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Extended Abstract

Casual observation suggests that social media can have an important impact on

political activism: Increased connectedness via social media means that even dis-

persed groups see more similar information, allowing them to get united and mobi-

lized towards a shared goal. This paper presents a natural model of a protest game,

in which different groups of agents must strategically decide whether to engage in

a mass protest against a regime. There is incomplete information about the desir-

ability of the regime change. Protesting is costly for any individual protestor, but

a minimum number of protestors is required to make a protest successful. Thus,

contrary to most of the existing literature, our model allows us to view protests

as games with both strategic substitutability and strategic complementarity. Fur-

ther, there is uncertainty about the population size. In such a setting, we examine

the role of increased interdependence of information on the size of mass protests.

We propose a natural order of interdependence of information structures and use

it to characterize when increased interdependence increases or reduces the size of

mass protests.

Formally, we consider a model with a binary state of the world θ ∈ {0, 1},
with protest being desirable in one state (θ = 1) and not in the other. Society

comprises a finite number of groups NG ≥ 2, who all have the same preferences but

do not have access to the same information. Each group receives a signal y about

the state, drawn from a distribution with finite support. Each individual must

decide whether or not to engage in costly protest after observing only the signal

of her own group. Protesting entails a cost c > 0, and a successful protest yields

a benefit θ in state θ. A minimum number of protesters n̄ is required for a mass

protest to be successful. Individuals do not know the size of their own or other
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groups: In particular, group sizes are independent Poisson random variables with

mean N . Notice that there is strategic uncertainty (uncertainty about whether

agents from other groups will turn up to protest) that stems from two sources:

First, individuals do not know what information individuals in other groups have,

and second, they don’t know the sizes of the groups.

Increasing interdependence or similarity of information across groups can po-

tentially mitigate some strategic uncertainty because the private signal of a group

now has additional information about the other groups’ signals, and thus their

likelihood of turning up to protest. We show, in fact, that increasing interdepen-

dence can have two opposing effects. On the one hand, it can help coordination by

encouraging individuals to protest because their belief, conditional on their own

signal, points towards other groups protesting as well. On the other hand, it can

exacerbate the incentive to free-ride: A high likelihood of many agents protesting

reduces the probability that any individual is pivotal, dampening the individual

incentive to engage in costly protest.

We propose a natural order of interdependence of information structures, that

we call “Concentration Along Diagonal (CAD) order,” and use it to provide a

simple characterization, in terms of the primitives, of when increased interdepen-

dence increases or reduces the size of mass protests. In particular, we show that

increasing interdependence in the CAD order is unambiguously good (bad) when

the resilience of the regime (measured by the number of protesters required for

successful protest) is high (low) enough. We also characterize how interdepen-

dence affects not just the size of the protests but also the probability of successful

protests. Somewhat counterintuitively, it turns out that increased interdepen-

dence of information can increase the size of mass protest, while at the same time

reducing the probability of a successful protest.

The paper also makes a methodological contribution by proposing the CAD

order for comparing the interdependence of information structures. Intuitively,

it captures the idea of realized signals being higher together or lower together.

Importantly, in contrast to other standard notions of interdependence of distri-

butions, CAD provides a way to compare conditional distributions that can be

useful in many other game theoretic settings.
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Protests as strategic games
Protests as games of strategic complementarities.

I Participants receive a higher payoff after a successful protest.

I A
“..strategic complementarity that characterizes mass protests...:
since most citizens prefer to participate only if they expect others
to do so as well..”

Gehlbach, Sonin and Svolik (2016).

Protests as games of strategic substitutes.

I Collective action problem: Free-ride on others’ participation.

I Hong Kong antiauthoritarian protest experiment: Evidence of
strategic substitutability in protests. Cantoni et al (2019).

I Learning about others’ protest turnout affects protest decisions.

Today: A game of protests with both features.
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The world is more “interconnected” today
Question: Does a more “connected” society help or harm protests?

I More “interdependence” between agents’ information.

Two distinct forces:
I Protests involve strategic uncertainty

I Uncertainty about how many others will show up.

I A certain amount of complementarity.

I Information about others’ likelihood of showing up can help
coordination.

I But, this can also exacerbate a free-rider problem.

I If the protest is likely to be well-attended, I do not need to go!

Today: Interdependence on coordination vs free-riding.
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What we will see

In a protest game with both coordination and free-riding, we explore

1. How to think of more interdependence?

I A new order of interdependence.

2. Does more interdependence “help” or “harm?”

I Short answer: It depends.
I Expected protest size can go down.

3. What type of causes benefit from interdependence?

I Protests against more resilient regimes benefit from higher
interdependence.
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Literature
I Protests as games of strategic

I substitutes: Tullock (1971), Palfrey and Rosenthal (1984)

I complements: Bueno de Mesquita (2010), Edmond (2013), Barbera
and Jackson (2018)...

Today: A model of protests with both features.

I Effect of information in coordination games.

I Morris and Shin (2002), Edmond (2013), Awaya and Krishna (2022)

Today: Interdependence, and in not a pure coordination game .

I Stochastic orders
I Meyer (1990), Meyer and Strulovici (2012).

I Experiments on protests and turnouts
I Cantoni et al (2019), Hager et al (2022)



Model
I NG groups, group size a Poisson random variable with mean N.

I NG = 2 most of the time today.

I Binary state of the world, θ ∈ {0, 1}.

I Group i receives a signal Yi ∈ Y about the state θ.

I Signals drawn according to CDF Fθ(·) : YNG → [0, 1].

Timeline:
I Agents observe their signals.

I Agents decide whether to protest, (ai = 1), or not, (ai = 0).

Payoffs:

#protesters ≥ n̄ + 1 #protesters ≤ n̄
a = 1 θ − c −c
a = 0

θ 0
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Some features to keep in mind

I Group sizes are random and independent.

I Agents within a group observe the same signal.

I Agents do not know the size of their group.

I Protest is good in θ = 1. Most analysis will condition on θ = 1.
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Information

Some assumptions on the information structure.

I Finite support, Y = {y1, y2, . . . , ym}.

I µ(y) := P(θ = 1|Yi = y) ↑ in y.
I Higher signals→ higher posterior.

I Fθ is symmetric for all θ.



Some abuse of notation

Distributions that turn out to be important are:

I Fθ(y1, y2, . . . , yNG): CDF of the vector of signals
Y = (Y1,Y2, . . . ,YNG) in state θ.

I Fθ(y): Marginal CDF of group i′s signal in state θ.

I Assumed symmetry. Not indexed by i.

I Fθ
y(S): Conditional belief of Group −i’s signal in set S given that

group i′s signal is y and state is θ.



Strategies & Equilibrium
1. Symmetric strategies.

I Agents with the same signal behave similarly.

I No complicated strategies using agents’ identities.

2. Pure strategy.

Equilibrium: A strategy profile so that

1. Protesters want to protest.

2. Not-protesters want to stay out.

Goals:
1. To characterize the equilibria.

2. Comparative statics in interdependence of information.



Strategies
For an agent with a signal y ∈ Y, strategy

a : Y→ {0, 1}

specifies whether to protest or not.

Let N1,N2 be the realizations of the sizes of the two groups.

Fix a strategy a. Define

A := N11a(Y1)=1 + N21a(Y2)=1.

Aggregate turnout, A, is a random variable.

Suppose agent i is in group 1. Then,

A−i := (N1 − 1)1a(Y1)=1 + N21a(Y2)=1

is the aggregate turnout excluding agent i.



Analysis:

Since it is costly to protest, an agent would protest only if he’s pivotal.

a(y) =


1 if µ(y)× (Pivotal Probability when θ = 1|y) > c
[0, 1] if µ(y)× (Pivotal Probability when θ = 1|y) = c
0 if µ(y)× (Pivotal Probability when θ = 1|y) < c

An agent is pivotal whenever n̄ people show up.

An agent’s probability of being pivotal depends on the turnout.



Analysis:

Since it is costly to protest, an agent would protest only if he’s pivotal.

a(y) =


1 if µ(y)× P(A−i = n̄|θ = 1, y) > c
[0, 1] if µ(y)× P(A−i = n̄|θ = 1, y) = c
0 if µ(y)× P(A−i = n̄|θ = 1, y) < c

An agent is pivotal if A−i = n̄.

Need to understand the distribution of A−i conditional on θ = 1, y.

Remark: The (un)conditional distribution of A−i is NOT Poisson.



Distribution of A−i

Fix a strategy a : Y→ {0, 1}.

It partitions Y into two sets: Protesters, (P), and Not Protesters, (NP).

Lemma: For any y ∈ P, we have,

P (A−i(P) = k|θ = 1,Yi = y) =F1
y(P)g(k, 2N) + (1− F1

y(P))g(k,N)

where g(k, λ) is the Poisson pdf with mean λ at k.

And, for any y ∈ NP, we have,

P (A−i(P) = k|θ = 1,Yi = y) = F1
y(P)g(k,N)



Distribution of A−i

Poisson has the “environmental equivalence” property.

I A player in the game and the analyst have the same probability
distribution over the type profiles.

If we view a type profile as

(# of people with a signal yi)

then, there is no environmental equivalence.

Instead, view a type profile as

(# agents with a signal in P, # agents with a signal in NP).

With probability F1
y(P), the other group also has a signal in P.



Distribution of A−i

For any y ∈ P, we have,

P (A−i(P) = n̄|θ = 1,Yi = y) =F1
y(P)g(n̄, 2N) + (1− F1

y(P))g(n̄,N)

A convex combination of two Poisson distributions.



Equilibrium
A strategy â is an equilibrium if,

1. For all y ∈ P,

F1
y(P)g(n̄, 2N) + (1− F1

y(P))g(n̄,N) ≥ c
µ(y)

2. And, for all y ∈ NP,

F1
y(P)g(n̄,N) ≤ c

µ(y)

We will focus on the maximal equilibria, a∗, given F.

I Equilibria with the highest expected protest turnout.

Obvious Result: Such equilibria exist.



A quick look at Poisson pdf at n̄ with mean x

N 2N
g(n̄,N) > g(n̄, 2N)

x

exp(−x)xn̄

(n̄)!

N 2N
g(n̄,N) < g(n̄, 2N)

x

exp(−x)xn̄

n̄!

Plot of the Pivotal Probability
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Why do these cases matter?
Protesting incentives:

F1
y(P)g(n̄, 2N) + (1− F1

y(P))g(n̄,N) ≥ c
µ(y)
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What is F1
y(P)?

Fix an agent i from group 1.

Then, F1
y(P) is the belief that

the other group’s signal is in P given θ = 1 and Yi = y.

Changing F1
y(P) affects the incentives of agents in P and NP.

For agents in NP, the IC is

F1
y(P)g(n̄,N) ≤ c

µ(y)

Interdependence: Changes in F1
y(P)



More Interdependence

How to think of more interdependence?

Correlation coefficient?

Other orders.

I Supermodular order

I Dispersion order

I Concordance order

Orders to capture that realizations are “high together or low together.”



Supermodular order
Elementary transformations

Y1

Y2

0 1 2 3 4
0

1

2

3

4

+α

−α +α

−α

+α

−α +α

−α

A two-dimensional signal distribution.



Supermodular order
Elementary transformations

Y1

Y2

0 1 2 3 4
0

1

2

3

4

+α

−α +α

−α

+α

−α +α

−α

More weight on the diagonal elements.

P(Y2 = 2|Y1 = 2) higher.



Supermodular order
Elementary transformations

Y1

Y2

0 1 2 3 4
0

1

2

3

4

+α

−α +α

−α

+α

−α +α

−α

Off-diagonal elementary transformations.

P(Y2 = 2|Y1 = 2) lower.



What is the “issue?”

Elementary transformations not related to conditional distributions.

In situations of strategic uncertainty, players ask

Conditional on my signal, what information others might have?

An order of interdependence that compares the conditional
distributions can be more appropriate for games.



Order of Interdependence

We propose a new order: “Concentration Along Diagonal (CAD) order.”

For any signal y, let I(y) be the set of subsets of Y containing y.

We say that F̂θ(·) �CAD Fθ(·), F̂ has “a higher concentration along the
diagonal” than F if,

1. F̂θ(y) = Fθ(y) for all y ∈ Y .
I Marginal distribution is unchanged.
I Total amount of information is the same.

2. For all y ∈ Y and I ∈ I(y),

F̂θ(I|y) ≥ Fθ(I|y)

Remark: For 2 groups, CAD is equivalent to an order proposed by
Meyer (1990).



CAD example

1 2 3
1 0.25 0.3 0.45
2 0.15 0.35 0.5
3 0.13 0.27 0.6

Probability Distribution F1(y1, y2)



CAD example

1 2 3
1 0.25 +α 0.3 −α

2 0.45 −α
2

2 0.15 −α
2 0.35 +α 0.5 −α

2
3 0.13 −α

2 0.27 −α
2 0.6 +α

Probability Distribution F1(y1, y2)

Diagonal has more mass: F̂1 �CAD F1.

Result: Agents think that others’ signals more likely to be like theirs.



CAD example

1 2 3
1 0.25 +α 0.3 −α

2 0.45 −α
2

2 0.15 −α
2 0.35 +α 0.5 −α

2
3 0.13 −α

2 0.27 −α
2 0.6 +α

Probability Distribution F̂1(y1, y2)

Diagonal has more mass: F̂1 �CAD F1.

Result: Agents think that others’ signals more likely to be like theirs.

Observation: CAD is NOT equivalent to the supermodular ordering.

Meyer (1990): It is a strengthening of the supermodular ordering.



CAD for more than 2 groups
Let Y1 = y. For any set I, define, QI :=

∑NG
j=2 1Yj∈I

Let Qθ(I, y,F) denote a r.v. with a distribution of QI given the state θ,
Y1 = y and the information structure F.

We say that F̂θ(·) �CAD Fθ(·), F̂ has “a higher concentration along the
diagonal” than F if,

1. F̂θ(y) = Fθ(y) for all y ∈ Y .
I Marginal distribution is unchanged.
I Total amount of information is the same.

2. For all y ∈ Y and I ∈ I(y),

Qθ(I, y, F̂) �FOSD Qθ(I, y,F)

Given that my signal is y, the distribution of the number of other
groups with my signal is FOSD higher for a more interdependent
signal.
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Interdependence and the size of protest
Given an equilibrium â, define

Π(â) :=E(A|θ = 1) = 2NF1(P)

V(F) := max
â

Π(â)

Remark: E[A|θ = 1] depends only on the marginal distribution for a

fixed equilibrium.

V(F) is the maximum expected equilibrium protest size.

Goal: To understand how V(·) changes with interdependence.

Split into two cases.

1. g(n̄, 2N) > g(n̄,N).

2. g(n̄, 2N) < g(n̄,N).
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Where we are headed

Analyze the two cases.

1. g(n̄, 2N) > g(n̄,N).

I More interdependence helps.

2. g(n̄, 2N) < g(n̄,N).

I More interdependence may harm.

Mechanics driven by how F1
y(·) moves for P and NP.
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g(n̄,N) < g(n̄, 2N).
Let a∗ be the protest-maximizing equilibrium in F.

And let P∗ and NP∗ be the associated protest and no-protest sets.

N 2N
g(n̄,N) < g(n̄, 2N)

x

exp(−x)xn̄

n̄!
c

µ(y)



g(n̄,N) < g(n̄, 2N)

If F̂1 �CAD F1, then

F̂1
y(P∗) ≥ F1

y(P∗) ∀y ∈ P∗, and

F̂1
y(P∗) ≤ F1

y(P∗) ∀y ∈ NP∗.

Protesting incentives:

F1
y(P∗)︸ ︷︷ ︸
↑

g(n̄, 2N) + (1− F1
y(P∗))︸ ︷︷ ︸
↓

g(n̄,N) ≥ c
µ(y)

In short,
I Protesters have a stronger incentive to protest under F̂.

I Not-protesters have a stronger incentive to not protest.
I Their IC is F1

y(P∗)︸ ︷︷ ︸
↓

g(n̄,N) ≤ c
µ(y) .

=⇒ a∗ is an equilibrium in F̂.

V(F̂) ≥ V(F).



Summary so far.

Proposition: When g(n̄, 2N) > g(n̄,N), increasing interdependence
leads to higher expected turnout.

Driving intuition: Complementarity between pivotality and
population size.

I Related to a simple condition on primitives.

What about the probability of a successful protest in θ = 1?

I More intricate.

I With more interdependence, events (P,P) and (NP,NP) occur
more often, and (P,NP), (NP,P) happen less often.

I The net effect is ambiguous.



g(n̄,N) > g(n̄, 2N)

Let a∗ be the protest-maximizing equilibrium in F.

And let P∗ and NP∗ be the associated protest and no-protest sets.

N 2N
g(n̄,N) > g(n̄, 2N)

x

exp(−x)xn̄

n̄!
c

µ(y)



g(n̄,N) > g(n̄, 2N)

If F̂1 �CAD F1, then

F̂1
y(P∗) ≥ F1

y(P∗) ∀y ∈ P∗, and

F̂1
y(P∗) ≤ F1

y(P∗) ∀y ∈ NP∗.

Protesting incentives:

F1
y(P∗)︸ ︷︷ ︸
↑

g(n̄, 2N) + (1− F1
y(P∗))︸ ︷︷ ︸
↓

g(n̄,N) ≥ c
µ(y)

In short,

I Protesters have a lower incentive to protest.

I Not-protesters have a stronger incentive to not protest.
I Their IC is F1

y(P∗)︸ ︷︷ ︸
↓

g(n̄,N) ≤ c
µ(y) .

=⇒ a∗ may not be an equilibrium in F̂.



Alternative equilibria?
But what if we have a new equilibrium with a larger protest set, P′?

There are two reasons why P′ may not have been an equilibrium in F.

I Some protesters in P′ didn’t have incentives to protest in F.

I Some supposed not-protesters wanted to protest if P′ were the
protest set in F.

Definition: An environment F exhibits “maximality due to
free-riding” if, for every P′ ≥ P∗ (i.e., F1(P) ≥ F1(P∗)), ∃y ∈ P′, such
that

F1
y(P′)g(n̄, 2N) + (1− F1

y(P′))g(n̄,N) <
c

µ(y)

When F1
y(P′) is low, the convex combination would be ≥ c

µ(y) .

Free-riding: ↓ incentive to protest when ↑weight on large turnout.
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How can increased interdependence harm?

Proposition: If g(n̄,N) > g(n̄, 2N) and F exhibits maximality due to

free-riding, then V(F) ≥ V(F̂) whenever F̂1 �CAD F1.

Proof: We saw that a∗ may not be an equilibrium in F̂.

What if a new, larger (in expected protest size) equilibrium surfaces?

Since the environment exhibits maximality due to free-riding, any
larger protest set must have at least one protester’s protesting
constraint violated in F.

With more interdependence, this constraint continues to be violated.

Therefore, expected protest size weakly lower.



On resilience of regimes

Whether interdependence helps or harms depends on

I g(n̄,N) > g(n̄, 2N), or

I g(n̄,N) < g(n̄, 2N).

Proposition: Fix N. There exists n∗ such that,

1. g(n̄,N) > g(n̄, 2N) if n̄ < n∗. And,

2. g(n̄,N) < g(n̄, 2N) if n̄ > n∗.

Takeaway: Protests against more resilient regimes benefit from
greater interdependence.



Intensive vs Extensive Margin

Instead of the E[A] as the measure, we can look at the probability of
success, P(A ≥ n̄ + 1|θ = 1).

Two effects:

1. Extensive margin: Smaller protest region means lower E[A].

2. Intensive margin: But, more interdependence means the protests
are more coordinated.

Conjecture: Extensive margin cost >> intensive margin benefits, at
least for local changes in interdependence.

I Slight increase in interdependence shrinks the equilibrium
protest region without much gain.

At least locally, P(A ≥ n̄ + 1|θ = 1) can ↓.



Benefits on the intensive margin?

Four events:
{(NP,NP), (P,NP), (NP,P), (P,P)}

(P,NP), (NP,P) ↓with CAD ↑.

(P,P), (NP,NP) ↑with CAD ↑.

Let G(n̄, λ) be the Poisson CDF at n̄ with mean λ.

With CAD ↑, we have,

1. Higher probability of Poisson with mean 0 corresponding to
(NP,NP), and mean 2N corresponding to (P,P).

2. Lower probability of Poisson with mean N corresponding to
(P,NP), (NP,P).



Benefits on the intensive margin?

Suppose that (P,P) and (NP,NP) events probabilities ↑ by ∆.

Then,

1. Benefit: ∆[G(n̄,N)− G(n̄, 2N)].

2. Cost: ∆[G(n̄,N)− G(n̄, 0)] = ∆G(n̄,N).

If G(n̄,N)− G(n̄, 2N) is small, then costs > benefits.

=⇒ Lower probability of success with CAD ↑ of large enough ∆.



Is the order too demanding?

CAD requires domination in some sense for all y ∈ Y, I 3 y.

Why not look at intervals I 3 y?

1 2 3 4 5 6 7

Set of signals



Is the order too demanding?

CAD requires domination in some sense for all y ∈ Y, I 3 y.

Why not look at intervals I 3 y?

1 2 3 4 5 6 7

What if P and NP looked like above?

Bottomline: Cutoff equilibria or even two-cutoff equilibria not very
natural.



Summary

We have seen

I A model of protests with coordination and free-riding.

I Increasing interdependence can have pernicious effects.

I A simple condition characterizing when it can help or harm.

I Harm situations driven by the underlying free-rider problem.

I A new order of interdependence potentially useful elsewhere.



Where do we go from here?

Probability of success when θ = 1.

Welfare comparisons including the costs of protesting.

Comparative statics

I The effect of changing c, the cost of protest.

I The effect of changing n̄ and c together.

I Captures protests against repressive regimes.

Large agent: move n̄,N,NG at various rates.



Thanks!

N 2N
g(n̄,N) > g(n̄, 2N)

x

N 2N
g(n̄,N) < g(n̄, 2N)

x


