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Abstract

The well-known Tullock paradox predicts that people should not participate in large
protests. Yet they do. I propose a framework in which people choose optimally to
participate, even if the number of potential protesters is arbitrarily large. In my
model, people make sequential (stochastically arriving) participation decisions over
time, and the protest succeeds if participation surpasses a threshold. The incentives
crucially depend on stochasticity and timing. People choose to participate precisely
because they fear that if they do not, others in the future will not. The time should
be just right — not too soon so that there is a chance of not completing the protest
after skipping and not too late so that joining can still influence others’ decisions. I
show that there is an equilibrium in which people choose to participate under some
benefit-cost conditions, independent of the number of potential protesters.

∗University of Pittsburgh (bim10@pitt.edu).

mailto:bim10@pitt.edu


1 Introduction

Protests are one of people’s primary mechanisms to influence governments or effect
change. In recent years, the rise of this phenomenon has been relatively common. Chile,
Hong Kong, Iran, Guatemala, Belarus, Peru, Colombia, Canada, and the United States
are examples of countries that have experienced large-scale protests in the last couple of
years. Despite the high frequency with which societies face these incidents, the process
of protest formation and why people decide to participate are still open puzzles. The
challenge is predicated on the fact that for each individual it is costly to participate, but
their participation has a negligible impact on the protest’s likelihood of success. The
decision to participate is costly because people devote time and effort to the protest and,
depending on the context, face the risk of being injured, imprisoned, and even killed.
In contrast, the impact of participating on the likelihood of success depends on the
number of potential participants and how large the protest has to be to succeed. In the
examples mentioned above, in which protests have massive numbers, each individual’s
participation has almost zero impact on the likelihood of success. Thus, the individual
cost of participation is expected to exceed the benefit. Nevertheless, people participate
in these kinds of protests. This difficulty in explaining the decision to participate is
known as Tullock’s Paradox of Revolutions (Tullock, 1971). This paper contributes to
understanding the decision-making process that leads to participating in a protest and
proposes a solution to Tullock’s Paradox of Revolutions.

Most of the theory of protest formation considers the decision to participate to be
simultaneous, which precludes potential protesters from being influenced by the participation
of others. Hence, when deciding whether to participate, people only consider their
participation’s direct effect on the protest’s likelihood of success, which is negligible
whenever the pool of potential protesters is large. However, since large-scale protests
happen, there must exist an underlying source of benefits people consider when deciding
to participate in a protest that classical models are not capturing. For example, if the
decision to participate is not simultaneous, people could participate to prevent the protest
from dying down and allow others to participate in the future.

My approach to addressing Tullock’s Paradox of Revolutions consists of allowing
people to influence others’ decisions by participating in the protest. This ability stems
from potential protesters observing the number of people who have protested before
them. With this feature, my representation of a protest gets closer to the idea that a
protest is a sequence of events in which the number of participants increases until the
status quo changes or until participants lose faith in making a change, and the protest
dissolves. I develop a model of sequential protest formation in which a large pool of
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potential protesters get opportunities to participate in a protest at stochastic times, and
the protest succeeds if the number of participants is larger than a commonly known
threshold.1 These arrivals of stochastic opportunities should be thought of as instances
in which an individual is able to participate in the protest; for example, an opportunity
arrives when a demonstration takes place in close proximity. In the same way, instances in
which an individual does not have an opportunity to participate should be thought of as
the individual being unable to participate in the protest; for example, the demonstrations
are taking place in an unreachable location.

Under my specification, I first restrict the analysis to a specific type of protest, protests
with a commonly known deadline. Examples of such protests are those whose goal is to
prevent some policy from being implemented, prevent an event from being held, or sign a
petition before it is delivered.2 The critical assumption is that the protest will end at some
known point. Next, I lift the known deadline assumption to analyze the more organic
case in which the protest starts at a particular point in time, and in each subsequent
instance, other people may join the protest, or the protest may dissolve. The possibility
of a sudden end of the protest adds to the uncertainty that its participants face; now,
they not only worry about whether there will be enough participants but also whether
there will be enough time for them to join.

There are two main results in my paper. First, I show that there is an equilibrium
in which the protest succeeds with a strictly positive probability. Second, I show that
in equilibrium, holding the number of protesters for a success fixed while the number of
potential protesters grows infinitely large, under some benefit-cost condition, the protest’s
likelihood of success is bounded below by some positive value. These results provide a
solution to Tullock’s Paradox of Revolutions. Suppose the benefit of joining the protest
is not just the direct effect on the likelihood of success but also the indirect effect on
the probability with which other players will join the protest in future opportunities. In
that case, rational individuals participate in large-scale protests. The indirect effect is
the primary driver of my results.

Let me briefly explain the intuition for the mechanism behind my results and how the
interaction between sequentiality and randomness affects my model. Suppose that the
time at which the protest will end is commonly known, and the protest needs one more
participant to succeed. When a player gets an opportunity, she has to decide whether

1The threshold condition for a successful protest is a common assumption in the literature (Angeletos
et al. (2006), Edmond (2013)).

2For real-life examples, consider the protests before the supreme court justice Brett M. Kavanaugh
was appointed, or the 2021 protest in Japan, demanding the cancellation of that year’s Olympic games.
In both cases, the protests ended after the event took place, i.e., the justice was appointed, or the
Olympic games began.
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to join a successful protest or not join and wait for someone else to join in a future
opportunity. Suppose her opportunity arrives when the remaining time is small, so that
there is a low probability that any player will receive an additional opportunity. In that
case, her best response is to join the protest. Now, suppose that a protest needs two
more participants to succeed. When a player gets an opportunity, she knows that her
participation will not directly cause the protest to succeed, but someone else may join in
the future. If the opportunity arrives when the remaining time is not too large and not
too short, then it is a best response to join when two more participants are required. The
remaining time must not be too large so that it is unlikely that players will have many
additional opportunities and must not be too short so that other players have time to
join the protest in future opportunities. Under some benefit-cost conditions, by iteration
of this argument, it is possible to construct an equilibrium strategy in which any number
of players join the protest.

I contribute to the literature by focusing on the sequential nature of protests. However,
sequentiality alone does not provide a satisfactory solution to the puzzle. Suppose the
timing at which players take an action is commonly known. In that case, the unique
Subgame Perfect Equilibrium is that the last ω players to decide are the players who
join the protest, where ω is the minimum number of players required for the protest
to succeed. Of course, empirically people do not know the order in which they would
decide whether to participate. Thus, sequentiality by itself does not provide a satisfactory
explanation for the existence of large-scale protests. Hence, I model the timing at which
players decide whether to join the protest with random arrival of opportunities.

In the literature, a widely used approach to circumvent Tullock’s Paradox is to
differentiate the benefit enjoyed by participants and non-participants. A participant
enjoys selective benefits, for example, if there is some psychological benefit derived from
being part of the protest (Egorov and Sonin (2014)) or if there is a “warm glow” benefit
from regime change (Bueno de Mesquita (2010)). Although under selective benefits
people’s participation in large protests is justified, the decision to participate is uniquely
motivated by the selective benefits. In this paper, I show that the benefits stemming from
changing the status quo are enough for people to participate in a large-scale protest.

While I am motivating my model with a protest, the applications do not have to be
limited to this particular topic. For example, the model can shed light on interactions in
which people collaborate in completing a project or contribute voluntarily to provide a
public good.3 In this sense, all the results can be extended to a wide variety of interactions.

The rest of the paper is organized as follows. I discuss the literature in Subsection 1.1.
3For instance, players receive stochastic opportunities to donate to the construction of a university

building. Where the building can be put into use only after enough has been donated.
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Section 2 formally introduces the puzzle. Section 3 presents the known deadline model,
and I solve for its equilibrium in Section 4. Section 5 extends the model and results for
a stochastic deadline. Section 6 concludes. All the proofs are relegated to Appendix B.

1.1 Literature review

This paper is closely related to what I call the one-stage revolution literature —Shadmehr
and Bernhardt (2011) and Chen and Suen (2017) — where agents decide simultaneously
whether to join a revolutionary movement. People’s decisions are aggregated to determine
either the success or the failure of the revolution. The payoffs for each individual depend
on the revolution’s outcome and the action taken, usually including selective benefits. The
literature departed from the standard benefit structure, where regardless of the action
taken, all players enjoy equally the outcome of the revolution, after Tullock (1971) used
the pivotality argument to predict that in large societies no player should join a protest.
Shadmehr (2018) revisits the common benefits and simultaneous decision framework; in
this case, people participate because the benefit of a successful protest increases in the
number of players (altruistic benefit), increases in such a way that compensates for the
reduction in the likelihood of being pivotal.

This papers is also related to what I call the two-stage revolution literature —
Angeletos et al. (2006), Bueno de Mesquita (2010), Edmond (2013), Bueno de Mesquita
(2013), Egorov and Sonin (2014), and Shadmehr (2015)— where, as the name says,
the games are composed of two stages, one of which is a simultaneous revolution game
with selective benefits. In the stage previous to the revolution game, an agent makes
a move to influence the equilibrium in the second stage, which can vary from affecting
agents’ information (Edmond (2013)), to selecting the policy implemented in the new
regime (Shadmehr (2015)). As in the one-stage revolution literature, the equilibria in the
two-stage revolution games are driven by the selective benefits. Jara and Matta (2020)
shows that if the regime cost of a successful revolution is also selective, then the conditions
for an equilibrium in which the revolution succeeds are more strict.

The paradox of revolutions has some similarities with the turnout puzzle in elections
with costly voting —Downs et al. (1957), Tullock (1967), Riker and Ordeshook (1968)
and Palfrey and Rosenthal (1985)— where the pivotal argument is used to argue that
turnout in elections should be lower than the observed. The critical difference between
the turnout puzzle and the revolution paradox is that most elections are undeniably a
simultaneous interaction; voters cannot see what others have chosen until the votes are
counted. Contrarily, in revolutions, it is possible to see whether other people participate
in the demonstrations, which endows the revolution process with a sequential nature.
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My approach for solving Tullock’s paradox of revolutions shares some characteristics
whit the public-good contribution literature —Cvitanić and Georgiadis (2016), Georgiadis
(2017) and Bowen et al. (2019)— where time is continuous, at each instant players decide
how much to contribute to a public good, and the public good is provided if only if
enough has been contributed. Suppose the outcome of a protest is thought of as a public
good. In that case, my model differs from this literature in two respects: the decision
of whether to participate (contribute) in the protest is binary, and this decision is taken
in countable many instances selected at random. Suppose players could contribute to a
public good at each instant previous to a deadline, as in Cason and Zubrickas (2019),
and the decision of whether to contribute is binary. In that case, no player contributes
before the deadline, and players face a simultaneous game in the deadline.

My model is part of the stochastic games literature, where player receive random
opportunities to take an action —Kamada and Muto (2011), Kamada and Kandori (2011),
Calcagno et al. (2013), Ambrus et al. (2014) and Kapor et al. (2019)— opportunities are
drawn at a Poisson rate during a time window [−T, 0], and payoffs are received at time
zero. Opportunities may be common to all players, i.e., every player takes action in each
opportunity (Kamada and Muto (2011)); or opportunities may be independent across
players (Kapor et al. (2019)), potentially arriving at different Poisson rates. Lovo and
Tomala (2015) show that a Markov perfect equilibria exist in this type of game, and
Moroni (2020) shows that trembling hand equilibria exists in a broader type of games.

2 Simultaneous Protests

In order to illustrate how dynamics are important for my results and following the protest
literature, let me start by considering protests as a simultaneous game. There are n

players that choose simultaneously whether to join (ai = 1) or not to join (ai = 0)
a protest. If player i joins, she has to bear a cost c > 0. If at least ω ∈ N players
join, then the protest succeeds, and every player receives a benefit of B > c (including
non-participants). I assume 1 < ω < n so that players face a coordination and free-riding
problem.

I focus on equilibria in symmetric strategies, where a symmetric strategy is entirely
characterized by the probability, q ∈ [0, 1], that players assign to joinining the protest.
Given a symmetric strategy for oposing players, player i’s payoffs for choosing each pure
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strategies are

ui(1, q; n) = Pr(A−i ≥ ω − 1 | n, q) B − c

ui(0, q; n) = Pr(A−i > ω − 1 | n, q) B,

where A−i is the number of players other than i that joined the protest. Then, it is a
best response to allocate a positive probability to joining the protest if and only if

Pr(A−i = ω − 1 | n, q) B − c ≥ 0. (1)

That is, if and only if the marginal benefit from joining the protest, Pr(A−i = ω − 1 | n, q) B,
is more significant than the marginal cost, c. In particular, since ω ∈ {2, ..., n − 1}, in
any symmetric equilibrium, either expression (1) holds with equality for some q∗ ∈ (0, 1),
or q∗ = 0 and expression (1) does not hold.

Proposition 1. There is a n̄ ∈ N such that for any n ≥ n̄, the unique symmetric
equilibrium is q∗ = 0. This is, the protest fails with certainty when the number of potential
protesters is large enough.

All the proofs are relegated to the Appendix B. Intuitively, for a large n and any
symmetric strategy, as the number of players increases, the probability that the number
of opposing players that joined the protest is exactly ω decreases. Consequently, for large
n, no player assigns a positive probability to join the protest, precluding the existence of
a symmetric equilibrium in which protests succeed with positive probability.

Proposition 1 formally establishes Tullock’s paradox of revolutions. As the number
of potential protesters grows large, there is no symmetric equilibrium in which players
participate in the protest.

3 Model

I consider a dynamic model of protest formation in which n players choose whether to
join a protest at stochastic opportunities during a time window of length T . Time is
continuous and runs from 0 through T . Player i ∈ N := {1, ..., n} can join the protest at
time t ∈ [0, T ] only if she receives an opportunity at that time. Opportunities are drawn
randomly at a constant Poisson rate λ, independently across players.

Player i takes an action at time t only if she gets an opportunity at that time. In
an opportunity at time t, player i has to choose between joining (ait = 1) or not joining
(ait = 0) the protest. At the beginning of the protest no player has joined, and once a
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player joins, she can not leave. Hence, if player i joins the protest at time t, aiz = 0 for
all z ∈ [0, t) and aiz = 1 for all z ∈ [t, T ].

The protest succeeds if AT ≥ ω, where AT = ∑n
i=1 aiT is the number of players

participating in the protest at time T and ω ∈ N is a commonly known parameter
that measures the strength of the government. The protest fails if AT < ω.4 I assume
1 < ω < n.

The payoff of each player i ∈ N is given by ui : {1, 0}n → R, defined as

ui(aT ) =

B − aiT c if AT ≥ ω

−aiT c if AT < ω

That is, independent of the outcome of the protest, each participant bears the cost c > 0.
If the protest succeeds, every player receives a benefit B > c. There is no discounting.
Players are subject to a free-riding and coordination problem, everyone wants the protest
to succeed, but no one wants to bear the cost.

Player i’s private history at time t ∈ [0, T ] consists of which are the players who
have joined the protest up to time t, at which time each of these players joined, and the
timing of all i’s opportunities up to that time. Player i does not observe opposing players’
opportunities. Thus, a player i’s private history at time t with r opportunities is of the
form ht

i = (t, bt, (ti
m)r

m=1); where t is the time of the history, bt ∈ ([0, t)⋃ {⊘})n indicates
for each player j ∈ N the time at which player j joined the protest (bjt = ⊘ if she has not
joined), and (ti

m)r
m=1 is the list of times in which player i had an opportunity. Let Ht,r

i

denote the set of private histories at time t in which player i had r opportunities, and
let Ht

i = ⋃
r∈N0 Ht,r

i denote the set of private histories at time t. Let H̄t
i ⊂ Ht

i denote the
set of private histories of player i in which she has an opportunity at time t. A strategy
for player i is a function, σi : ⋃

t
H̄t

i → [0, 1], that assigns to each private history at which
she has an opportunity, the probability with which player i joins the protest. The set of
player i strategies is denoted Σi.

A complete history at time t is of the form ht =
(

t, bt,
(
(tj

m)rj

m=1

)
j∈N

)
; where t is the

time of the history, bt indicates for each player whether she joined the protest and at
which time, and for each j ∈ N , (tj

m)rj

m=1 is the list of timings of the rj opportunities that
player j had up to time t. The set of all complete histories at time t is denoted by Ht.

The information set of player i following private history ht
i ∈ H̄t

i is denoted by Ii(ht
i) ⊂

Ht and is composed of all the complete histories that are consistent with i′s private
history. This is, given a private history ht

i, any two complete histories h̃t, h⃗t ∈ Ii(ht
i)

4The protest last until time T , even if At ≥ ω for some t < T . This simplifies the notation and has
no effect on the equilibrium dynamics; once At ≥ ω, no one else would have any incentive to join in the
remaining time.
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satisfy b̃t = b⃗t = bt and
(
t̃i
m

)ri

m=1
=
(
t⃗i
m

)ri

m=1
= (ti

m)ri
m=1; the only differences among

these complete histories are the lists of opportunities of opposing players. As the lists of
opportunities are drawn by nature, beliefs over information sets are uniquely determined
by nature. Let µ(ht

i)(ht) denote the density that represents i’s beliefs about complete
history ht in information set Ii(ht

i).5

I use the standard Perfect Bayesian Equilibrium (PBE) as the equilibrium concept
for my model, Definition 1 below establishes the conditions for a PBE on this game. In
what follows, I introduce the required notation for the definition.

Given a strategy profile σ the result of the protest and the participation of each
player are random variables, both depending only in the realization of opportunities. Let
πht(σ) be the probability distribution over aT ∈ {1, 0}n induced by σ following complete
history ht ∈ Ht. In words, πht(σ) is a probability distribution over who will end up
participating in the protest at time T , conditional in players behaving according to the
profile of strategies σ and at time t the complete history ht is realized. Formally, πht(σ) ∈
∆ {aT ∈ {1, 0}n | aiT = 1 if ait = 1}.

Definition 1. A Perfect Bayesian Equilibrium is a strategy profile σ∗ such that for each
i ∈ N , t ∈ [0, T ], ht

i ∈ H̄t
i and for all σi ∈ Σi,∫

Ii(ht
i)
µi

(
ht

i

)(
ht
)
Eπht(σ∗)

[
1{AT ≥ω}B − aiT c

]
dht ≥

∫
Ii(ht

i)
µi

(
ht

i

)(
ht
)
Eπht(σi,σ∗

−i)
[
1{AT ≥ω}B − aiT c

]
dht.

(2)

3.1 Preliminaries

To verify that a strategy profile σ∗ is part of a PBE, according to Definition 1, it is
necessary to check for every player i ∈ N and every information set that player i does not
have any other strategy that delivers a better outcome. I focus on symmetric equilibria in
strategies that satisfy the Markov Condition (below) to simplify this process. Proposition
2 establishes that to verify that such a strategy is part of a symmetric PBE, it is enough
to check that there are no profitable deviations to another strategy that satisfies the
Markov Condition.

Markov Condition. A strategy σi satisfies the Markov Condition if it is such that for
every t ∈ [0, T ] and for any two private histories ht

i, h̃t
i ∈ H̄t

i in which At = Ãt, σi(ht
i) =

σi

(
h̃t

i

)
.

A strategy σi satisfies the Markov Condition if for all t ∈ [0, T ], in any two private
histories ht

i, h̃t
i ∈ H̄t

i in which the same number of players have joined the protest
5I provide details on how to calculate all beliefs and distributions on Appendix A.
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(At = Ãt), player i joins the protest with the same probability. That is, σi(ht
i) = σi

(
h̃t

i

)
independent of the differences in the number of i’s previous opportunities, the arrival
time of those opportunities, who are the players that have joined the protest, and the
time at which those players joined.

Proposition 2. If σ∗
i satisfies the Markov Condition, then σ∗

i is part of a symmetric
PBE if and only there is not a profitable one-shot deviation to a strategy that satisfies the
Markov Condition.

The validity of the one-shot deviation principle for this type of game was established
in Kapor et al. (2019). Notice that deviations from one strategy that satisfies the Markov
Condition to another strategy that satisfies this condition involve a deviation in more than
one information set. Still, in all those information sets, the continuation game unfolds
equivalently. For consistency, I group all the private histories with the same number of
opposing players participating in the protest at time t ∈ [0, T ]. Given a private history
at time t, ht

i = (t, bt, (ti
m)r

m=1), let its simplified version be ĥt
i = (t, At, ait, opp); where t

is the time of the history, At is the number of player who have joined before t, ait = 1 if
player i has joined the protest before t and ait = 0 if she has not, and opp = ✓ if player
i has an opportunity at time t and opp = ✗ if she does not have an opportunity at time
t. Let Ĥt

i be the set of all simplified private histories at time t in which player i has an
opportunity at time t.

Any two private histories at time t, ht
i, h̃t

i ∈ Ht
i such that At = Ãt and ait = ãit,

have the same simplified private history ĥt
i. Hence, a deviation from one strategy that

satisfies the Markov Condition to another strategy that satisfies this condition involves a
deviation in only one simplified private history.

Restricting attention to symmetric Perfect Bayesian equilibria in which the symmetric
strategy satisfies the Markov Condition allows me to simplify the game. At any simplified
private history ĥt

i, for any two complete histories ht, h̃t ∈ Ii

(
ĥt

i

)
,6 the expectation of

player i about the continuation play of opposing players is the same. Although opposing
players are expected to behave the same at ht and h̃t, who these players are may differ.
Therefore, the distribution over aT and ãT may differ, while the distribution over (AT , aiT )
and (ÃT , ãiT ) is the same. Let πĥt

i(σ) be the probability distribution over (AT , aiT ) induced
by the symmetric profile of strategies σ following simplified private history ĥt

i. Formally,
πĥt

i(σ) ∈ ∆ {(AT , aiT ) | aiT = 1 if ait = 1, and AT ≥ At}.7

The following definition provides the sufficient and necessary conditions for a strategy
to be a symmetric PBE that satisfies the Markov Condition.

6Where Ii

(
ĥt

i

)
:= Ii(ht

i), for any private history ht
i that induces the simplified private history ĥt

i.
7I provide details on how to calculate πĥt

i (σ) on Appendix A.3.
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Definition 2. An strategy σ∗
j is a Symmetric Markovian Equilibrium if and only if

i. σ∗
j satisfies the Markov Condition.

ii. For each i ∈ N , t ∈ [0, T ], ĥt
i ∈ Ĥt

i, δ ∈ [0, 1],

E
π

ĥt
i(σ∗)

[
1{AT ≥ω}B − aiT c

]
≥ E

π
ĥt

i

(
σ∗|δ

ĥt
i

)[1{AT ≥ω}B − aiT c
]

Where σ∗ |δ
ĥt

i

is a strategy profile identical to σ∗ except that player i at simplified
private history ĥt

i joins the protest with probability δ ∈ [0, 1]. Definitions 2 does not
include beliefs over complete histories because even though the information set of each
simplified private history has more than one complete history, the probability distribution
over (AT , aiT ) is the same in each of those complete histories.

Henceforth, I refer to the Symmetric Markovian PBE as the equilibrium of the game.

4 Equilibrium

In this section, I characterize an equilibrium of the model described above. The presentation
of the results is structured as follows. I first explain how the interaction between sequentiality
and randomness affects the likelihood with which a player believes she is a pivotal
protester. In Subsection 4.1, under the simplifying assumption ω = 2, I show the existence
of an equilibrium in which the protest succeeds with positive probability. Moreover, if
the benefit is large compared to the cost, in equilibrium, the protest succeeds with a
positive probability for any (arbitrarily large) number of players. Next, in Subsection
4.2, I generalize the previous results for any feasible ω.

To understand the trade-offs faced by a player with an opportunity, suppose that the
realizations of the timing of the opportunities are common knowledge, as in Figure 1a.
In this example, everyone knows that there will be two arrivals of opportunities in the
remaining time: the first opportunity for player j and the second opportunity for player
k. Whether player j and k join the protest at their respective opportunities depends on
how many additional people the protest needs to succeed. Suppose that At̃ = ω − 1,
so that at the time of player k’s opportunity, the protest needs one more participant
to succeed. As it is common knowledge that there will not be additional opportunities,
player k knows she is a pivotal protester; therefore, player k optimally chooses to join at
time t̃. On the other hand, if At̃ ̸= ω − 1, then player k optimally chooses not to join
either because the protest already succeeded (At̃ ≥ ω), or she is not a pivotal protester
(At̃ < ω − 1).
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Figure 1

Now suppose that At = ω−1, so that at the time of player j’s opportunity the protest
needs one more participant to succeed. As it is common knowledge that player k will
have an additional opportunity, and k will join in case of the protest needing only one
additional participant, player j knows she is not a pivotal protester. Therefore, player j

optimally chooses not to join at time t. In contrast, if At = ω − 2, player j knows she is
a pivotal protester because player k will join if and only if j joins at time t; hence, player
j optimally chooses to participate at time t. Finally, if At ̸= ω − 2, player j does not join
because either she is not pivotal or the protest already succeeded.

Unlike the example in Figure 1a, in the game described above players do not know
whether others will have additional opportunities. Figure 1b shows this case, player i

has an opportunity at time t, and she does not know whether there will be continuation
opportunities. Whether player i joins the protest at her opportunity depends on how
many additional people the protest needs to succeed and how likely she is a pivotal
protester. Suppose that At = ω − 1, so that at the time of player i’s opportunity, the
protest needs one more participant to succeed. In this case, player i is a pivotal protester
if and only if there are no additional arrivals of opportunities. Hence, if it is likely that
there are no additional arrivals, player i joins the protest.8 In general, if At = ω − x,
player i joins the protest if it is likely that there will be exactly x − 1 additional arrivals.

4.1 Simplest case, ω = 2.

I begin the analysis by solving for an equilibrium in the game with ω = 2. In this case,
the protest succeeds if two players join. Using a notion of backward induction, I first
characterize the optimal strategy for any simplified private history of the form (t, 1, 0, ✓);
i.e., the optimal decision in any simplified private history at time t in which there is
At = 1 player in the protest, player i have not joined the protest ait = 0, and she has an
opportunity. Next, I characterize the optimal strategy for any simplified private history
of the form (t, 0, 0, ✓).

Lemma 1. There is a time t∗ = T −
log( (n−1)B−c

(n−2)c )
(n−1)λ , such that for each player it is a

best response to join the protest at simplified private history (t, 1, 0, ✓) with probability
8The probability of not having an additional arrival between the n − (ω − 1) remaining players is

given by e−(n−(ω−1))λ(T −t).
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σ∗
i (t, 1, 0, ✓), where

σ∗
i (t, 1, 0, ✓) =

0 if t < t∗

1 if t ≥ t∗.
(3)

At simplified private history (t, 1, 0, ✓), one more player has to join for the protest
to succeed. Figure 2 shows for each t ∈ [0, T ] the payoff for joining and not joining the
protest at (t, 1, 0, ✓), contingent upon continuation play unfolding according to (3). The
strategy σ∗

i (·, 1, 0, ✓) is a best response if and only if there are not one-shot deviations at
any t ∈ [0, T ].

0 Tt∗ time

payoff

B − c

join
not join

Figure 2: payoff for joining and not joining the protest at (t, 1, 0, ✓), given that in any
continuation history player behaves according to the strategy described in Lemma 1.

The payoff for joining at any t is B − c; that is, player i bears the cost for the protest
to succeed. The payoff for not joining at t is[

B − 1
n − 1c

]
Pr(someone joins after t) , (4)

where
[
B − 1

n−1c
]

is i’s expected payoff conditional on the success of the protest. Indeed,
the protest succeeds if someone joins after t, and given the symmetric strategy, each of
the n−1 remaining players have the same probability of being the last participant. Thus,
if the protest succeeds, player i gets the benefit and bears the cost with probability 1

n−1 .
The protest’s probability of success depends on the continuation play. According to

12



(3),

Pr(someone joins after t) =
(
1 − e−(n−1)λ(T −max{t∗,t})

)
.

To understand this expression, consider that the rate at which a player joins the protest
depends on the Poisson rate, λ, at which she receives opportunities and the probability
of joining at that opportunity. According to (3), every player joins the protest with
probability zero before t∗, and with probability one after t∗. Therefore, after player i

decides not to join the protest in an opportunity at time t, in the continuation game,
each remaining player joins the protest at the first opportunity after max{t∗, t}. Hence,
the probability with which the protest succeeds after player i does not join at time t, is
given the likelihood of at least one of the n−1 remaining players receiving an opportunity
after max{t∗, t}.

In order for σ∗
i to be a best response at (t, 1, 0, ✓), there should not be any profitable

one-shot deviations. Defining t∗ to be the time at which B − c = (4), this is,

t∗ = T −
log
(

(n−1)B−c
(n−2)c

)
(n − 1)λ ,

then at each simplified private history, σ∗
i (t, 1, 0, ✓) assigns the pure strategy with the

highest continuation payoff.9

Lemma 2. If (n − 2)c
(n − 1)B − c

>
B − c

B
, then the unique best response at simplified private

history (t, 0, 0, ✓) is to not join the protest,

σ∗
i (t, 0, 0, ✓) = 0.

At simplified private history (t, 0, 0, ✓), two more players have to join for the protest
to succeed. If no player has joined up to time t̃ > t, continuation play unfolds according
to σ∗

i (·, 0, 0, ✓); while if at time t̃ the protest already has one participant, continuation
play unfolds according to σ∗

i (·, 1, 0, ✓). Hence, the continuation payoff for not joining the
protest at any (t, 0, 0, ✓) is zero, and the continuation payoff for joining at (t, 0, 0, ✓) is
B · Pr(arrival after max {t∗, t}) − c. In the latter case, after joining, player i bears the
cost and gets the benefit only if someone joins after. The strategy σ∗

i (·, 0, 0, ✓) is a best
response if and only if there are not one-shot deviations at any t ∈ [0, T ].

The maximum probability with which the protest succeeds after player i joins, is
given by the case when the remaining players have the whole interval [t∗, T ] to receive

9To simplify notation, I assume that T is large enough so that for a given finite sequence of thresholds,
{tk}K

k=1 ⊂ R+, T − tk > 0 for each k ∈ {1, ..., K}.
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opportunities. Thus, the maximum continuation payoff player i gets after joining is given
by

B
(
1 − e−(n−1)λ(T −t∗)

)
− c. (5)

Under the condition (n−2)c
(n−1)B−c

> B−c
B

, expression (5) is strictly negative. Therefore,
join the protest with probability zero in every opportunity is a best response.

Lemma 3. If (n − 2)c
(n − 1)B − c

<
B − c

B
, there are times t, t ∈ [0, T ], such that t∗ ∈ [t, t ]

and for each player it is a best response to join the protest at simplified private history
(t, 0, 0, ✓) with probability σ∗

i (t, 0, 0, ✓), where

σ∗
i (t, 0, 0, ✓) =

0 if t /∈ [t, t ]

1 if t ∈ [t, t ].
(6)

At simplified private history (t, 0, 0, ✓), two more players have to join for the protest
to succeed. As before, if no player has joined up to time t̃ > t, continuation play unfolds
according to σ∗

i (·, 0, 0, ✓); while if at time t̃ the protest already has one participant,
continuation play unfolds according to σ∗

i (·, 1, 0, ✓). Figure 3 shows for each t ∈ [0, T ]
the payoffs for joining and not joining the protest at simplified private history (t, 0, 0, ✓),
conditional on continuation play unfolding according the corresponding strategy. The
strategy σ∗

i (·, 0, 0, ✓) is a best response if and only if there are not one-shot deviations at
any t ∈ [0, T ].

The continuation payoff for joining the protest at time t is

B
(
1 − e−(n−1)λ(T −max{t∗,t})

)
− c. (7)

The continuation payoff for not joining the protest at time t depends on the remaining
time. If player i does not join in an opportunity at t ≥ t, according to (6) no player joins
after. Thus, the protest fails, and player i gets a continuation payoff of zero.

If player i does not join in an opportunity at t ∈ [t∗, t ), the protest succeeds if a first
player receives an opportunity in the time interval [t, t ] and a second player receives an
opportunity after, which happens with probability W (t) − X(t), where

W (t) =
(

1 − e−nλ(t−t)
)

X(t) =e−(n−1)λ(T −t) n

2n − 1

(
1 − e−(2n−1)λ(t−t)

)
.

W (t) is the probability of one of the n players receiving an opportunity in the time interval
[t, t ], while X(t) is the probability of one of the n players receiving an opportunity in the

14



join
not join

0 T
time

payoff

−c

t∗t t

Figure 3: payoff for join and not join the protest at (t, 0, 0, ✓) for each t ∈ [0, T ], given that
in any continuation private history players behaves according to the strategy described
in Lemma 1 and 3.

time interval [t, t ] and the n − 1 remaining players not receiving an opportunity after.
On the other hand, the protest fails with probability 1 − W (t) + X(t) either because no
player joins after t or only one player joins after t. Thus, if player i does not join in an
opportunity at t ∈ [t∗, t ), her continuation payoff is

(
B − 2

n
c
)

(W (t) − X(t)) − c

n
X(t) . (8)

To understand this payoff, notice that with probability W (t)−X(t) the protest succeeds,
player i gets the benefit B and bears the cost c with probability 2

n
. With probability

X(t), the first player joins the protest, and a second player does not join after. In this
event, player i bears the cost with probability 1

n
.

If player i does not join in an opportunity at t ∈ [t, t∗), the probability with which
the protest succeeds can be separated into two events. First, the protest succeeds if a
first player joins in the time interval [t, t∗) and a second player joins after, which happens
with probability Y (t) − Z(t), where

Y (t) =
(
1 − e−nλ(t∗−t)

)
Z(t) =e−(n−1)λ(T −t∗)

(
1 − e−nλ(t∗−t)

)
.
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Y (t) is the probability of one of the n players receiving an opportunity in the time interval
[t, t∗), while Z(t) is the probability of one of the n players receiving an opportunity in
the time interval [t, t∗) and the n − 1 remaining players not receiving an opportunity
after t∗. Second, the protest succeeds if no player joins the protest in the time interval
[t, t∗), a first player joins in the time interval [t∗, t], and a second player joins after, which
happens with probability e−nλ(t∗−t) [W (t∗) − X(t∗)]. On the other hand, with probability
Z(t) + e−nλ(t∗−t)X(t∗) the protest fails because only one player joins after t. Thus, if
player i does not join in an opportunity at t ∈ [t, t∗), her continuation payoff is
(

B − 2
n

c
) (

Y (t) − Z(t) + e−nλ(t∗−t) [W (t∗) − X(t∗)]
)

− c

n

(
Z(t) + e−nλ(t∗−t)X(t∗)

)
(9)

To understand this payoff, notice that with probability
(
Y (t) − Z(t) + e−nλ(t∗−t) [W (t∗) − X(t∗)]

)
the protests succeeds, player i gets the benefit B and bears the cost c with probability 2

n
.

With probability
(
Z(t) + e−nλ(t∗−t)X(t∗)

)
the first player joined the protest and a second

player did not join after. In this event, player i bears the cost with probability 1
n
.

If player i does not join in an opportunity at t < t, no player joins in the time interval
[t, t ). Thus, her continuation payoff is equivalent to not join at time t, this is,
(

B − 2
n

c
) (

Y (t) − Z(t) + e−nλ(t∗−t) [W (t∗) − X(t∗)]
)

− c

n

(
Z(t) + e−nλ(t∗−t)X(t∗)

)
.

Now I characterize the thresholds t and t so that the strategy proposed does not have
any profitable one-shot deviation. First, notice that the payoff for both pure strategies is
continuous and weakly decreasing.

As shown in Figure 3, at the end of the protest, time t = T , the payoff for joining is
strictly smaller than the payoff for not joining. Furthermore, after t, the payoff for not
joining is constant and equal to zero, while the payoff for joining decreases. If t is defined
to be the time at which the payoff for joining intersects zero, this is

t = T −
log
(

B
B−c

)
(n − 1)λ ,

then at each simplified private history after t, σ∗
i (t, 1, 0, ✓) assigns the pure strategy with

the highest continuation payoff.
In Appendix B.5, I show that in the time interval [t∗, t ) the payoff for joining the

protest decreases faster than the payoff for not joining. Thus, given that at time t both
pure strategies deliver the same payoff, at each simplified private history at t ∈ [t∗, t ),
σ∗

i (t, 1, 0, ✓) assigns the pure strategy with the highest continuation payoff. Moreover, at
time t∗, the unique best response is to join the protest with probability one.

16



Since before t∗ the payoff for joining is constant (given by (5)) and after t the payoff
for not joining is strictly decreasing in t (given by (9)), by defining t to be the time at
which (9) = (5) , σ∗

i (t, 1, 0, ✓) assigns the pure strategy with the highest continuation
payoff. This is, t is the time that solves

B
(
1 − e−(n−1)λ(T −t∗)

)
− c =

(
B − 2

n
c
) (

Y (t) − Z(t) + e−nλ(t∗−t) [W (t∗) − X(t∗)]
)

− c

n

(
Z(t) + e−nλ(t∗−t)X(t∗)

)
.

(10)

The following result summarizes Lemmas 1, 2 and 3.

Proposition 3. There is an equilibrium in the game with n players and ω = 2, σ∗, such
that

i. If (n − 2)c
(n − 1)B − c

>
B − c

B
,

σ∗
i (t, 1, 0, ✓) =

0 if t < t∗

1 if t ≥ t∗
σ∗

i (t, 0, 0, ✓) =0.

ii. If (n − 2)c
(n − 1)B − c

<
B − c

B
,

σ∗
i (t, 1, 0, ✓) =

0 if t < t∗

1 if t ≥ t∗
σ∗

i (t, 0, 0, ✓) =

0 if t /∈ [t, t ]

1 if t ∈ [t, t ].

Where t∗ = T −
log( (n−1)B−c

(n−2)c )
(n−1)λ , t = T − log( B

B−c)
(n−1)λ and t is the largest solution to equation

(10).

Proof. Direct from Lemmas 1, 2 and 3.

Proposition 3 establishes that, in the case of ω = 2 and for any number of players,
there are conditions under which, in equilibrium, the protest succeeds. The following
result address Tullock’s paradox of revolutions for the particular case ω = 2.

Corollary 1. In the described equilibrium of the game with n players and ω = 2, as
n → ∞, the protest succeeds with positive probability if and only if B > 2c.10 Furthermore,
the ex-ante probability with which the protest succeeds in bounded below by B−2c

B−c
c
B

> 0.
10In the limit as n → ∞, the condition B > 2c ensures a positive maximum payoff for the first player
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Corollary 1 rationalizes the existence of large-scale protest in the particular case of
ω = 2. Although limited by the low threshold, the sequential dynamics in the model
provide a (possible) solution to Tullock’s Paradox of Revolutions. In contrast, Proposition
1 shows that in the game with simultaneous actions, in any symmetric equilibria, the
protest fails as the number of players grows large, including the case ω = 2.

4.2 General case, ω ∈ {2, ..., n − 1}.

Now, I address the general setting where ω takes any value in {2, ..., n − 1}. A key notion
in the game is that when the xth player joins the protest, the remaining n−x players face
a protest with ω′ = ω − x. To simplify notation, I denote by game-(x) the protest with
threshold ω′ = ω − x and n′ = n − x players, and denote by Pr(t, B, c; x) the equilibrium
probability with which the protest succeeds if in game-(x) no player has joined up to time
t.

Proposition 4. For every (ω, c) ∈ {2, ..., n − 1} ×R+ there is a B(ω, c) ∈ R+ such that
for any B > B(ω, c), there is an equilibrium in which the protest succeeds with a strictly
positive probability.

Proposition 4 generalizes the results of proposition 3: for any feasible ω there are
conditions under which, in equilibrium, the protest succeeds. As an intuition, consider
the case of ω = 3. In game-(0), after the first player joins, the remaining players face
game-(1). Thus, if the first player that joins game-(0) does it a time t, her continuation
payoff is

B Pr(t, B, c; 1) − c. (11)

Proposition 3 establishes that Pr(t, B, c; 1) > 0 for any t < t, and Pr(t, B, c; 1) = 0 for
any t ≥ t. Thus, at time t the first player on joining game-(0) has a strictly negative
payoff. On the other hand, if B is large enough, being the first player on joining game-(0)
yields a strictly positive payoff at time t.11 Under an argument analogous to the one
argued for Lemma 3, there are thresholds ť, t̂ ∈ [0, T ] such that ť < t < t̂ < t, under
which, if the first player on joining game-(0) does it only at the first opportunity during[
ť, t̂
]
, then that player does not have any profitable one-shot deviation.

to join. Indeed, replacing t∗ in the maximum payoff this player might have, given by (5), yields

B

(
1 − (n − 2)c

(n − 1)B − c

)
− c

which is strictly positive in the limit as n → ∞ if and only if B > 2c.
11Lemma 4 in Appendix B.7 establishes that limB→∞ Pr(t, B, c; x) > 0 for any t < T .
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Corollary 2. There is a B̃(ω, c) ∈ R+ such that for any benefit B > B̃(ω, c), in the
limit as n → ∞, the protest’s equilibrium probability of success is bounded below by some
q̃(ω, c) > 0.

Corollary 2 rationalizes the existence of large-scale protest for any feasible ω. This
result reconciles the theory with the empirical evidence; rational people can participate
in a protest, even when the number of potential participants is large. Under my results,
Tullock’s Paradox of Revolutions is not an accurate prediction because people consider
more than the direct effect of participation over the probability of success when deciding
whether to participate in the protest. They also consider the indirect effect that participation
has on the likelihood with which others will join the protest in future opportunities.

5 Extension

The model analyzed so far assumes that there is common knowledge of when the protest
will end. This assumption limits the application of the results. In this section, I analyze
the more natural case in which everyone knows that the protest will end, but no one
knows at which time. In particular, I consider an alternative setup in which the end
arrives at a stochastic time.

The setup in this section is equivalent to the model described in Section 3, except that
the protest ends at the first arrival of a non-homogeneous Poisson process. The average
arrival rate of the end of the protest process is given by f : R+ → R+. That is, denoting
by t the current time and by t′ the time at which the last player joined, the arrival rate at
time t is given by f(t − t′). I assume that f is weakly increasing and limτ→∞ f(τ) = ∞.
Hence, it is more likely for the protest to end as more time has passed since the last player
joined, and the protest ends with a probability close to one for large τ . Denote by T the
time at which the protest ends. The protest succeeds if AT ≥ ω, and fails otherwise.

The expectation about the protest’s end only depends on how much time has passed
since the last player joined. Hence, a player with an opportunity might want to join
the protest with different probabilities at a given simplified private history, depending
on how much time has passed since the last player joined. For example, at simplified
private history ĥt

i ∈ Ĥt
i, it might be optimal not to join only if it has not been long

since the last player joined. Hence, I define an extended simplified private history, h̆t
i =

(t, τ, At, ait, opp), to be an extended version of a simplified private history that includes
how much time has passed since the last player joined (denoted τ).12 Let H̆t

i be the set
of all extended simplified private histories at time t in which player i has an opportunity

12I assume τ = t if no player has joined.
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at time t.
Given a strategy profile σ, the protest’s outcome and each player’s participation are

random variables, both depending on the realization of opportunities and the arrival of
the end of the protest. Let πh̆t

i(σ) be the probability distribution over (AT , aiT ) induced by
σ following extended simplified private history h̆t

i.13 The following definition establishes
what a Symmetric Markovian Equilibrium for the extended game is.

Definition 3. An strategy σ∗
j is a Symmetric Markovian Equilibrium if and only if

i. σ∗
j satisfies the relaxed Markov Condition:

The strategy σ∗
j is such that for every t ∈ [0, T ] and for any two extended simplified

private histories h̆t
i,

˜̆
ht

i ∈ H̄t
i in which τ = τ̃ and At = Ãt, σ∗

j

(
h̆t

i

)
= σ∗

j

(˜̆
ht

i

)
.

ii. For each i ∈ N , t ∈ [0, T ], h̆t
i ∈ H̆t

i, δ ∈ [0, 1],

E
π

h̆t
i(σ∗)

[
1{AT ≥ω}B − aiT c

]
≥ E

π
h̆t

i

(
σ∗|δ

ĥt
i

)[1{AT ≥ω}B − aiT c
]

.

Henceforth, I refer to the Symmetric Markovian Equilibrium of the extended game as
the equilibrium.

5.1 Equilibrium

6 Conclusion

This paper argues that modeling protests as a sequential and stochastic game provide
a solution to Tullock’s paradox of revolutions. In the model, a protest occurs during a
continuous time interval; players receive randomly drawn opportunities to participate in
the protest, and in each of those opportunities, players observe the number of current
participants. If the protest succeeds, everyone gets a benefit, while only participants bear
the cost. In particular, there are no selective benefits for participants. I show that there
is an equilibrium in which the protest succeeds with a strictly positive probability for
any number of potential participants. Moreover, in this equilibrium, in the limit as the
number of potential participants converges to infinity, the protests’ probability of success
is strictly positive. The fundamental assumption for this result is that the protest has a
commonly known deadline. Thus, as opportunities begin to arrive, a player will decide to
participate in the protest only if the remaining time is large enough for opposing players
to complete the protest but not too large to prefer to free-ride.

13I provide details on how to calculate πh̆t
i (σ) on Appendix A.4.
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The paper contributes to the literature on protest by rationalizing agents’ empirically
observable behavior, where the existence of large-scale protests indicates that the classical
models are not an accurate representation of protests formation.

A Probability distributions

A.1 Beliefs

The realization of opportunities is independent of the profile of strategies and only
determined by nature. Let R−i(t) := Nn−1

0 be the set of all possible realization of number
of opportunities up to time t for players other than i. Denote by g(r−i) the probability
of a particular realization of r−i ∈ R−i(t). This is,

g(r−i) =
∏
j∈N
j ̸=i

(λt)rj e−λt

rj!
.

Conditional on r−i ∈ R−i(t), the arrival time of each opportunity distributes uniformly
over [0, t]. Hence, conditional on a realization of r−i ∈ R−i(t), in which each player
j ∈ N \ {i} had rj ∈ N0 arrivals, the joint density function of the arrival times is

v(t1,1, ..., t1,r1 , ..., tn,1, ..., t1,rn | r−i) = 1
tr̄−i

.

Where tj,m is the time of the mth arrival of player j ∈ N \ {i}, t denotes how much time
has pass since the start of the protests, and r̄−i = ∑n

j=1
j ̸=i

rj.

Denote by
(
(tj,m)rj

m=1

)
j∈N\{i}

a particular realization of the arrival times of the opportunities
in r−i ∈ R−i(t). Then, the unconditional density is

v
((

(tj,m)rj

m=1

)
j∈N\{i}

)
= g(r−i)

tr̄−i

Finally, i’s beliefs about complete history ht in information set Ii(ht
i) are given by the

density function

µ
(
t, bt, (ti

m)ri
m=1

)(
t, bt,

(
(ti

m)ri
m=1

)
i∈N

)
=

0 if ∃j ∈ N s.t. bj /∈
{
(tj,m)rj

m=1, ⊘
}

g(r−i−a−i,t)
tr̄−i−ā−i,t

otherwise.

Where a−i,t is the vector that indicates for every player other than i whether they are
participating in the protest at time t, and ā−i,t = ∑n

j=1
j ̸=i

ajt. The belief accounts for player
i, learning that player j had an opportunity at time t̃ after player j joined the protest at
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that time. Thus, µ(ht
i)(ht) = 0 if a player joined the protest at time bj but did not have

and opportunity at that time. Otherwise, the beliefs are given by the joint distribution
of (unknown) opportunities of opposing players.

A.2 Probability distribution over aT

Consider a profile of strategies σ and suppose that the game is currently in the complete
history ht. In all continuation histories, the realization of opportunities is independent of
the profile of strategies and the realization of previous opportunities. Let opp(ht) be the
set of all possible realization of lists of continuation opportunities following ht and
up to time T, and let v be the density function over opp(ht). This is, for a particular
realization of continuation opportunities, list =

(
(tj,m)rj

m=1

)
j∈N\{i}

∈ opp(ht), its density
is

v
((

(tj,m)rj

m=1

)
j∈N\{i}

)
= g(r)

(T − t)r̄
.

The vector that indicates the time at which each player joined the protest, bT , has
to be consistent with the complete history ht. Additionally, conditional on a realization
of lists ∈ opp(ht), the vector bT can only indicate that a player joined after t at a time
of one of her continuation opportunities. Then, at time t, the probability of observing a
particular realization of a feasible bT is

prob
(
bT | lists, σ, ht

)
=

n∏
j=1

rj∏
m=1

σj

(
htj

m
j

)1{t
j
m=bT (j)}

(
1 − σj

(
htj

m
j

))(1−1{t
j
m=bT (j)}

)
1−1{ti

m>bT (j)}

Where 1{tj
m=bT (j)} and 1{tj

m>bT (j)} equal 1 if the statement {·} is true, rj is the number

of continuation opportunities for player j ∈ N , htj
m

j is the private history of player j

at the time of the m’th opportunity,14 and bT (j) is the time at which player j joins the
protest. The opportunities player j had after she joined the protest do not have an effect
on this probability. On the other hand, prob(bT | lists, σ, ht) = 0 if bT is not consistent
with ht or if there is a j ∈ N such that bT (j) > t and bT (j) /∈ (tj

m)rj

m=1.
Denoting by Pr(aT | lists, σ, ht) the probability of the realization of a particular vector

of participation at time T , aT , conditional on the realization of a lists ∈ opp(ht),

Pr
(
aT | lists, σ, ht

)
=

∑
bT ∈BT (aT ,lists)

prob
(
bT | lists, σ, ht

)
.

14This is the unique private history at that time which is consistent with bT and the list of continuation
opportunities up to time T of player j.
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Where BT (aT , lists) is the set of all the feasible vectors, that indicates the time at which
each player joined, that are consistent with aT and the list of opportunities.

Finally, given the profile of strategies σ, the probability distribution over aT at
complete history ht is

πht(σ)(aT ) =
∫

opp(ht)
Pr
(
aT | lists, σ, ht

)
v(lists)d lists

A.3 Probability distribution over (AT , aiT )

Given a strategy profile σ, the probability of a particular realization of the outcome of
the game

(
ÃT , ãiT

)
following simplified private history ĥt

i is

πĥt
i(σ)

(
ÃT , ãiT

)
=

∑
aT ∈M

πht(σ)(aT )

Where ht is any element of Ii

(
ĥt

i

)
and M =

{
aT ∈ {1, 0}n | ∑j∈N aiT = ÃT and aiT = ãiT

}
.

A.4 Probability distribution over (AT , aiT ) in the extended game

Given a strategy profile σ, the probability of a particular realization of the outcome of
the game

(
ÃT , ãiT

)
following extended simplified private history h̆t

i is

πh̆t
i(σ)

(
ÃT , ãiT

)
=
∫ ∞

t

∑
aT ∈M

πht

T̃ (σ)(aT ) pdf
(
T̃ | τ

)
dT̃

Where ht is any element of Ii

(
h̆t

i

)
, πht

T̃
(σ) is the probability distribution over aT

conditional on the protest ending at time T̃ (as in A.2), M defined as in A.3, and pdf(· | τ)
is the density of the end of the protest process, conditional on how much time has passed
since the last player joined in h̆t

i.
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B Proofs

B.1 Proposition 1

Proof. Given a symmetric strategy q ∈ [0, 1], the probability of being the pivotal protester
is

Pr(A−i = ω − 1 | n, q) =
(

n − 1
ω − 1

)
qω−1 (1 − q)n−ω .

I show that maxq Pr(A−i = ω − 1 | n, q) converges to zero as n → ∞, hence condition (1)
can not hold for large n.

I follow Palfrey and Rosenthal (1985) by constructing a sequence
{
Q̄n

}∞

n=ω+1
such

that

Q̄n ≥ max
q

Pr(A−i = ω − 1 | n, q) ∀n ∈ {ω + 1, ω + 2, ...} .

I then establish that limn→∞ Q̄n = 0. It follows that limn→∞ max
q

Pr(A−i = ω − 1 | n, q) =
0.

Define Qn(q) = max
w<n

(
n−1
w−1

)
qw−1 (1 − q)n−w. In the special case of q ∈ {0, 1}, Qn(0) =

Qn(1) = 0. On the other hand, for any q ∈ (0, 1), Qn(q) ̸= 0 and the argument that
solves the maximization problem is w∗

n = ⌈nq⌉; where ⌈·⌉ is the ceiling function.15

I now show that Qn(q) ≥ Qn+1(q) for all q ∈ (0, 1). Notice that either w∗
n+1 = w∗

n or
w∗

n+1 = w∗
n + 1. In the former case,

Qn(q)
Qn+1(q) =

(
n−1

w∗
n−1

)
qw∗

n−1 (1 − q)n−w∗
n(

n
w∗

n−1

)
qw∗

n−1 (1 − q)n+1−w∗
n

= n − (w∗
n − 1)

n − nq
≥ 1.

The inequality because w∗
n − 1 ≤ nq. In the latter case,

Qn(q)
Qn+1(q) =

(
n−1

w∗
n−1

)
qw∗

n−1 (1 − q)n−w∗
n(

n
w∗

n

)
qw∗

n (1 − q)n−w∗
n

= w∗
n

nq
≥ 1.

The inequality because w∗
n ≥ nq.

The argument excludes the cases q = 0 and q = 1, but is straight forward to see that
Qn(0) = Qn+1(0) and Qn(1) = Qn+1(1).

Hence, Qn is monotone decreasing sequence of continuous functions. Moreover, Qn

converges pointwise to zero on [0, 1]. Therefore, by Dini’s theorem,16 Qn converges
15See Feller (1967) p. 171.
16See theorem 2.66 in Aliprantis and Border (2006).
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to zero uniformly on [0, 1]. Then, Q̄n = max
q∈[0,1]

Qn(q) converges to zero. Therefore,
limn→∞ Pr(A−i = ω − 1 | n, q) = 0.

B.2 Proposition 2

Proof. For sufficiency, suppose σ∗
i does not have any profitable one-shot deviations to a

strategy that satisfies the Markov Condition, but is not a part of a symmetric PBE. Thus,
there is a player that has a profitable one-shot deviation to an strategy that does not
satisfies the Markov Condition. This is, there is player i ∈ N , a strategy σi and private
histories ht

i, h̃t
i ∈ H̄t

i such that At = Ãt, σ∗
i (ht

i) = σ∗
i

(
h̃t

i

)
= σi(ht

i) ̸= σi

(
h̃t

i

)
,17 and the

continuation payoff of following σi in private history h̃t
i is higher than the continuation

payoff of following σ∗
i , this is,

∫
Ii(h̃t

i)
µi

(
h̃t

i

)(
ht
)
Eπht(σi,σ∗

−i)
[
1{AT ≥ω}B − aiT c

]
dht >

∫
Ii(h̃t

i)
µi

(
h̃t

i

)(
ht
)
Eπht(σ∗)

[
1{AT ≥ω}B − aiT c

]
dht.

Now consider a third strategy for player i, σ′
i, that is identical to σi in every private

history with the exception that σ′
i(ht

i) = σi

(
h̃t

i

)
. Given that opposing player behaves the

same in different complete histories in which there is the same number of participants
(by the Markov Condition), the continuation payoff of player i for following strategy σ′

i

after private histories ht
i is the same as the continuation payoff for following strategy σi

after private histories h̃t
i. Continuing with this process for every private history at time

t in which there are Ãt players participating in the protest, the resulting strategy is a
profitable deviation of σ∗

i that satisfies the Markov Condition, which is a contradiction of
σ∗

i not having any profitable deviations to a strategy that satisfies the Markov Condition.
Necessity is straightforward.

B.3 Lemma 1

Proof. It is sufficient to check for all t ∈ [0, T ] and for each player that has not joined the
protest, that at simplified private history (t, 1, 0, ✓) there is no other action that delivers
a higher payoff, given that in all continuation private histories players behave according
to the strategy described in Lemma 1.

At time t, the payoff for joining is B − c and the payoff for not joining is given by (4).
It is a best response to join the protest with probability one after t∗ and with probability

17Since σi is a one-shot deviation of σ∗
i , in any other private history both strategies are equivalent.
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zero before t∗ if

B − c ≥
[
B − 1

n − 1c
] (

1 − e−(n−1)λ(T −t)
)

∀t ≥t∗

B − c ≤
[
B − 1

n − 1c
] (

1 − e−(n−1)λ(T −t∗)
)

∀t <t∗

Or equivalently, if

t ≥T −
log
(

(n−2)c
(n−1)B−c

)
−(n − 1)λ . ∀t ≥t∗

t∗ ≤T −
log
(

(n−2)c
(n−1)B−c

)
−(n − 1)λ ∀t <t∗

Therefore, for t∗ = T −
log
(

(n−2)c
(n−1)B−c

)
−(n − 1)λ the strategy proposed has no profitable one-shot

deviation.

B.4 Lemma 2

Proof. Optimality
It is sufficient to check for all t ∈ [0, T ] and for each player that has not joined the

protest, that at simplified private history (t, 0, 0, ✓) there is no other action that delivers
a higher continuation payoff. Recall that the continuation game unfolds according to
the strategy described in Lemmas 2 or 1, depending on the number of players that have
joined the protest.

At time t, the continuation payoff for not joining the protest is zero, and the continuation
payoff for joining is given by (7). It is a best response to join the protest with probability
zero at every t ∈ [0, T ] if

B
(
1 − e−(n−1)λ(T −min{t∗,t})

)
− c ≤0 ∀t ∈ [0, T ] ,

which hold with strict inequality for every t ∈ [0, T ] whenever (n−2)c
(n−1)B−c

> B−c
B

.
Uniqueness

By contradiction, suppose that there is an equilibrium strategy in which at least one
player joins the protest with strictly positive probability in at least one simplified private
history.

I show that there must be at least one player with a profitable one-shot deviation.
Let t̃ be the supremum time in which a player joins with strictly positive probability (if
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she has an opportunity at that time). Since no player joins after t̃, the payoff for joining
the protest at t̃ is strictly negative, while the payoff for not joining at that time is zero.
If there is a player that joins the protest in an opportunity at time t̃ (i.e., the supremum
equal to the maximum), then that player has a profitable one-shot deviation at t̃. If no
player joins the protest in an opportunity at time t̃ (i.e., there is not a maximum), there
is a player that joins at t̃ − τ for some infinitesimal small τ > 0. Since the probability
of having an opportunities in the time interval [t̃, t̃ + τ ] converges to zero as τ → 0, the
payoff for joining at t̃ + τ is arbitrarily close to the payoff of joining at t̃. Thus, there is
a player with a profitable one-shot deviation at t̃ + τ .

B.5 Lemma 3

Proof. It is sufficient to check for all t ∈ [0, T ] and for each player that has not joined the
protest, that at simplified private history (t, 0, 0, ✓) there is no other action that delivers
a higher continuation payoff. Recall that the continuation game unfolds according to
the strategy described in Lemmas 2 or 1, depending on the number of players that have
joined the protest.

For the strategy proposed to be a best response it must be that t ≥ t∗. If this were
not the case, the payoff for not joining at an opportunity at t ∈ [t, t∗] is zero, and the
payoff for joining at that opportunity is

B
(
1 − e−(n−1)λ(T −t∗)

)
− c,

which is strictly positive under the assumption (n−2)c
(n−1)B−c

< B−c
B

. Thus, players have a
one-shot deviation in an opportunity at any t ∈ [t, t∗].

Similarly, for the strategy proposed to be a best response it must be that t ≤ t∗. If
this not were the case, the payoff for not joining at t ∈ [t∗, t) is equivalent to the payoff
for not joining at t, while the payoff for joining at t is strictly higher than the payoff for
joining at t (there is more time for the second player). If it is optimal to join at t, then
there is a one-shot deviation at t; while if it is not optimal to join at t, there is a one-shot
deviation at t.

Now I characterize the thresholds t and t such that there is not a profitable one-shot
deviation in the strategy provided in Lemma 3.

Let t be the time at which the payoff for joining is zero ((7) = 0), this is

t = T −
log
(

B−c
B

)
−(n − 1)λ.18
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Thus, join the protest with probability zero after t is a best response.
To show that joining with probability one is a best response in any opportunity at

t ∈ [t∗, t ], I show that in the time window [t∗, t ) the payoff for joining decreases faster
than the payoff for not joining. Since at t the payoff for both pure actions is zero, the
difference in their decrease speed provides the desired result. Moreover, it shows that at
time t∗ the unique best response is to join the protest with probability one.

I want to show that, for all t ∈ [t∗, t ), the payoff for joining, (7), decrease faster than
the payoff for not joining, (8). The derivative of (7) respect t is given by (12), and the
derivative of (8) respect t is given by (13). Thus, I want to check that (12)<(13) for all
t ∈ [t∗, t ).

− B(n − 1)λe−(n−1)λ(T −t) (12)

−
(

B − 2
n

c
)

nλe−nλ(t−t) (1 − e−(n−1)λ(T −t)
)

+ c

n
nλe−nλ(t−t)e−(n−1)λ(T −t) (13)

Working trough the algebra, (12)<(13) is equivalent to

n − 1
n

> e−nλ(t−t) (e(n−1)λ(T −t) − 1
)

− c

nB
e−nλ(t−t) (2e(n−1)λ(T −t) − 1

)
. (14)

Notice that the r.h.s. is increasing in t
(
given that 1 ≥ 2c

nB

)
. Thus, to check that (14)

holds for all t ∈ [t∗, t ), it is sufficient to check that it holds at t. Replacing t in (14)
yields,

n − 1
n

>
(

1 − 2c

nB

)
c

B − c
− c

nB
(15)

which always hold if (n−2)c
(n−1)B−c

< B−c
B

.19

In conclusion, in the time interval [t∗, t] it is a best response to join the protest with
probability one, and at time t∗ the payoff for joining the protest is strictly higher than
the payoff for not joining.

For opportunities before t∗, the payoff for joining the protest is constant and given
by (7), while the payoff for not joining, (9), is decreasing in t. In particular, in the limit
as (T − t) → ∞, (9) converges to

(
B − 2

n
c
) (

1 − e−(n−1)λ(T −t∗)
)

− c
n
e−(n−1)λ(T −t∗) > (7).

Thus, by the Intermediate Value Theorem, (7) and (9) must intersect at some time in
(0, t∗). Define t as the time of the intersection. In consequence, it is a best response to
join the protest with probability one in any opportunity in the time window [t, t∗].

18As expected, t ≥ t∗ under the condition (n−2)c
(n−1)B−c < B−c

B .
19Consider c = xB, for some x ∈ (0, 1). Then, (15) can be expressed as x2 − x(2n − 2) + n − 1 > 0,

which is equivalent to the implicit quadratic inequality on (n−2)c
(n−1)B−c < B−c

B .
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For opportunities before t, the payoff for both pure actions is given by (7). Therefore,
it is a best response to not join the protest with probability one.

B.6 Corollary 1

Proof. In the limit as n → ∞, the condition for having an equilibrium in which the first
player joins the protest with positive probability becomes c

B
<

B − c

B
. Thus, the first

player joins the protest with positive probability if and only if B > 2c.
The protest’s probability of success is bounded below by the probability of the first

player joining the protest only in the time interval [t∗, t ] and the second player joining
the protest only in the time interval [ t, T ]. This is, the protest’s probability of success is
bounded below by

(
1 − e−nλ(t−t∗)

) (
1 − e−(n−1)λ(T −t)

)
.

Finally,

lim
n→∞

(
1 − e−nλ(t−t∗)

)
=B − 2c

B − c
lim

n→∞

(
1 − e−(n−1)λ(T −t)

)
= c

B
.

B.7 Proposition 4

Proof. I show that, in the game with n players and threshold ω, there is an equilibrium
in which there is a positive probability of ω players joining the protest. In particular, I
use induction to show that in game-(x) there is an interval,

[
ť, t̂
]
, such that if the first

player to join game-(x) does it only at the first opportunity during this interval, then
there is not a profitable one-shot deviations; for any x ∈ {0, ..., ω − 2}.

Proposition 3 establishes that there is not a profitable one-shot deviation in game-(ω−
2) if the first player to join the protest does it during the time window [t, t ]. Suppose,
by the induction step, that there is not a profitable one-shot deviation in game-(x + 1) if
the first player to join the protest does it in a time window

[
t′, t

′].
Since the first player to join game-(x + 1) only joins in the time interval

[
t′, t

′],
Pr(t, B, c; x + 1) is weekly decreasing. Further, Pr(t, B, c; x + 1) is continuous, Pr(t, B, c; x + 1) =
Pr(t′, B, c; x + 1) for all t ∈ [0, t′], Pr(t, B, c; x + 1) is strictly decreasing for all t ∈

[
t′, t

′)
and Pr(t, B, c; x + 1) = 0 for all t ∈

[
t
′
, T
]
.

Consider game-(x). If a player joins the protest, then the remaining players face
game-(x+1). Thus, if the first player joins game-(x) at time t, her expected continuation
payoff is B Pr(t, B, c; x + 1)−c. Suppose that B Pr(t′, B, c; x + 1) > c;20 by the Intermediate
Value Theorem, there must be a time, t̂ ∈

(
t′, t

′), such that B Pr
(
t̂, B, c; x + 1

)
− c = 0.

20As a consequence of Lemma 4 (below), this condition holds for large B.
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Hence, joining the protest with probability zero is a best response for all t > t̂, while at
t̂ it is a best response to join with probability one. In what follows, I show that for any
t ∈

[
t′, t̂

)
it is a best response to join with probability one.

Analogously to the proof of Lemma 3, I show that in the time interval
[
t′, t̂

)
, the

payoff for joining the protest (given by (16)) decreases faster than the payoff for not
joining the protest (given by (17)). Since at t̂ the payoff for both pure actions are zero,
the difference in decreasing rates is enough to show that it is a best response to join the
protest with probability one at any t ∈

[
t′, t̂

)
.

B Pr(t, B, c; x + 1) − c

(16)∫ t̂−t

0

[(
B − ω−x

n−x
c
)

Pr(t + v, B, c; x + 1) − (1 − Pr(t + v, B, c; x + 1))E[c]
]

(n − x)λe−(n−x)λvdv

(17)

Expression (17) is calculated assuming that the next player with an arrival in the time
interval

(
t, t̂
]

joins the protest, and E[c] represents the expected cost that player i has to
bear if less than ω − x players join game-(x). The derivative of (16) respect t is given by
(18), and the derivative of (17) respect t is given by (19).

B
∂ Pr(t, B, c; x + 1)

∂t

(18)

−
[(

B − ω − x

n − x
c
)

Pr
(
t̂, B, c; x + 1

)
−
(
1 − Pr

(
t̂, B, c; x + 1

))
E[c]

]
(n − x)λe−(n−x)λ(t̂−t)

+
∫ t̂−t

0

[(
B− ω−x

n−x
c+ E[c]

)
∂Pr(t+v,B,c;x+1)

∂t

]
(n − x)λe−(n−x)λvdv

(19)

I want to check that (18)<(19) for all t ∈
[
t′, t̂

)
. For simplicity, I construct an upper

bound for (18) by only considering how the first player to join game-(x + 1) reacts to the
increase in time, and ignoring any affects over other players. This is, I only consider the
decrease in the probability with which the first player joins produced by the increase in
the time. Specifically, ∂ Pr(t, B, c; x + 1)

∂t
< −(n − (x + 1))λe−(n−(x+1))λ(t

′−t).
Analogously to the proof of Lemma 3, it can be shown that if at time t = t̂ the payoff

for joining decreases faster than the payoff for not joining, then the payoff for joining
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the protest also decreases faster for each t ∈
[
t′, t̂

)
. Hence, it is enough to show that

(20)>(21).21

B(n − (x + 1))λe−(n−(x+1))λ(t
′−t̂) (20)(

B − ω − x

n − x
c
)

Pr
(
t̂, B, c; x + 1

)
(n − x)λ (21)

According to Lemma 4 below, limB→∞ Pr(t, B, c; x) > 0. Hence, limB→∞ t̂ = t
′.22,23

Therefore, for large B, given that Pr
(
t
′
, B, c; x + 1

)
= 0, the inequality (20)>(21) holds.

Finally, for large B and for any t ∈
[
t′, t̂

)
, the payoff for joining the protest decreases

faster than the payoff for not joining the protest. Moreover, since at t̂ the payoff for both
actions is the same, the unique best response of player i, at any opportunity in t ∈

[
t′, t̂

)
,

is to join the protest.
Now I show that there is a time ť < t′ such that it is a best response to join the

protest at any t ∈
[
ť, t′

)
, and not to join at any t < ť. Suppose that all player join the

protest with probability one in any opportunity before t′, then the payoff for not joining
at t ∈ [0, t′) is strictly decreasing in t. Recall that by construction, at time t′ the payoff
for joining the protest is strictly higher than the payoff for not joining, and before t′ the
payoff for joining is constant and equivalent to B Pr(t′, B, c; x + 1) − c. Thus, by defining
ť as the time at which the payoff for both pure strategies intersect, it is a best response
to join the protest with probability one in any arrival during

[
ť, t′

)
. Notice that, by the

Intermediate Value Theorem, the threshold ť exist.24 For opportunities before ť, both
pure strategies deliver the same payoff. Hence, it is a best response to join the protest
with probability zero.

Lemma 4. Let
[
ť, t̂
]

by the equilibrium time interval during which the first player joins
game-(x). Then, for every x ∈ {0, ..., ω − 2},

lim
B→∞

t̂ =T lim
B→∞

t̂ >κ lim
B→∞

Pr(t, B, c; x) >0

for some constant κ and t < T .
21Where (21) is a lower bound for (19) at t̂.
22Recall that t̂ satisfies B Pr

(
t̂, B, c; x + 1

)
− c = 0.

23To be precise, limB→∞ t̂ = limB→∞ t
′ = T .

24As (T − t) → ∞ the payoff for not joining at t converges to(
P − k + 1

n
c

)
Pr(t′, P, c; x + 1) − (1 − Pr(t′, P, c; x + 1))E[cost] .
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Proof. Pr(t, B, c; x) is the equilibrium probability with which the protest succeeds when
no player has joined game-(x) up to time t, where players follow the strategy described
in the proof of Proposition 4.

Recall that in game-(ω − 1) the first player to join the protest does it at the first

opportunity after t∗(B) = T −
log
(

(n−2)c
(n−1)B−c

)
−(n − 1)λ . Notice that t∗(B) is decreasing in B.

By iteration, I show that in the limit as B → ∞, the time interval during which the
first player joins game-(x) is a super set of

[
T − t∗

(
B̃
)

, T
]
; fore some fixed B̃. It follows

that if the first player to join game-(x+k), for every k ∈ {0, ..., ω − x − 2}, dost it atleast
during the interval

[
max

{
T − t∗

(
B̃
)

, t
}

, T
]
, then Pr(t, B, c; x) > 0.

Fix B̃, by Proposition 3 there is an equilibrium in game-(ω −2), where the first player
joins during a time window [t(B) , t(B)]. By construction of the equilibrium strategy,
t(B) = T − log(B−c

B )
−(n−1)λ and t(B) ≤ t∗(B). Thus, in the limit as B → ∞, the time interval

during which the first player joins game-(ω − 2) is a super set of
[
T − t∗

(
B̃
)

, T
]
.

Suppose by the induction step that, in the limit as B → ∞, in game-(x + 1) the time
interval during which the first player joins,

[
t′(B) , t

′(B)
]
, is a super set of

[
T − t∗

(
B̃
)

, T
]
.

According to the strategy described in the proof of Proposition 4, the first player to
join game-(x) does it during the time window

[
ť(B) , t̂(B)

]
. t̂(B) is defined as the time

at which the continuation payoff for being the first player on joining is zero. If B is
higher, a lower probability of success is needed to compensate for the cost of joining.
Therefore, limB→∞ t̂(B) = T . Finally, by construction ť(B) ≥ t′(B). Hence, in the limit
as B → ∞, the time interval during which the first player joins game-(x) is a super set
of
[
T − t∗

(
B̃
)

, T
]
.

B.8 Corollary 2

Proof. I show by induction that, as n → ∞, in the equilibrium characterized in Proposition
4, the protest’s probability of success is bounded below by some q > 0. Recall that, as we
show in proof B.7, in this equilibrium the mth player to join, does it in the time interval[
tm, t̄m

]
. Further, tm < tm+1 and tm ∈ (tm+1, tm+1).

In game-(ω − 2), Corollary 1 establishes that, as n → ∞ the protest’s probability of
success is bound below by qω−2 > 0. By the induction step, suppose that in game-(x + 1)
as n → ∞, the protest’s probability of success is bound below by qx+1 > 0. I want to
show that, in game-(x) as n → ∞ the protest’s probability of success is bound below by
q > 0.

After the 1st player joins in game-(x), the remaining player face game-(x + 1). Thus,
the 2nd player to join in game-(x) is equivalent to the 1st player to join in game-(x+1). By
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the induction step, as n → ∞, the 1st player to join in game-(x + 1) does it with positive
probability. This is, if we denote by [t2(B, n) , t2(B, n)] the time interval at which the 2nd

player joins in game-(x), where B denotes de benefit in case of a successful protest and
n the number of players, we have

lim
n→∞

(
1 − e−λ(n−1)(t̄2(B,n)−t2(B,n))

)
> 0.

Similarly, if we denote by
[
t1(B, n) , t̄1(B, n)

]
the time interval at which the 1st player

joins in game-(x), then the first player joins with probability(
1 − e−λn(t̄1(B,n)−t1(B,n))

)
.

Since for each n we have t1(B, n) < t2(B, n) < t1(B, n) < t2(B, n), the probability with
which the 1st player joins game-(x) is strictly positive:(

1 − e−λn(t1(B,n)−t1(B,n))
)

>
(

1 − e−λn(t1(B,n)−t2(B,n))
)

> 0 ∀n.

In the limit as n → ∞, the 1st player joins game-(x) with positive probability if

lim
n→∞

[t1(B, n) − t2(B, n)] > 0.

Given that limB→∞ (t1(B, n) − t2(B, n)) = 0 and limB→∞ t2(B, n) − t2(B, n) < 0,25

there is a B̃ such that for any B > B̃ we have limn→∞ [t1(B, n) − t2(B, n)] > 0. Finally,
for any B > B̃ the first player joins the protest with positive probability, hence the
protest probability of success is bounded below by some q > 0.
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