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Large parts of our professional and private lives, online and offline, are organized
around the non-market exchange of information. But while people constantly seek out
others’ views and knowledge, they do not seek out a wide range of them. Instead, they
tend to segregate into homogeneous communities and limit their exposure to different
viewpoints or diverse backgrounds.!

This poses a puzzle: If people constantly seek and exchange information, why do they
voluntarily restrict the diversity and amount of information they receive? Can this only be
explained by behavioral biases and conflict avoidance, or are there informational reasons?
More practically: Is segregation into “echo chambers” necessarily socially harmful — and
should policy seek to influence who communicates with whom??

In this paper, we study a society with two problems: dispersed information and po-
larized preferences. The former means that no single individual knows enough to make
successful choices; the latter means that even perfectly informed individuals would dis-
agree on optimal actions.> We develop a general framework in which people communicate
strategically within groups and choose groups, while anticipating how communication will
function within each group.

We show that segregation into small, homogeneous groups can arise from rational
choice and can mazimize information transmission. Such segregation may be welfare-
maximizing and even Pareto-optimal when the degree of preference polarization is high.

The key mechanism behind this result is the interaction between information disper-
sion and preference polarization. Their effects on communication are opposite: Dispersion
creates incentives to learn from others, while polarization creates incentives to misrepre-
sent information to influence others’ actions. As polarization within a group increases,
truthful communication breaks down even though incentives to learn remain. Segregation
into more homogeneous groups reduces these incentives to mislead: It limits the amount
of potential communication but enables more actual communication.

The paper makes three main contributions. First, we develop a tractable framework
of many-to-many communication among agents with heterogeneous information and pref-
erences (sections 1 to 3). The framework admits a simple graphical characterization of
truthful communication in equilibrium, and welfare can be evaluated by counting pieces
of information that are exchanged. We also show how the framework can be extended to
settings with uncertainty and endogenous network formation (section 5).

Second, we use this framework to characterize the first-best communication structure

1See evidence on segregation in blogs (Lawrence et al., 2010), Facebook (Del Vicario et al., 2016;
Quattrociocchi et al., 2016), Twitter (Barberd et al., 2015) and online and offline contexts more generally
(Gentzkow and Shapiro, 2011).

2Consider claims that echo chambers are “dangerous” (Grimes, 2017), have “Balkanised society” (Itten,
2018) and contribute to populist movements such as Brexit (Chater, 2016) and the election of Donald
Trump (Hooton, 2016).

3Throughout, we use “polarization” to refer exclusively to exogenous preference dispersion, similar to
the distribution measure of Esteban and Ray (1994), and not to disagreement in beliefs or information.



and show that segregation into “echo chambers” can increase the amount of information
actually exchanged when preferences are sufficiently polarized (section 4).

Third, we characterize sufficient conditions under which efficient group allocations arise
in an equilibrium of the group-choice game (section 4). This is the case when individuals
care sufficiently about the decisions of others, or when preference polarization is either
very large or very small relative to information dispersion. We show that people may
segregate too little in equilibrium compared to the social optimum, because group choice
generates an informational externality: individuals choose groups to maximize their own
learning without fully internalizing the informational benefits that their choices have on
others. In societies with bipolar polarization, insufficient segregation is the only way in
which the best equilibrium can deviate from the welfare-optimum.

Our model is deliberately stylized and omits many features commonly associated with
echo chambers. Nonetheless, we argue that it captures a “smallest common denominator”
of their core mechanisms, namely systematic sorting into communication structures. We
discuss this interpretation in section 6.

We do not claim that echo chambers are unambiguously beneficial, and our results call
for a nuanced view: Whether segregation facilitates honest debate or narrows perspec-
tives depends on the underlying structure of polarization and mutual mistrust. Overall,
ideological segregation is better understood as a symptom rather than a root cause, as
polarization and mistrust do the primary damage while segregation can be a rational
response that mitigates it.

Our analysis also sheds light on the role of social networking platforms, which provide
infrastructure for users to sort and segregate rather than merely to connect (see section
6).

The paper proceeds as follows. We begin with a non-technical overview and review
the literature. Sections 1-3 develop the model and analyze communication and group for-
mation. Section 4 studies polarization and segregation, section 5 summarizes extensions,

section 6 discusses applications, and section 7 concludes.

A non-technical overview of our model and results We study a model in which indi-
viduals face uncertainty about the state of the world and differ in their preferences over
actions. The state of the world, preferences and actions are all real numbers, and each
individual has an ideal action: she prefers all actions — her own and others’ — to be as
close as possible to the sum of the state of the world and her preference. Individuals may
therefore disagree both because they have different information and because they have
different preferences. It is useful to think of individuals as being characterized by their
preference parameter b;; panel (i) of figure 1 shows an example with six individuals and
their positions on the preference line.

Each individual receives private information about the state of the world, while pref-



erences are common knowledge. Before choosing actions, individuals sort into separate
“rooms”. They then engage in “cheap talk”-style communication within each room, where
each message can be heard by anyone else within the room, but not by people in other
rooms. If a person finds herself in a room with very diverse preferences, she thus faces a
trade-off: On the one hand, she wants to correctly inform those with preferences close to
her own, as it will bring their actions closer to her own ideal point. On the other hand, she
wants to mislead those with very different preferences, as this will move their (far-away)
actions closer to her ideal point. If most of her audience has a much lower preference
parameter than her, for example, she wants to make them believe that the state of the
world is high, to move their action closer to her ideal point.

Each person’s signal is informative about the state of the world, but not about the
signals of others — intuitively, different people observe different aspects of the world. This
simplifying assumption allows us to derive a set of communication equilibria within each
room that is well-ordered by informativeness, and in which the most informative equilib-
rium is given by a simple graphical solution. In particular, the welfare of an equilibrium
is linear in the sum of the pieces of information that all players have (where each player’s
signal constitutes one “piece of information”).

This is illustrated in panel (ii) of figure 1. In the most informative communication
equilibrium, those indviduals with preferences close enough to the average preference in
the room will truthfully reveal their information, and all others reveal no information. If all
individuals are in one room (as shown in panel ii), there are therefore 3+3+2+2+43+43 = 16
pieces of information in this example.

Panel (iii) of figure 1 illustrates our main result about efficient segregation: If the
individuals are segregated into two rooms instead of being in one room, individuals 3 and
4 are no longer able to exchange any information with each other — but every individual
now reveals their information to everyone within their own room. In total, the individuals
have 34+ 3+ 3+ 3+ 3+ 3 = 18 pieces of information, meaning that welfare has increased
(and in fact all individuals are weakly better off).

Panel (iv) of figure 1 illustrates one of our results on whether efficient segregation can
arise in equilibrium. Individual 4 has a profitable deviation from the efficient segregation
shown in panel (iii), namely joining the room in which individuals 1 to 3 are communi-
cating. This increases the information available to individual 4, but deprives individuals
5 and 6 of 4’s information — and thus lowers welfare, since the total number of pieces of
information is now 17.

In Section 4.2 we study polarization as clustering around preference types. We show
that high polarization makes full segregation both welfare-optimal and an equilibrium,
while low polarization makes full integration optimal and an equilibrium (Theorem 3).

Our analysis disentangles the welfare effects of polarization and segregation. While

greater polarization both increases segregation and lowers welfare, the welfare loss is
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Figure 1: An illustration of our main results. (i): Six players characterized by their pref-
erences b;. (ii): In the fully integrated room, only players 3 and 4 reveal their information.
(iii): In two segregated rooms, all players reveal their information. (iv) Player 4 has a
profitable deviation from the optimal segregation.

caused by polarization, not by segregation. On the contrary, segregation mitigates the
harmful effects of polarization: preventing segregation in a polarized society would fur-
ther reduce welfare. Segregation into echo chambers can therefore be understood as a

decentralized response to the welfare losses created by polarized preferences.

Relation to other research We contribute to the literature on strategic communication
and segregation, and its applications, by developing a tractable many-to-many cheap-
talk framework with endogenous group choice. Galeotti et al. (2013) study one-to-one
communication in networks with correlated signals, which prevents equilibria from being
ordered by informativeness as in our lemma 1, and does not allow for an analysis of
strategic group choice. Their framework has been applied to alliance formation (Penn,
2016), party factions (Dewan and Squintani, 2016), and deliberation design (Patty, 2022).
While Patty’s work is closest to our setting, room composition is exogenous and there is
no strategic room choice in his paper.

Hagenbach and Koessler (2010) study one-to-one communication in networks with co-
ordination motives. While their truth-telling result also involves distance between biases,
it arises from coordination incentives. Our main contribution to the literature on many-
player communication is to combine a welfare measure based on information content with
a strict informativeness ranking of equilibria, which allows a joint analysis of individual

and socially optimal room choice.



Our paper adds a different perspective to a substantial literature on “echo chambers”

and related concepts; see Barbera et al. (2018); Levy and Razin (2019); Arguedas et al.
(2022) for overviews. Our focus on strategic senders and receivers distinguishes our work
from studies that consider “echo chambers” through the choice of exogenous news sources
or algorithm designers (Che and Mierendorff, 2019; Acemoglu et al., 2021; Martinez and
Tenev, 2024; Williams, 2024) or focus on non-Bayesian learning mechanisms (Levy and
Razin, 2019). Studies on the benefits of homophily when learning in exogenous networks
(Lobel and Sadler, 2016; Mostagir and Siderius, 2023) also highlight advantages of small
homogeneous groups, but do not have our focus on strategic communication and endoge-
nous group formation.

Concerns about echo chambers are prominently articulated by (Sunstein, 2001, 2017),
who argues that self-segregation undermines democratic deliberation. Empirically, Gentzkow
and Shapiro (2011) show that ideological segregation online is comparable in magnitude
to offline contexts. We propose to view segregation as an endogenous outcome that is
a reaction to polarization rather than its cause. Segregation can make communication
more effective in polarized societies and fighting segregation rather than polarization may

worsen communication.

1. Model

Overview The state of the world is §# = """ | 6;, where each 6; € {0,1} is drawn with
equal probability. Each player i € {1,...,n} observes a private binary signal o; € {o!, 0"}
about 6; with accuracy p > 1/2, ie. Pr (oi = ohf; = 1) = Pr (O'l' =ol|0; = 0) = p.
Before observing signals, players each choose to enter one of n rooms. Entering a room is
costless and rooms have no capacity constraints, but each player can only be in exactly
one room. After observing their signals, players send a binary cheap-talk message to

others in their room and then choose an action a; € R.

Payoffs Player i’s payoff is

ui(a,0) = —(a; —b; —0)? —az —b; —0)?

J#i
= —(ai—bi—i9k> —QZ(aj_b_Zek) (1)
k=1 J#

where b; € R is i’s commonly known bias and a > 0 measures how much players care
about the actions of others. Thus, ¢ prefers all players’ actions to equal b;4+60. We interpret

b; as 1’s preference and o; as i’s private information. Players maximize expected payoffs.

Timing of the game



1. Players simultaneously choose a room.*

2. Players observe their signals o; and simultaneously send messages m;. Message m;

is observed by all players in the same room as i.

3. Players simultaneously choose actions a;; payoffs are realized.

Independence We assume independence of substates and signals: for ¢ # j, 6; is in-
dependent of 0; and o; is independent of o;. These assumptions are mainly made for
tractability and imply that player ¢’s signal contains no information about player j’s in-
formation. One can interpret 6; as a part of the world about which player ¢ has exclusive
information. This does not rule out additional public information observed by everyone,
see the supplementary material (section 5) for an explicit extension along those lines. o;
can hence be thought of as 7’s residual private information, after we have taken account of
all public information. Many of our results still hold in setups where signals are correlated
(cf. section 9.3 in the supplementary material). However, a closed form characterization of
the most informative communication equilibrium becomes intractable — cf. the discussion

after lemma 1.

Notation We denote the room in which player ¢ is by R; and let ng, be the number of

players in room R;.°

Strategies A room choice strategy in stage 1 is a number in {1, ..., n}, so that all players
who pick the same number are in the same room. A (potentially mixed) messaging
strategy in stage 2 is a map m; : {0o!,0"} — A ({ml,mh}) where the restriction to a
binary message space is without loss of generality due to the binary signal space. Stage 3
action strategies map own signal o; and messages sent in R; into an action a; € R. While
messaging or action strategies could in principle depend on the composition of other
rooms, it is straightforward to show that players cannot gain from such a dependence and

we therefore ignore this possibility without loss of generality.

Solution method We solve the model by backward induction: We solve for actions given
messages, for messages given room composition, and finally for room choice. The solution
concept is Perfect Bayesian Equilibrium. We follow the usual convention and focus on the
most informative equilibrium in the messaging stage; this means that all messages occur

in equilibrium and there are no off-path beliefs to consider.

4In equilibrium, this is equivalent to a stage in which players can enter and leave rooms until nobody
wants to switch rooms anymore.

®Note that R; is not the ith room but the room player i is in, so e.g. Ry = Rs if players 2 and 3 are
in the same room.



2. Equilibrium Behavior Within a Room

2.1. Choice of Action

Only the first term in (1) affects i’s optimal action a}. The first-order condition yields

a; = b+ E[0|mp,, 03] = b; + Y _E[0)|mp,, 0], (2)
j=1
where mp, denotes the profile of messages sent in room R;. Thus, ¢’s optimal action equals
his bias plus his posterior expectation of the state.
In the following, we will denote by p;; = E;[0;|mg,,0:] i’s expectation about 6;, so

that expression (2) becomes a; = b; + > ", f1;;.°

2.2. Choice of Message

We now analyze message choice within a given room. Since messages and actions in other
rooms are irrelevant, we can focus on finding an equilibrium among the players in a specific

room.
Definition 1. We call a messaging strateqgy m; ...
e babbling if m; is independent of i’s observed signal o;.

truthful if m;(o!) = m! and m;(o") = m".

lying if m;(a™) = m! or m;(c') = m".

pure if m; is either babbling or truthful.

mixed if for some signal o*, k € {l, h}, both messages are sent with positive proba-

bility and the strategy is not babbling.

The cheap talk game, as usual, admits multiple equilibria, including babbling equilib-
ria. As in the cheap talk literature, we focus on the most informative equilibrium. In our
model, unlike in general multi-sender games, this notion is well defined and characterized

below.” The following lemma structures the set of equilibria:

Lemma 1. If (mq,...,my) is an equilibrium and m; is mized, then there exists another

equilibrium (mk,m_;), where mt is the truthful strategy. (Proof on page 19.)

64’s optimal action is independent of j’s optimal action. Our model is not about coordination, see

Hagenbach and Koessler (2010) for a model of communication with coordination motives.

“Information transmission can sometimes be increased if players commit to playing specific, less-
informative equilibria in certain rooms in order to affect room choice — see supplementary material for
an example. Since this would require players committing to equilibria that would leave everyone strictly
worse off, we do not consider such schemes.



Suppose player i mixes after observing o”, and is therefore indifferent between sending
m”, which induces higher actions, and m!, which induces lower actions. Thus, actions
induced by m” are too high from i’s perspective, while those induced by m! are too low.
After ¢!, i always sends m!, since desired actions are increasing in the signal.

In such an equilibrium, m” thus perfectly reveals o”. Now consider a truthful equilib-
rium. Sending m” after o induces the same actions as before, while sending m' induces
strictly lower actions. Since ¢ was previously indifferent, he now strictly prefers m” after
o, so truth-telling is optimal. Since i can only have been mixing after o® if i’s bias is
below average, he also benefits from ¢! inducing lower actions in the truth-telling equi-
librium. Switching ¢ from a mixed strategy to truthtelling does not affect other players’
incentives, because states and signals are additive and independent.®

Lemma 1 implies that the most informative equilibrium is always pure: starting from
any mixed equilibrium, we can stepwise replace mixed strategies by truthful ones without
destroying equilibrium. Since truthful strategies are more informative (in the Blackwell

sense), this strictly improves information transmission.
Corollary 1. The most informative equilibrium in a room is always in pure strategies.

We now characterize the most informative equilibrium. Player ¢’s incentive to tell
the truth depends on the distance between b; and the biases of others in the room, since
larger differences increase incentives to distort messages. The formal result in the following

theorem is illustrated in Figure 2.

- b
Theorem 1. Let bp, = Zk:—]f"k be the mean bias in room R;. In the most informative

equilibrium, i tells the truth sz and only if
b€ |br, ————(p—5), br, + ———(p—3)

and babbles otherwise. (Proof on page 20.)

The truth-telling interval increases with room size ng, and signal precision p. Larger
rooms matter because incentives depend on 7’s distance from the average bias of the other
players — and this average is closer to bg, when np, is large. Higher signal precision
strengthens the disciplinary effect of lying, since a false message moves others’ actions

more.

3. Room Choice

We now analyze room choice, assuming that the most informative equilibrium is played

in each room. This section characterizes the welfare-optimal room allocation; section 4

81f players receive signals about the same state and therefore have correlated information, no version
of lemma 1 holds and much of the tractability is lost — but some of our results can still be derived, see
section 9.3 in the supplementary material.
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Figure 2: We find the most informative equilibrium in the room containing players 1 to
5 by constructing a symmetric interval around the average bias. Players 1 and 5 babble;
players 2, 3 and 4 tell the truth.

studies when it arises in equilibrium.

Given expression (1), overall welfare is given by

W{(a,b,0) :Zui(a,bi,e) = —Z (ai—bi—20k> —azz (aj—bi—29k> .

i=1 i=1 j#i k=1

but this expression is not directly useful for comparing room allocations. Instead, we
show that in our model, welfare can be expressed in terms of the amount of information
players hold after communication.

Because payoffs are quadratic, they can be additively separated into losses from pref-
erence difference and losses from residual uncertainty. The former are unavoidable in
equilibrium, while the latter depend on how much information is exchanged. These losses
can be further decomposed into the theoretical loss from complete ignorance (if nobody
had any information) and the informational gain from signals and communication. Only
this gain depends on room allocation. Since the most informative equilibrium is in pure
strategies, we can measure this gain by counting the pieces of information each player has
after communication has taken place.

Consider the information available to a single player. ¢ always receives his own signal,
which we count as one piece of information. Each truthful message from another player
adds one additional piece. Let ; € {1,2,...,n} denote the total number of such pieces
of information available to 7. Since each signal is binary, (; in fact measures information
in bits. The following result shows that all welfare comparisons reduce to informational

accounting in bits:

Proposition 1. If the most informative equilibrium is played within all rooms,
1. player i’s payoff is affine and increasing in (; + Z#i G-
2. welfare is affine and increasing iny ., G.

(Full expressions in the proof on page 21.)

Room choice therefore becomes a purely informational problem: player ¢ maximizes a

weighted sum of his own information and that of others. When switching rooms, ¢ trades

10



off how much he learns against how much his move changes others’ information. The
weight of this “informational externality” is given by a.. If o = 1, there is no informational

externality and individual incentives maximize welfare:

Corollary 2. If a = 1, the welfare-optimal room allocation is an equilibrium of the room

choice game.

Proposition 1 allows for rapid welfare comparisons. In figure 2, full integration yields
443+ 3+ 3+4 = 17 information pieces, which cannot be exceeded by any partition into
smaller rooms. Hence the illustrated allocation is welfare-optimal.

For larger n, such exhaustive comparison becomes computationally hard due to the
rapid growth of the number of possible partitions of a set (given by the Bell sequence).
We therefore derive general results on optimal and equilibrium room allocations in the

next section.

4. Polarization and Segregation

Using the geometric characterization of messaging and the informational formulation of
room choice, we now analyze how preference polarization shapes which room allocations
are welfare-optimal and which arise in equilibrium.

Figure 1 in the introduction already gave an intuitive example in which segregation
is efficient but not an equilibrium. Section 4.1 generalizes the insights from this example
by characterizing the relationship between parameters, efficiency and equilibrium for all
models in which there are two bias types. Section 4.2 generalizes some insights from
this model further to all conceivable generic bias configurations with an arbitrary number
of biases and players; in the supplementary material we derive more specific results for
particular bias configurations within this space. Finally, section 4.3 shows that welfare

losses from polarization occur despite segregation, not through it.

4.1. Bipolar Polarization

We begin with the case where there are two bias groups, i.e. b; € {0, b} for some b > 0.
no players have bias 0 and n, (= n — ng) have bias b. For the full parameter space, we
characterize (i) the welfare-optimal room allocation, (ii) whether it is an equilibrium and
(i) if not, the welfare-maximizing equilibrium.

The full characterization is in Theorem 2 below. Because it is case-heavy, we first
state two high-level results that summarize the structure and mechanisms; proofs and

derivations are in the supplementary material to this paper.

Result 1. If all b; € {0,b}, then for small b the welfare optimum is full integration, and
for large b 1t is full segregation by type; in both cases the welfare-optimal allocation is also

a room-choice equilibrium.

11



With full integration, everyone is truthful when the average bias is close enough to

nypb
n

an equilibrium) if b is sufficiently small. At the other extreme, any mixed room induces

either type, e.g. when b = < ”T_l(Qp — 1). So integration is welfare-optimal (and
babbling by all occupants when one type is “too far” from the other, e.g. when b > ng(p— %)
(and symmetrically for n;). Then segregation is welfare-optimal and an equilibrium.

For intermediate b, the welfare optimal room allocation need not be an equilibrium.
Perhaps counterintuitively, the best equilibrium then features too little segregation com-

pared to the welfare optimum.

Result 2. If all b; € {0,b} and the welfare-optimal room allocation is not an equilibrium,
then equilibrium segregation is below the welfare-optimal level: welfare could be improved

by moving players from mixed rooms into same-type rooms.

The gap arises because players may ignore informational externalities from their room
choice if @ < 1. They integrate more than a planner would; this is the case shown in
panel (iv) of figure 1 in the introduction. To pin down all cases, we next state a theorem

that exhaustively characterizes equilibrium and optimal allocations.

Theorem 2. Let all b; € {0,b} and (w.l.o.g.) ng > ny.
( Welfare-optimality) The welfare maximizing room allocation and messaging equilib-

rium are:

1. Forb/(p—1/2) < (n—1)/no, all players are in one room with universal truth-telling.
2. For (n—1)/ng <b/(p—1/2) < (n—1)/mp, let npmo = [(ne —1)/(b/(p —1/2) — 1)].
(a) If (np + nmo)? + (no — nmo)? < no(no + np) + np and nume > ny, all players are

in one room where b; = 0 types are truth-telling and b; = b types babble.

(b) Otherwise, one room contains ng — Ny, players with b; = 0, and the other

contains all remaining players; universal truthtelling.

5. For bj(p—1/2) > (n —1)Jmy, let ny, = L(no — 1)/(b/(p — 1/2) — 1)].

(a) If no(no—+nmp) +nmp+ (ny—nmp)* > n2+n?, one room contains ny—nu,, players
with b; = b, and the other contains all other players in which only players with

b; = 0 are truth-telling,

(b) Otherwise, full segregation with universal truth-telling.

(Equilibrium) The welfare optimal room allocation is an equilibrium in cases (1), (2a)
and (3a) and also

e in case (2b) if
27’Lm0 —ng + 1

a >
T ng — 20 — 1+ nf 4 ny(Nmo — 1)

12



e in case (3b) if a > (1 +mng—np)/(ny —1).

Otherwise, the welfare optimal equilibrium features too little segregation: In case (2b), it
has one room instead of two, and in case (3b) it is not fully segregated. (Proofs and a

step-by-step derivation in the supplementary material.)

Figures 3 and 4 illustrate the welfare-equilibrium relationship for equally-sized groups

and one case of different-sized groups.
O{J\

full integration full segregation

welfare optimal welfare optimal

and equilibrium

2 Jand equilibrium: R AT
2 too little
- segregation
. in equilibrium : « b
¥ ¥ ? —1/2

Figure 3: The relationship between welfare-optimum and optimal equilibrium in a model
with bipolar polarization and equal-sized bias groups. The horizontal axis describes the
polarization of preferences relative to the dispersion of information.

This result shows that information externalities can take two possible forms:

Entering externality: In case (2b), a player reduces information in the room she enters.
Welfare would be increased by removing some majority-type players to a small
separate room to balance a mixed room, but these players prefer to rejoin the large
room because it yields them more information, even though their entry causes the

minority type to babble.

Leaving externality: In case (3b), a player reduces information in the room she leaves.
Full segregation is welfare-optimal, but minority players prefer to join the other room
to improve their own learning since it does not destroy truth-telling by majority
players in that room. The minority player who has switched, however, will not

communicate truthfully, and this deprives all other players of her information.

One implication of theorem 2 is that in the welfare-optimal allocation, no player in
the mixed room has an incentive to move to a less mixed room, since the mixed room
always contains the largest number of truthful communicators.

As Figure 4 shows, equilibrium optimality can be non-monotonic in b: in an interme-
diate range between cases (2b) and (3b), it is not possible to “balance” the fully integrated
room by removing b-types, but a fully segregated room would be worse than a fully inte-

grated room in which only one type communicates informatively.

13
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Figure 4: The relationship between welfare-optimum and optimal equilibrium in a model
with bipolar polarization and bias groups of unequal size (ng = 5 > 4 = n;). The horizon-
tal axis describes the polarization of preferences relative to the dispersion of information.
(Axis values are not to scale to improve readability.)

Full integration Full segregation
optimal and optimal and
equilibrium equilibrium

L | | [Q n
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Figure 5: Tllustration of theorem 3: The welfare-optimal room allocation is an equilibrium
if preference polarization (measured by 7n) is small or large.

4.2. When is Segregation Optimal?

We have seen that integration and segregation are optimal, respectively, under low and
high polarization. We now extend this result to arbitrary bias configurations. Let B =
(by,...,b,) be a bias configuration (this is not a set since repeated values are allowed).
Assume B is generic in the sense that no bias equals the average of any subset of the
others.” Define B, = (nby,...,nb,) with n > 0, which scales preference polarization

relative to information dispersion. Larger n correspond to greater effective polarization.'®

Theorem 3. (i) For sufficiently small n, full integration is welfare-optimal and a room-
choice equilibrium for bias configuration B,,.
(i1) For sufficiently large n, full segregation by bias types is generically welfare-optimal

and a room-choice equilibrium for bias configuration B,. (Proof on page 25.)

Figure 5 summarizes the result. When biases are close relative to informational differ-
ences, full integration results in universal truth-telling, which maximizes welfare and all

individual payoffs. When biases are very dispersed relative to information and no special

9More precisely, the assumption is that b; # ij B\ {b;} E"% * b; for any vector of n,, €
v k k

{0,1,...,m,} where ny, is the number of players with bias b;.
105 is the polarization measure proposed by Esteban and Ray (1994) (theorem 1) with an appropriate
scaling parameter.
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symmetry holds, truth-telling is impossible in any mixed room. Full segregation is there-
fore welfare-optimal and stable, since no deviation can increase any player’s information.

For intermediate polarization, no general ordering of bias configurations is possible
without imposing more structure. Welfare-best equilibria may exhibit either too much or
too little segregation; we provide an example of excessive equilibrium segregation in the
supplementary material. Our framework can nonetheless analyze specific bias distribu-
tions, as we also show in the supplementary material. For uniformly distributed biases,
(almost) full integration is welfare-optimal and full integration is an equilibrium. For
single-peaked bias distributions, full integration can be welfare-optimal and an equilib-

rium, but only if the concentration around the center is sufficiently strong.

4.3. Polarization Destroys Welfare

Although segregation is a welfare-increasing response to polarization, polarization itself
reduces welfare. Under the n-parameterization of the previous section, both welfare and

total information transmission weakly decrease in 7.

Proposition 2. Let W (n) be welfare and Z(n) total pieces of information in the welfare-
optimal allocation under B,. Both W(n) and Z(n) are decreasing in 1. (Proof on page

24.)

It follows from theorem 1 that increasing 1 weakly reduces communication in every
room and therefore lowers welfare. Additional segregation can partially restore communi-
cation, but cannot fully offset this loss. Polarization lowers welfare through communica-
tion breakdown, not through segregation — even though it may look that way, since more
polarization is accompanied by more segregation in equilibrium. Segregation is a response
that mitigates, rather than causes, the communication breakdown, even though it cannot
restore communication across separated groups. Echo chambers are therefore a decen-
tralized defense mechanism to polarization rather than its cause. Reducing polarization

improves welfare, while reducing segregation alone may not.

5. Extensions: Uncertainty, Public Information, and Follower Networks

Our model can be extended in various ways. We briefly discuss three extensions; further
details can be found in the supplementary material.

Our framework easily generalizes to a setting with uncertainty about others’ prefer-
ences, such as in anonymous online settings. Unlike Morgan and Stocken (2003) and Li
and Madarasz (2008), we consider uncertainty in the sign as well as size of preferences,
and whether uncertainty helps or hurts depends on the exact shape of the probability
distributions. For several partial distribution orderings, we show that large increases in
uncertainty erode all truth-telling. Even in a setting where full integration is optimal if

preferences are known, segregation may be optimal if there is preference uncertainty:.
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We allow for public information in addition to private signals. This does not change
the basic mechanisms, but weakens incentives for truth-telling: as public information be-
comes more important, private messages matter less for actions, making it more tempting
to mislead. When public information is sufficiently important, full segregation is optimal
and arises in equilibrium. This suggests that settings dominated by public information
(such as national political debates) lead to less truth-telling and more segregation, and
advances in information technology may crowd out truth-telling incentives.

Many of our main results also apply in a modified setting where players can form
follower networks by choosing whose message to receive. Player i tells the truth if her
preferences are close enough to the average preferences of her followers; players therefore
want to follow others unless doing so would make them stop communicating truthfully.
Equilibrium network formation maximizes welfare and greater polarization leads to more
segregation. The size of followership varies: Moderate players can be followed by many
(since the average preference of their audience is close to their own), while extreme players

are only followed by like-minded extremists.

6. Discussion

Social media and “rooms” In reality, segregated spaces such as the “rooms” in our model
are often scarce or costly. If segregation is beneficial, people are willing to pay for institu-
tions that allow selective inclusion and exclusion. This suggests that the business model
of social media platforms is not merely to connect users, but to provide tools to structure
and segregate audiences in ways that make communication possible. These group struc-
tures are also less portable than files or contacts lists, which contributes to platforms’

market power.

Political Parties and Safe Spaces Political parties and similar organizations can be un-
derstood as self-created “rooms” that allow like-minded individuals to communicate hon-
estly in polarized environments. Such spaces make it possible to discuss weaknesses and
doubts about one’s own position that one would otherwise hide or deny in the presence
of outsiders. The same logic explains the informational value of “safe spaces”, which can

enable marginalized or minority groups to exchange information.

Room Choice as Communication Design Models of information design usually assume
that a designer can set disclosure rules (Bergemann and Morris, 2019) or that senders can
commit to them (Kamenica and Gentzkow, 2011). Our model shows that truthful com-
munication can instead emerge from group composition, because people want to speak
honestly to certain audiences. Room allocation therefore functions as a natural commit-

ment device by making players want to tell the truth, without commitment power or
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external enforcement. Such “communication design” does not necessarily need external

designers, but can emerge from individuals’ own sorting behavior.

Is this a model of echo chambers? The academic and social debate has not agreed on a
unified definition of “echo chambers”. Our model does not aim to capture all significant
features, but focuses on two elements that are common to all interpretations: communi-
cation in segregated spaces and systematic sorting into those spaces. We argue that the
effects we describe would also be present in any richer model that includes strategic com-
munication. If e.g. individual information was correlated with preferences, segregation
has additional costs but retains its benefit (see supplementary material).

The equilibria of our model may not look, at first glance, as if players “echo” each
other’s messages, since they truthfully reveal their information. But the message space
is arbitrary, and it is a (realistic and outcome-equivalent) equilibrium that all truth-
telling players simply communicate their preferred action (given their information). An
outside observer would then see an “echo” structure, in which messages in one room are

systematically higher than those in another room.

When are echo chambers bad? FEcho chambers can be useful through the mechanism we
study, but their overall effects depend on whether this benefit outweighs other, potentially
harmful forces. Even additional benefits to diversity would not change the main trade-
off of our model and some segregation may remain efficient. If people in echo chambers
learn poorly due to correlation neglect or other inference mistakes, exposure to opposing
views would not automatically improve learning if communication remains strategic. En-
dogenous polarization would occur if preferences evolve through past communication and
would create a trade-off between present information exchange and future polarization.
Our model also implies that even taste-based homophily can improve information ex-
change when communication across groups would otherwise break down. Malicious actors
who benefit from misinformation or confusion, however, could find it easier to spread mis-
leading content in segregated societies, especially when audiences cannot correctly infer

their motives.

7. Conclusion

Democratic societies aggregate information through debate, markets, and voting — but
only debate requires no formal rules or framework beyond the ability to speak and listen.
We have shown that when people differ in preferences and information, segregation into
like-minded groups can be rational and Pareto-efficient. Echo chambers are thus better
understood as consequences of polarization and mistrust rather than their cause. While

society has much to gain from debate across divides, our argument implies that this cannot
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be achieved by forcing interactions that would not otherwise take place. Debate is more
than putting people into a room and expecting them to come out smarter — it needs

sufficient trust and common ground.
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Appendix

A. Proofs

This appendix contains only the proofs for results that are explicitly given in the main
text; all other results and their proofs can be found in the supplementary material.
Proof of lemma 1 on page 8.

Let (mj,...,m}) be an equilibrium where m; is a (possibly mixed) equilibrium strat-
egy. We denote by m_; g, the messages of all players in room R; apart from 7 and by
a;(m—; r,,0;) player i’s optimal action as derived in section 2.1. Player i’s expected payoff

when sending message m; to players in room R; can be written as

2
n
-« Z (aﬂ'(m*—jﬂj (0—jr;),05) = bi = Z 0k>
JER;
JER;,jF1

where expectations are taken over other players’ signals. This U;(m;|o;) can be split in a

part that is independent of i’s message m; and a part that depends on m;;:
" 2
Ui(m;) = E | const — « Z (aj(m*_jﬂi(a_jﬁi), o;) — b — Z 9k> or
JER;,j#i k=1
Specifically, sending message m” gives expected payoff
2
Ui(m") =E | const — Z (bj — b+ pl + Z,Ujk; —0; — Z@k) of
JER;,jFi k#i ki

where p; = E[6;|m; = m"] , i.e. pl; is the expectation of a player j in the same room as i
concerning 6; if player i sends message m”. Note that this expectation is the same for all

players j # i in the same room as i. Sending message m' gives

2
Ui(m') = E | const — Z (bj—bi—l—ué-ﬁ—Zujk—@i—Zé’k) o;

JER; j#i kot oy
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where pi; = E[6;]m; = m!]. The difference in expected payoff (divided by «) is then
AUy(oi)/a = (U(m") = U(m"))/a

2 2
= = > B |- 20l — ) (bj—mZujk—@—Z@k)

JER;,jF#i k#i ki

[ A !
s+ i
= 20— Y | +bj—bi—E[0i|ai]]
j€Rig#i L
Mt Yergpbi
2 ngr, — 1

= Q(M?z' - Néi)(”Ri —1)

where ng, denotes the number of players in room R;. (For the transformation to line 3,
we make use of the fact that pj; is the same for all j € R;.)

Player i is only willing to choose a mixed strategy after receiving signal o; if AU;(0;) =
0. From expression (3) it is clear that this can only be true for at most one signal as
E [6;] o] varies in o;. Furthermore, U;(c") = 0 implies U;(c') < 0 and similarly U;(c') = 0
implies U;(c") > 0.

Now suppose i’s equilibrium strategy m; is mixed after signal o”. Then, AU;(c") =0
implies AU;(0') = 2(u;—pil;) (ng, —1)(1—2p) < 0 and therefore m;(c') = m! which implies
(b, = p as am is only sent by ¢ after receiving signal o”. Consequently, (p/;+p5;)/2 > 1/2
as pb; > 1 —p. Now consider the equilibrium candidate (mf,m_;). With the truthful
strategy mf, p’t = p and pli = 1 — p and therefore (p/} + pil};)/2 = 1/2. This implies that
AU;(o") > 0 in the equilibrium candidate (mf,m_;), i.e. truthful reporting is optimal
for i after receiving signal o”. In the equilibrium candidate (m!, m_;), truthful messaging
is still optimal after signal o' as well: From p > 1/2, u?i < p and Né‘z‘ < 1/2 it follows
that —1/2+ (1 —p) < — (p + 1};) /24 p. As in the original equilibrium (m;, m_;) we
had AU;(c") = 0 and therefore — (p; + pl,) /2 +p = > jersjzi Ui/ (nr, — 1) — b;, we get
that —1/2+1—p < 3>, p i bi/(nr, — 1) = b; and therefore AU;(0') < 0 in the truthful
equilibrium candidate (mf, m_;). Hence, truthful messaging is i’s best response in the
equilibrium candidate (m}, m_;). Finally, note that the AU;(o;) for j # i is not affected
by changing i’s strategy from m; to m!. Hence, (m!, m_;) is an equilibrium.

The argument in case i’s strategy is mixed after signal ¢ is analogous. O

Proof of theorem 1 on page 9.

Consider again the difference between lying and truth-telling for player ¢ that we con-
sidered in equation (3) in the proof of lemma 1. Following corollary 1, we only consider

pure strategies and therefore for every non-babbling player ,u;-‘i = p and /Lé-i = 1 — p which
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implies that AU;(c") > 0 simplifies to

1 1
—— Yo ity > 5P
R ™ % jeR,ji
1 1
bi - ng, — 1 Z b = 2 b
R ™ jeR,j#i
y:» 1 1
b — e > = —
ng — 1 an.—lkezR'k = 5P

_ g |
b= = (- g
R;

If this inequality does not hold, player ¢ will not use the truthful strategy in the most
informative equilibrium and by corollary 1 this implies that he will babble in the most
informative equilibrium.

We can analogously solve for AU;(¢!) < 0 and get the interval used in the theorem. [J

Proof of proposition 1 on page 10.

Denote the sets of babbling and truthful players in room R; as R?ab and R;T“th, respectively.

For a given room allocation, the expected payoff of player ¢ in room R; is

2

1
Up = —E Yo (mi—0)+ ) (5 =0
jERtruth iy JERITHh Ui}
2
1
‘|‘04.Z | bj—bi+ Z (,ng:_ek)_‘_ Z (5_9/6)
JERi,j#i keRtruthy{;} kgRITthU{j}
2
1
+ozz bi—bi+ Y. (k=) + Y (5 = k)
J#Rs KeRIhUG) RERITINL(])

For any ¢ # j, the two values of 6; and 6, are independent; the same is true for s;; and
pik. Hence E [p;; — 6;] = 0 and E [(pi; — 6;) (pix — k)] = 0, which means that the above

expression can be rewritten as

1
U = — Y, Ef(w—6)" - > E{S—Qjﬂ
JERITUWh {4} JERITUh UL}
1

o Y ebptea XY Blm-t-a XY E|G-6r]

JER,j#i JERs,j#i ke R U{5} JER:j#i kg RTuth {5}

1

b0 Y Elp-6)] oY Y E{S—OQQ].

JER; J¢Ri ke Rirvthufj} JZRi kg R th U}
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Now note that E [(41;x — 6))?] can have two possible values: If k € R U {j}, i.e. if

J has received information about 6, then E [(p;x — 0x)?] = p(1 — p). If j has not received

information about 6y, then E [(y1;x — 0x)?] = ;. (We can check that information always

reduces variance and increases welfare since p > % and hence p(1—p) < i) Furthermore,
E[(1/2 - 6)? = 1/4.
This means that if ¢ is telling the truth, we can write (the discussion in the next

paragraph explains how we rearranged terms):

Ut = —ay {(b; }——[n+a(n—1) n]
J#i
1

+ <Z _ p(l p truth + az {ntruth truth (TLR truth)(l + ntruth)} anguth

(4)

The first term represents the loss that ¢ suffers because other players choose a decision
that is by b; —b; too high from i’s point of view. The second term represents the (theoreti-
cal) loss that would result if no player had any information and all p’s were simply % The
factors n and (n — 1)n, which sum up to n?, represent the total number of possible pieces
of information in the model: If everybody’s signal was available to everyone, n people
would receive n pieces of information. The term hence represents, for each potential piece
of information, the loss to ¢ of that information not being available.

This loss is mitigated by information, which we see in the second line: i receives his

truth

signal and n"" — 1 truthful messages, which means that instead of }1, on each of these

pieces of mformation i loses only p(1 —p) < %. Other players, about whose decisions

i cares with weight «, also receive some signals/messages: in any given room R, nf
truth

truth

truth players

players receive their own signal and n;"“*"* — 1 truthful messages while np —
(those that babble in R) receive n’“" truthful messages and their own signal (We have
to subtract the correction term —anf*" for room R; in which there are only nf7*" — 1
other players who tell the truth — in other words, ¢ cannot count himself again as one of

the players who receive information.) Analogously, we can write

N ( ~ 1/l +aln— 1jn

J#i

+<1/4 —p(l _p)) 1+ ntruth + OCZ {ntruth truth (nR truth)(l + truth)}

ol + ntmth)] . (5)

In both the expressions for U™ and UP®, the second lines are adjusting the (pes-

simistic) expression in the first line for the reduction in variance by information. We can

22



simplify both expressions by simply writing

A:_QZ{ )’} —1/4[n+ a(n — 1)n] + (1/4 — p(1 — p))

JF#i

G+a Z Cj] (6)

JFi

and express welfare as

W:ZUZ- = Y |=ad ;- b)* —1/4[n + aln — )] + (1/4 - p(1 - p

i J#i

Gra) ¢

J#

A Sl - b — St atn— 1)+ Hp— 5?0 +al-1) 3G

i=1 j#i

In this expression, all terms are model parameters except for the sum over all (;, which

shows that welfare is linearly increasing in ) . ;. O

Proof of theorem 3 on page 14.

A truth-telling equilibrium exists if AU;(o") > 0 and AU;(o!) < 0 for each player i.
Using the expressions as in the proof of theorem 1 for the case of one room R, U;(c") =
bi— (30,2 0;/(n=1))=1/2+pand Uy(0') = b;— (32, ,;0;/(n—1)) +1/2—p. A truth-telling
equilibrium therefore exists if and only if for every player ¢ it is

S/ -1} b <p- g

ki

This can be rewritten as [, {bx} — nb;| /(n — 1) < p — L. If 5 is sufficiently small, this
inequality holds for all players and all signals. Clearly, having all players in one room and
telling the truth is welfare optimal whenever it is feasible, and no player can gain from
leaving the room.

It ZkeR- k;éi{bk’/(n -1}t =0
ZkeRl k#{bk/(n -1} - bi’ # 0 for any room configuration

then 1 will not be truthful when receiving either

signal ¢! or o®. Generically,
containing players from more than one bias group. (This follows from the finiteness of
players which implies that the number of such room configurations is finite.) Now observe
that the left hand side of the non-truthtelling inequality is scaled by n while the right
hand side is not. That is, for n sufficiently high, player ¢ will report the highest (lowest)
signal in all rooms in which >, cp bk < 1rbi (D 4cp, gy b > nr;bi). Put differently,
any room that contains one or more players of a bias not equal to b; will lead to totally
uninformative messages by i if n is sufficiently high. For high enough 7, this holds true
for all players and it is then obvious that full separation is both welfare maximizing and

an equilibrium. O
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Proof of proposition 2 on page 15

Take two values of n, namely 1" and n” > 7. Denote a welfare optimal room assignment
under 1" by R”. Consider the same room assignment R” with biases r’. In each room the

number of pieces of information is weakly higher with set of biases B,, than with set of

— npr—1
biases B,: By theorem 1 a player i is truthtelling if and only if nbrr — :;U (p—3) <
— npr—1 '
nb; < nbgr + ——(p — %) Hence, player i will be truthtelling in room R/ with biases in
1 npn

B, if he is truthzcelling in R; with biases B,» by " < 1. Consequently, there is weakly
more information transmitted in every room given assignment R’ under 7’ than under
n” > n'. This implies W (n') > W(n") by proposition 1. O
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