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Context and Motivation

I In the digital age, people have access to vast amounts of information.

I This should lead to well-informed actions, but there is growing
concern about the spread of misinformation (e.g. fake news).

I “The internet has lowered the cost of entry to new competitors –
many of which have rejected [journalistic norms of objectivity and
balance] – and undermined . . . public trust and credibility.”
(Lazer et. al, 2018)
I 68% of Americans consume news from social media, 57% of these

Americans expect it to be largely inaccurate (PEW R.C., 2018).
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67% of FB users get news on the site, 73% on Reddit and
71% on Twitter (PEW, 2018) 3 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information

I In my model, senders can pool their signals and the receiver randomly
observes the realization of one of them.

I Questions:

I How are the incentives to produce information affected by this lack of
transparency?

I What is the effect of an increase in noisy messages?

I Does increasing the variety of senders improve the quality of
information?

I How can we design platforms that promote high quality information?

4 / 18



Research Questions
I In digital media, two features are salient:

1. imprecise knowledge about the quality of messages
2. people do not consume all the available information
I In my model, senders can pool their signals and the receiver randomly

observes the realization of one of them.

I Questions:
I How are the incentives to produce information affected by this lack of

transparency? They increase for some senders, and decrease for others.

I What is the effect of an increase in noisy messages?
It has a disproportionate effect in communication

I Does increasing the variety of senders improve the quality of
information? Not necessarily

I How can we design platforms that promote high quality information?
Disclosure requirements
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Literature Review

I Uncertainty about senders without commitment
I Cheap talk with hidden biases: Morgan and Stocken, 2003; Dimitrakas

and Sarafidis, 2005; Chakraborty and Hardaugh, 2007; Li and
Madarasz, 2008.

I Uncertainty about the sender with verifiable messages: Shin, 1994;
Wolinsky, 2003; Dziuda, 2011.

I Uncertainty about senders with commitment (Bayesian Persuasion)
I Exogenous noise: Le Treust and Tomala, 2017; Tsakas et al., 2018;
I Partial Commitment: Parego et al, 2017; Min, 2017; Jian, 2018
I Sender with private information: Perez-Richet, 2014; Hedlung, 2017;

Piermont, 2016; Kosenko, 2018.

I Multiple Senders with commitment: Gentzkow and Kamenica,
2017a,b; Li and Norman, 2018.
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Model

I Θ states of the world, A actions (finite)
I S > 1 senders, each with utility us(a, θ)

I Each sender commits to a signal πs : Θ→ ∆(M)

I One receiver with utility ur (a, θ) that chooses a ∈ A
I Timing:

1. Senders commit to their signal simultaneously
2. The receiver observes the chosen signals {πs}s∈S
3. The signals produce messages and the receiver observes one of the

messages at random
4. The receiver updates her beliefs and takes an action
5. All payoffs are realized

I There is a common prior over the state of the world, µ0 ∈ ∆(Θ), and
over the prevalence of each sender in the platform, ν0 ∈ ∆(S).

I The solution concept is Perfect Bayesian Equilibrium.
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Example: An election
I Binary state (who is the best candidate), Θ = {L,R}
I The unbiased voter can choose A = {l , r , ∅}
I Without more information the receiver abstains from voting

I Two biased senders (left and right) who want their candidate to be elected
regardless of θ

I Senders are equally prevalent in the platform, ν0(r) = 0.5

I Benchmark:
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Simplifying the problem:

I Working on the space of posteriors is not without loss

I After any message, the receiver forms a posterior beliefs
p1(·|m) ∈ ∆(Θ× S) (Double inference problem)

I The product space of the signals of all senders is very large

Lemma (The average experiment)
I The average experiment, π̄, and the prior µ0 are sufficient statistics for each

sender’s payoff where:
π̄ =

∑
s∈S

ν0(s)πs

I Idea of the proof: The optimal action is determined by the marginal
posterior, µ1(m) =

∑
s∈S p1(s, θ|m) ∈ ∆(Θ).
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Simplifying the problem:

I For sender s, the strategies of every other sender can be summarized
by:

π̄−s =
∑
s′ 6=s

ν0(s ′)
1− ν0(s)πs′ ,

such that:
π̄ = ν0(s)πs + (1− ν0(s))π̄−s .

I A sender’s choice of πs is a best response to π−s

Lemma (Message space simplification)
If |A| ≤ |M|, there exists an equilibrium of the game where M is the
message space if and only if there is an outcome-equivalent equilibrium of
the game where A is the message space.
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?

πl

1

1

0

π(rjR)

π(rjL)

Points above the 45◦ line represent signals where message r is positively
correlated with state R.
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?

πl

1

1

0

π(rjR)

π(rjL)

πr

π̄

The further a signal is from the 45◦ line, the more informative it is.
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?

1

1

0

π(rjR)

π(rjL)

ν0(r)

ν0(r)

πl

Remark: Compared to π̄−r , sender r can increase or decrease the informativeness
of π̄, but not arbitrarily so.
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?

1

1

0

π(rjR)

π(rjL)

Obedience

vt(µ)

µ

0 1µ0

1

qr

We can overlap the receiver’s obedience constraint.
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?
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τ(π̄)

Sender r maximizes its payoff subject to obedience constraints and feasibility.
This is similar to B&M (2019), but with a constraint that depends on π̄−s .
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Geometric Representation
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Geometric Representation

I What π̄ can the right biased sender induce given πl ?

1

1

0

π(rjR)

π(rjL)

π̄

πr
π
KG
r

vt(µ)

µ

0 1µ0

1

qr

τ(πKG
r )

τ(π̄)

Remark: r responds by providing more information than the monopoly
benchmark, π∗r %bw πKG

r , but the receiver has worse information, πKG
r %bw π̄∗
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Applications

1. What happens if the prevalence of “bad actors” increases (senders
with incentives to keep the receiver uninformed)?

2. Does increasing the variety of sources promotes better information?

3. If senders can communicate transparently, will they take the option?
And, will this transparency improve the quality of information?
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Application 1: Games with a noisy sender

Theorem (Equilibrium signals with a noisy sender):
Suppose there exists ŝ ∈ S whose payoff function is concave at µ0; in that case, there
exists a threshold, γ(µ0, ur ) ∈ (0, 1), such that:

I If ν0(ŝ) < γ(·), and ν0(ŝ) increases, then (for any continuous selection of
equilibria) π∗s increases in -bw for all s 6= ŝ, but π̄ still decreases.

I If ν0(ŝ) ≥ γ(·), then the receiver learns no valuable information in any equilibria.
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equilibria) π∗s increases in -bw for all s 6= ŝ, but π̄ still decreases.

I If ν0(ŝ) ≥ γ(·), then the receiver learns no valuable information in any equilibria.

ν0(ŝ)

µ0(θ)

qθ

1

γ(·)

ν̄0(ŝ) = 0:01

0:10 No valuable communication
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Applications
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Application 2: Increasing the diversity of senders
Theorem (Diverse, simple senders):
I Assume that A = Θ and ur = −1{a 6= θ}, such that for each sender

us = 1{a = as} with as 6= a0 = a∗(µ0). Thus:

1. For every sender, π∗s -bw πKG
s .

(Senders exaggerate their position by recommending their preferred action
more frequently when this action does not match the state of the world.)

2. π∗s and π̄ are decreasing (-bw ) in the number of senders.

The election example from the introduction satisfies the assumptions of
the theorem.
I Intuition: In the KG benchmark, sender r always recommends R if it agrees with

the state, and chooses how much to recommend R when the state is L, such that
the message is still influential. Here, a message R coming from sender l is very
credible, so sender r leverages this fact and increases how often they recommend
R when the state is L. (New Mechanism)

14 / 18
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Applications

1. What happens if the prevalence of “bad actors” increases (senders
with incentives to keep the receiver uninformed)?

2. Does increasing the variety of sources promotes better information?

3. If senders can communicate transparently, will they take the
option? And, will this transparency improve the quality of
information?
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Application 3: Non-anonymous communication

Theorem (Partial unraveling of information):
Consider senders with exclusive messages, πs : Θ→ ∆(M ∪Ms),
where M ∩Ms = ∅ and |A| ≤ |M|, |Ms | for all s ∈ S.

1. A partially unraveling equilibrium always exists
(s 6= s ′ implies supp (π∗s ) ∩ supp (π∗s′) = ∅)

2. If senders are diverse and simple (as in previous theorem), every
equilibrium is partially unraveling for generic µ0.

3. If senders are diverse and simple, any partially unravelling equilibrium
is more informative than any equilibrium with Ms = ∅:

π̄∗M∪Ms %bw π̄∗M .
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Conclusion

I I constructed a tractable model where senders compete to influence the
average informativeness of messages.
I Senders may respond by providing more information or less depending

on the actions of other senders and the receiver’s prior beliefs.

I In applications:
I Information platforms might need to substantially limit the amount of

noisy information in order to remain influential.
I Increasing the variety of sources can be detrimental; sources have

incentives to exaggerate their position, thus providing less information.
I Allowing senders to credibly disclose their biases can improve the

quality of information. Identity verifications may be insufficient
because senders might need to credibly disclose financial sponsorships
or political endorsements as well.
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Thank you!
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Connection to Competitive Persuasion
I Gentzkow and Kamenica, 2017a,b consider a setup with multiple

senders. In terms of this model, they assume:
1. The messages of all of the signals are observed and their supports
2. The supports of the signals {Ms}s∈S are pairwise disjoint
3. Signals can be arbitrarily correlated
4. Senders choose pure strategies
5. Senders move simultaneously

The receiver updates beliefs according to the joint signal:

π̂ :=
∨
s∈S

πs : Θ→ ∆(
∏
s∈S

Ms).

I Result: Increasing the number of senders cannot decrease the amount
of information revealed.

I Li and Norman (2018) showed that 3− 5 are necessary assumptions.
I show that if 1 and 2 are jointly necessary as well.
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