441***
(0.075) (0.041)

Pos 6 –0.624***
(0.071)

Pos 7 –0.606***
(0.066)

Pos 8 –0.605***
(0.054)

Round –0.003* –0.001 –0.003*** –0.002* –0.001
(0.002) (0.002) (0.001) (0.001) (0.001)

Contributions seen 0.208*** 0.234*** 0.137*** 0.103*** 0.082***
(0.037) (0.012) (0.014) (0.009) (0.003)

Contributions seen x (Pos 2) 0.077* 0.119** 0.018 0.134*** 0.125***
(0.044) (0.059) (0.026) (0.034) (0.029)

Contributions seen x (Pos 3) 0.066*** 0.091*** 0.165***
(0.022) (0.025) (0.038)

Contributions seen x (Pos 4) 0.042*** 0.079*** 0.107***
(0.013) (0.012) (0.022)

Contributions seen x (Pos 5) 0.030** 0.039*** 0.081***
(0.013) (0.012) (0.017)

Contributions seen x (Pos 6) 0.049***
(0.011)

Contributions seen x (Pos 7) 0.019***
(0.007)

No. of observations 5,040 5,040 7,920 7,920 8,640

Note: * p< 0.1, ** p< 0.05, *** p< 0.01. Marginal effects fromLogit regressions of “Contribute” using decision-level data. Each observation is a
decisionmadebya subject, irrespectiveofwhether itwas realized,where “Contribute”=1 if the subject’s decision is to contribute. “Contribute”
is equal to 0 otherwise. Standard errors clustered at the group level are in parentheses.

positions. The likely reason is that players deciding early in the sequence contribute more in the
expectation that their contribution behavior induces the successors to contribute.

Table 8 provides the marginal effects from regressions using data for participants unaware of their
exact position. We compare the contribution rates of such individuals in k2-high and k5-high against
the benchmark of k0-high. k2 Pos> 2 (k5 Pos> 5) equals 1 if the participant is not located in the first
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Table 8 Marginal Effects from Logit regressions of “Contribute” at the decision-level: unknown position

Baseline comparison: k0-high

Variable k2-high k5-high

k2 Pos> 2 –0.185***
(0.056)

k5 Pos> 5 –0.195**
(0.097)

Contributions seen 0.247*** 0.109***
(0.015) (0.010)

Round –0.003** –0.004***
(0.001) (0.001)

No. of observations 6,240 6,240

Note: ** p< 0.05, *** p< 0.01. Marginal effects of Logit regressions of “Contribute” using decision-level data for participants who do not know
their position. Each observation is a decisionmade by a subject, irrespective of whether it was realized, where “Contribute”= 1 if the subject’s
decision is to contribute. “Contribute” is equal to 0 otherwise. Standard errors clustered at the group level are in parentheses. k2 Pos> 2 (k5
Pos> 5) equals 1 if the participant is not located in the first two (five) positions.

two (five) positions.As can be observed, the contribution rate is significantly lower for the participants
in k2-high and k5-high as these individuals are aware of their lateness in the sequence, although they
donot know their exact position.Theyhave a larger incentive to defect as they are less able to influence
the decisions of others due to their late position.

The discussion in this subsection can be summarized as follows:

Result 7 (Contributions as function of position): Contributions weakly decline with lateness in
the sequence.

6. Conclusion
This study reported results from a laboratory experiment designed to test the efficacy of a novel
mechanism featuring position uncertainty and direct observation of immediate predecessors’ actions,
theoretically proposed by Gallice and Monzón (2019), in promoting cooperation in a one-shot
sequential public goods game. We find that contributions are higher when players choose sequen-
tially whether to contribute or defect, are uncertain about their position in the sequence, and observe
a sample of their predecessors’ choices compared to the simultaneous-move game. Yet, the addi-
tional gain from introducing position uncertainty is limited as contributions are high even when
players know their exact location in the sequence. Therefore, our results demonstrate that position
uncertainty is not a key determinant of cooperation.

The theoretical argument that supports the strategy prescribing contribution unless observing a
defection as an equilibrium in the game with position uncertainty relies on two main insights. First,
if not for position uncertainty, then those placed early in the sequence would contribute if they could
induce their successors to contribute as well. However, contributions would unravel as late players
would rather free-ride on the contributions of those moving early. Second, if a player does not know
her position, she bases her decision on the average payoffs from all possible positions. Then, she
contributes in order to induce her potential successors to do the same.

The first insight is not supported by data, as contributions do not unravel with position certainty.
Then, what is the pivotal factor determining whether we observe high contribution levels or not?
Apart from the return from contributions parameter, observing a sample of predecessors’ actions is
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instrumental in increasing contributions. However, contrary to the theoretical prediction, contribu-
tion rates do not change as the number of agents sampled increases. The sample size is secondary as
long as individuals can observe some of the actions of their immediate predecessors.

We interpret our experimental findings as positive for the position uncertainty mechanism in
the context of public good provision. Even though individuals interact only once and have access
to a partial sample of the history of play, high levels of cooperation can be observed. This result is
not readily observed in the literature unless the one-shot social dilemma is augmented with a pre-
play communication phase or if the stage game is repeated infinitely.21,22 Our data strongly suggests
that a sequential-move structure is always preferred to a simultaneous-move mechanism for a social
planner. Moreover, with a large number of players, having access to the complete history of decisions
made by all predecessors might be challenging within the sequential-move environment. In such
cases, while deciding to contribute or not, providing incomplete information in the form of the recent
contribution decisions of predecessors is enough to induce high contributions as long as the returns
from contributions are not too low.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.1017/esa.2025.
10020.
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