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1 Introduction

Uncertainty about market conditions prevails in many decentralized markets. Prime examples are
labor and housing markets, where transaction data is not always available and where very similar
transactions are infrequent. Participants must cope with this uncertainty by using public information
and their own experience. This experience is often limited because most people search for a house or
a job only a few times in their life. The interaction of public information and learning from experience
cannot be captured by standard search models which assume market conditions are known in advance.

To study how public information affects outcomes, I develop a search, matching and strategic
bargaining model in the tradition of Rubinstein and Wolinsky (1985). Buyers and sellers flow into a
market at constant rates, where they search for partners and then strategically bargain over the division
of the surplus. In their model, this entry rate is known, which is where my model differs. I assume the
entry rate of buyers into the market is unknown. This implies that the equilibrium stocks of buyers
and sellers and the probabilities of finding trade partners are also uncertain. First, I characterize the
optimal behavior of fully rational agents under perfect Bayesian equilibrium and establish the existence
and uniqueness of a full trade equilibrium. Second, I explore how public information affects equilibrium
welfare, price dispersion, search duration and the path of reservation prices during search.

All previous studies of a decentralized market with aggregate uncertainty and learning assume at
least one of the following: 1) At most one side of the market has any uncertainty (e.g., Duffie et
al, 2017); 2) When two agents meet, they reveal their information to each other before agreeing on
terms (e.g., Shneyerov and Wong, 2020); 3) Only two states are possible, uncertainty is about which
of the states is true (e.g., Lauermann et al, 2017). None of these assumptions is innocuous. In my
setting, both sides face the same kind of uncertainty. They do not exchange information but learn
only from their outcomes. I place only weak restrictions on the prior distribution. In particular, I
consider the class of prior distributions over the unknown parameter such that a more "precise" public
signal induces agents to respond less to private signals.! A richer state space allows me to conduct
comparative statics with respect to the precision of public information while keeping everything else
fixed.?

These three features (two sided uncertainty, hidden continuation values and a rich state space)

T define the notion of precision later on, but for the sake of intuition it can be regarded as the inverse of the variance
of a public signal that is unbiased with respect to the true state.

2In a binary state space, reducing the prior variance must imply at least one of the following: either 1) the difference
between the two possible states is reduced, which implies a change in the economic meaning of the two states and not
just a change in beliefs, or 2) making one side more optimistic and the other side less optimistic from the onset. In either
case, the effect of public signal precision cannot be studied in isolation.



have not been considered before in the same model and they generate new insights about an important
class of economies.
Regarding welfare, I provide novel conditions such that welfare is increasing or decreasing with

3 The welfare improving effect is related to the phenomenon of withdrawals in

public information.
the housing market (Anenberg and Laufer, 2017) and of discouraged job seekers in the labor market
(Blundell et al, 1998). These phenomenon are difficult to rationalize in standard search models where
behavior is stationary. The present setting provides both a simple explanation and a potential remedy.
As agents search, those that do not find a match for several consecutive periods conclude that conditions
are worse than they initially expected. This pessimism, coupled with costly search, eventually causes
some of them to quit the market. This occurs even when true market conditions are such that continued
search is always optimal. More precise public information causes them to rationally be more doubtful
about their private signals and thus postpones quitting. The negative effect is related to a congestion
externality from increased participation (Ljungqvist and Sargent, 2007). Therefore, this study provides
new insights about important phenomena in major markets.

Most of the price dispersion literature focuses on one of two distinct kinds of price dispersion:
dispersion among posted prices (Varian, 1980; Pennerstorfer et al, 2020) and within the bid-ask spread
(Glosten and Milgrom, 1985; Jovanovic and Menkvald, 2020). I focus on a third kind of price dispersion,
which is dispersion within the bargaining spread, between the buyer’s and the seller’s positions (Kagel
and Roth, 2016). I demonstrate it is increasing in public information under quite general conditions.
This comes about because it is optimal for all agents to make offers that the most optimistic type
on the other side of the market would accept (a semi-pooling equilibrium). This most optimistic
type is more optimistic than the public signal, so increased public information makes this type less
optimistic about gains from future search. This is the first effect. On the other hand, sequential
rationality implies participants internalize their future beliefs into current continuation values. This
implies that the future belief path and how it is affected by public information propagate back into
the bargaining decisions of entering agents. This effect acts to mitigate the first effect because public
information improves future beliefs. I provide general conditions such that the first effect dominates
so public information reduces the continuation values of the most optimistic types. This causes the

sellers of this type to accept lower prices and buyers to be willing to pay more, so the gap between

3Previous studies have identified several contexts in which public information can reduce welfare: it can reduce the
scope for risk sharing in the economy (Hirshleifer, 1971; Eckwert and Zilcha, 2003); it can cause excessive coordination
(Morris and Shin, 2002); it can crowd out private information in the sense of making individual actions less responsive
to private information and therefore less informative (Amador and Weill, 2010).



the two prices increases. I use the one shot ultimatum bargaining protocol that allows this gap to be
expressed in transaction prices. On the other hand, pooling of offers implies that the dispersion of
beliefs among buyers and among sellers are not expressed in equilibrium transaction prices. Therefore,
public information causes price dispersion to increase.

This result stands in sharp contrast to existing findings of public information reducing the bid-ask
spread (Glosten and Milgrom, 1985; Stoll, 2000). However, I demonstrate that both phenomena can
occur at the same time. To do so, I study a variant of my model with market makers as modeled by
Duffie et al (2005). Market makers meet participants at a known rate and make an ultimatum offer
which equals the reservation price of just-entered agents. These agents do not have any signals, so
public information unambiguously increases their continuation values by improving their future belief
path. Therefore, the bid-ask spread is decreasing with public information. Note however that in this
case, price variance can still increase if market makers account for a small enough fraction of trade. I
also show that public information can reduce price dispersion when price dispersion only reflects belief
dispersion. A simple case occurs when only one side of the market makes offers, and when offers must
equal reservation prices (as in Glaeser and Nathanson).

The above discussion of pooling offers also makes clear why prices are uninformative about market
conditions, though they are informative about the extent of uncertainty agents face. On the other hand,
the distribution of search durations is informative about market conditions and more importantly, it is
informative about the likely effect of public information on welfare. If more precise public information
increases the maximal search duration on at least one side but does not increase the average search
duration on either side, it must also improve welfare. The intuition is that an increased maximal
duration indicates postponed quitting, which increases the private utility of marginal agents, while the
non-increased average search duration indicates that the added population does not cause a negative
externality.

This study also has policy implications. First, it directly informs existing policy debates in the
realms of public provision of information and market transparency. Statistical agencies, central banks,
industry associations and market organizers all make decisions about which data to provide (see Duffie
et al 2017 for a detailed discussion in the context of OTC markets). The welfare implications and
diagnostic tools outlined in this study should be taken into account in such policy decisions. Second,
this study raises the possibility that declining reservation wages during unemployment, a widespread

phenomenon which harms both the unemployed and aggregate economic activity, can be mitigated by



a specially designed informational intervention.

Pavan and Vives (2015) in surveying the literature on Information, Coordination and Market
Frictions, point to dynamic problems of information acquisition as a key area for future research
where “a lot remains to be done”. They note that “we are still missing a tractable model” of dynamic
learning and suggest that “extending the analysis to richer information ... structures” is “essential for
a deeper understanding of the positive and normative properties of these economies.” The present work
contributes to this goal by developing a tractable model of dynamic learning with very weak restrictions
on the prior distribution and provide positive and normative implications for an important class of
economies. It is likely that the paucity of research in this area stems in part from the perception that
such research projects must be difficult to comprehend and undertake. This study demonstrates that
a model of dynamic learning can be quite straightforward in methods, arguments and implications.

The rest of this study is organized as follows: Section 2 sets up the model; Section 3 reviews
the literature and highlights the contribution of this study; Section 4 describes the solution concept;

Section 5 proves the comparative static results; Section 6 concludes.

2 Literature

2.1 Search, Matching and Bargaining

The relevant literature begins with Rubinstein and Wolinsky (1985) who introduce strategic bargaining
into a search and matching market. Their main concern, which remains the main concern of the
subsequent literature, is whether prices converge to the Walrasian prices when frictions vanish (patience
4 — 1). Walrasian prices are 1 in a sellers’ market and 0 in a buyers’ market. They find that as
impatience goes to zero, the price converges to a number between 0 and 1 that is determined by the
matching chances of the two sides. So prices are not Walrasian unless the ratio of short to long side
matching chances goes to zero.*

Wolinsky (1990) is the first to introduce uncertainty about the true state of the world to such a
setting. He assumes the value of the traded item is known only to some of the agents. He asks if the

market is able to aggregate information so that the uninformed end up trading at a price consistent with

the true state. He assumes that only two states are possible (high and low) and only two bargaining

41t should be noted that their conclusions are disputed by Gale (1986) who shows that a frictionless market with
bilateral strategic bargaining implements the Walrasian allocation. The differences between the models are too subtle
to discuss here. See also Gale (2000).



positions are allowed (high and low). When 6 — 1, uninformed agents can spend a lot of time insisting
on the better deal and learning about the state from the bargaining positions of their counterparties.
However, this makes uninformed agents relatively more common because informed agents trade quickly.
This in turn implies that the uninformed are very likely to meet other uninformed which reduces the
information value of each meeting. Thus, the value of acquiring information does not become negligible
and some agents trade at the wrong price.

Lauermann et al (2017) revisit Wolinsky’s question in a richer framework. Each seller may meet
many buyers at the same time and no restrictions are placed on individual bids. Sellers hold first price
sealed bid auctions with a secret reserve price as in Satterthwaite and Shneyerov (2008). Lauermann
et al assume the item’s value is known but the entry rate of buyers is not. The high and low states now
refer to whether the entry rate of buyers is above or below that of sellers. Buyers learn from losing
an auction with a certain bid while sellers learn from no being able to sell at a given reserve price.
Importantly, the friction is exogenous exit so that as it goes to zero (6 — 1) the ratio the stocks of
agents on the long side to the short side grows arbitrarily large. Price are Walrasian in this case.

In independent work conducted in parallel, Shneyerov and Wong (2020) also extend Rubinstein and
Wolinsky (1985) but with the following differences compared to the present setting: time is continuous,
agents have a monetary discount rate (in addition to exogenous exit), a specific parametric aggregate
matching function is assumed (my results do not rely on such an assumption), the state space is binary
(high or low), and each encounter starts with mutual revelation of search histories. The latter two
are the most crucial. The binary state space implies that a reduced prior dispersion must change the
economic meaning of the high and low states, so there is no scope for a pure information effect. This is
because when only two states are possible, a reduced prior dispersion must imply that the two possible
states are more similar to one another in economic terms, and also closer to a balanced market, where
the surplus is divided equally.

Mutual revelation of information ensures the existence of a full trade equilibrium for arbitrarily low
levels of friction (1 — § + r), which is their main focus. The goal of Shneyerov and Wong is to study
convergence to Walrasian prices as frictions vanish in the presence of uncertainty about buyer entry
rates. In contrast, my focus is on welfare and price dispersion in the presence of frictions. Welfare is
trivially increasing in their model as more agents end up trading due to lower exogenous exit. They
show that there is only one full trade equilibrium but do not provide conditions such that full trade is

the unique equilibrium in some larger class, as I provide here.



Full trade is important because models of this kind face a distinct tractability challenge. Optimal
behavior depends on each type’s beliefs (subjective distribution) about the distribution of types, while
the distribution of types depends on the behavior of each type. Therefore, each type’s posterior
can be a function of distributions of distributions (of distributions...). In addition, posteriors must
include both binary signals (matching or not matching) and discrete but non binary signals (offers and
responses which signal the distribution of types on the other side). Therefore, with finite histories,
such posteriors do not fall into any known distribution families and therefore are difficult to study
analytically. Full trade, along with one shot bargaining schemes and anonymity, ensures that signals
are binary (meeting or no meeting), thus simplifying posteriors. The binary state space and the mutual
revelation of information also contributes to making equilibrium prices reasonably tractable.®

I make several contributions to the literature. First, I analyze the welfare implications of public in-
formation in decentralized markets with aggregate uncertainty. In so doing, I make a novel connection
between such markets and the empirical phenomena of withdrawals in the housing market and dis-
couraged workers in the labor market. Second, I demonstrate that conclusions can be reached without
little or no restrictions on the state space. Third, I provide more general conditions for equilibrium

uniqueness than Shneyerov and Wong.

2.2 Public Information and Welfare

In terms of the comparative statics I focus on, a few other strands of the literature are related. First
is the literature on the welfare effects of public information. Most of this literature focuses on static
models which are less relevant to the current study (see Pavan and Vives, 2015 for a review). The most
closely related studies to my own are Duffie et al (2009 and 2017). Duffie et al (2009) study the welfare
effects of public information in a dynamic setting with search and matching. However, their setting
does not involve trade between meeting agents. Instead, agents mutually reveal their information upon
meeting, and this information is the source of private signals. Based on their information, agents choose
optimal search intensities and a terminal action. A related study by Duffie et al (2014) has bilateral
trade but not public information. Duffie et al (2017) study the welfare effects of public information
on a dynamic exchange economy with search and matching and provide conditions for information to

be welfare improving. However, their model differs in several key respects. First, public information

5 Approaches not including full trade equilibria exist: Wolinsky (1990) restricts possible bargaining stances to be high
or low; Majumdar et al (2016) assume point beliefs; Lauermann et al (2017) focus on the limit where § — 1 which
facilitates rapid learning as the ratio of long side to short side populations and goes to infinity. All three impose a binary
state space.



is either not provided or is fully revealing. Second, the information concerns the seller’s costs so only
one side has any meaningful uncertainty.
I contribute to this literature by demonstrating a new channel from public information to welfare

which is relevant to major markets such as housing and labor.

2.3 Information and Price Dispersion

This study is also relevant to the literature on information and price dispersion in bilateral trade.
Most of this literature, from Stigler (1961) to Pennerstorfer (2020), focuses on one sided search (see
Baye et al (2004) for a review) where sellers post prices and buyers search among them. The typical
finding is that price dispersion has an inverted U shape with respect to information (first reported
by Diamond, 1971). Glosten and Milgrom (1985) study a model with informed traders, uninformed
traders and uninformed market makers. Their setting does not have search and matching frictions and
the unknown is the value of the asset. They assume that public information reduces the information
advantage of informed traders over the market markets and find that it reduces the bid-ask spread.
In my setting public information reduces the dispersion of beliefs but this does not have to result in
reduced price dispersion. This is in part because price dispersion at the bargaining "spread" between
the buyer and the seller is distinct from price dispersion at the bid-ask spread. See more discussion
of this issue after the price dispersion comparative static in subsection 5.1.4. Duffie et al (2005)
study a search and matching market with buyers, sellers and market markers, but their setting has
no uncertainty and so no role for public information. I use their formulation of market markers in
an extension to show the effect of public information on the bid-ask spread. This allows me to show
that the bid-ask spread and the bargaining spread can be moved by public information in different
directions (see subsection 5.1.5).

A new results of this study is to provide sufficient conditions such that price dispersion is mono-

tonically increasing with public information.

2.4 Declining Reservation Prices

Finally, this study is also relevant to the literature on declining reservation prices during search. This
phenomenon has been observed in the field and in laboratory settings (see Brown et al 2011 for a
review of early evidence and for new laboratory findings). It is important in labor markets where

declining reservation wages during unemployment can lead to lower subsequent wages as well as to



lower participation due by discouraged workers. Gronau (1971) rationalizes declining reservation prices
as caused by a finite search horizon. Burdett and Vishwanath (1988) show the same phenomenon can be
rationalized by learning even if the horizon is infinite. Their model assumes bids are distributed normal
and are exogenous. Although they do not mention it, one can easily show that higher prior precision
mitigates declining reservation prices in their model. This can have important policy implications.
Brown et al (2011) provide suggestive evidence from the lab and the field that uncertainty and learning
are implicated in declining reservation prices.

A new results of this study is to demonstrate that reservation prices decline during search on both
sides of the market and regardless of the particular signal structure. Rather, it is a direct consequence
of sequential learning. Furthermore, it can be mitigated by providing more accurate public information.

To the best of my knowledge, this point has not been made before.

3 Setup

Time is discrete and the market is perpetual. At the start of time, nature draws a single realization
x from the random variable X. This realization determines the "state" (the meaning of which will be
explained shortly) and remains fixed forever. While X is common knowledge, x is not observed by
anyone.

The market is populated by buyers and sellers with linear utilities. Buyers (B) and sellers (.5)
have potentially infinite horizons, but fraction 1 —4¢; € (0,1),j = {B, S} of them exit exogenously
each period. Buyers have unit demand for an indivisible item and value the object at 1 (it may be
convenient to think of the item as a house). Sellers have unit supply of the item at cost 0. Each period,
a new mass Ng g of sellers and a new mass Np o(z) of buyers enter the market to join existing buyers
and sellers. The subscript 0 indicates that the fixed entry rate is always equal to the population of
side 7 who had 0 matching opportunities. Because all the analysis is in steady state, I ignore calendar
time from the onset.

Both entry rates are fixed, but only Ng is known. The function N ¢(x) is known and increasing
in the realized state z, so that information about = provides information about Np o(z). As will be
made clear shortly, knowing = implies knowing Np ¢(z), which enables one to calculate the equilibrium

matching rates and population stocks.



3.1 Order of events

The order of events in each period is as follows:

1. Ng sellers and Np(z) buyers enter and join the agents who remain from previous periods.
All agents are identical except for their role of buyer or seller and their histories which cause

different beliefs. In what follow, I refer to the entire stocks of agents jointly.

2. Each agent chooses whether to pay c¢; and continue search or to not pay and quit (this and

subsequent events apply to new and old agents alike).

3. Sellers and buyers are randomly matched into pairs at the individual per period rates w;(x) €

(0,1).5

4. Matched pairs bargain with private histories. They flip a fair coin to make a take it or leave
it offer. If the receiver agrees, both consume and exit. If not, the meeting dissolves and agents

re-join the market.

5. A fraction 1 — 4, € (0,1),j = {B, S} of the remaining agents exit exogenously.”

3.2 Information

Generally speaking, each agent only observes what happens to her, so she knows when she enters,
matches, receives an offer, gets an exit shock and so on. She does not observe what happens to others
and what others decide, other than during bargaining where bids and responses are observed by both
parties, though not by outside parties. In addition, agents understand the model perfectly and know
all parameters except for the realization of x. I am assuming throughout that agents use Bayes’ Rule
to update their beliefs but other updating rules may be equally applicable.

The common prior over = has a PDF fy (x| X, 7(k)) that depends on the true state distribution X
and on a public signal 7 € (0,1), with E[r] = z. The distribution of 7 depends on a parameter k.

Define the posterior mean belief about the per period matching probability as follows:

6As usual, wj(z) = %&BW, where Nj(z) = 23;81 Nj ¢(x) is the total mass of agents on side j, T; < oo is
the endogenous quitting period, and M (,) is the matching function that determines the mass of matches each period
based on the total populations of buyers and sellers. For now, I make no assumptions about M(, ) except that it is fixed
(conditional on populations), weakly increasing in each argument and is known to agents. Also, matching is random in
the sense that each pair that contains one buyer and one seller is as likely as any other such pair.

7This threat of termination induces impatience. Brown et al (2011) verify experimentally that subjects respond very
similarly to monetary discounting as to termination-threat discounting.
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Win = fol wj(x) fy (x| X, m(k), h)dz, where h = (s1,52,...) is some history of private signals s;
observed during participation (matching or not matching, bids received and rejected).
I will often refer to k as the precision of the prior for a reason that will be clear shortly. However,

k can be any parameter affecting 7 such that the following assumptions hold:

A1l For any two levels of k, (ko,k1) such that kg < k1 < oo, and for any two histories, hg and
hi = (ho, s), where s is a private signal, the effect of the private signal s has a weaker effect on the

posterior mean under k; relative to ko:® |pj,no (ko) — 15,0, (ko)| > [1j,ho (k1) — 0, (K1)

A2 X, are such that whenever ¢; > 0, there exists a history h of binary signals such that 1,5 < ¢;
for 5 = {B,S}. This is analogous to assuming that the state space and the public signal assign
a positive probability to a non empty set of states where sellers have arbitrarily low beliefs and to
another non empty set of states where buyers have arbitrarily low beliefs.

Al and A2 together allow me to abstract from assuming a particular joint distribution for the
information structure.

As an example of A1, one can consider a (post-public signal) prior of fy (z|X,n(k)) ~ Beta(yk, zk)
with k& not too small (The Beta distribution is commonly used to model priors over beliefs). In such
a case, one can verify that increasing k reduces the difference in posterior mean between two agents
on the same side whose histories differ by at most one binary signal. A similar result can be readily
obtained when the signals are drawn from the normal distribution with unknown mean that is also
drawn from a normal distribution with precision k. For this reason, the reader may find it convenient

to think of £ as the precision of the common prior.

3.3 Discussion

As a concrete example for the setting, consider a homeowner who would like to sell her home. To
decide on a bargaining stance, she must consider the rate of arrival of buyers and the outside option
of those buyers. To do so, she consults a publicly available data source, which is the realized public
signal mp, knowing that it is also available to all other agents. In addition, she uses her knowledge of
the setting and her ability to acquire additional private signals during search.

It is reasonable to suppose that in the relatively short time she will spend on the market, the

8For the results in this study apart from the equilibrium uniqueness result it is enough to assume this holds for binary
signals (s; € {0,1}).
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informativeness of the available information will not change in any meaningful way. It is also possible
that sellers do not consult public data more than once during their search as such consultation is costly
in time and effort. Therefore, it is reasonable to assume that 7 is fixed.

Also note that housing search is segmented in the sense that a particular buyer does not examine
all possible homes but focuses her search on houses with similar characteristics (Piazzesi et al 2020).
It is therefore a useful simplification to suppose all buyers are identical in their preferences, in the
rate at which they find other sellers and that those sellers offer essentially identical houses. This
simplification is especially useful because precise information on the distribution of buyer preferences

and house unobserved quality is not publicly available.

4 Equilibrium

I focus on a steady state full trade perfect Bayesian equilibrium, which I will call FTE. The focus on
a full trade equilibrium provides a clear intuition for novel and important economic results.

In contrast, a partial trade equilibrium is complicated by the fact that posteriors must include both
binary signals (matching or not matching) and discrete but non binary signals (offers and responses
which signal the distribution of types on the other side). Therefore, with finite histories, such posteriors
do not fall into any known distribution families and therefore are difficult to study analytically. I follow
Shneyerov and Wong (2020) in focusing on a full trade equilibrium. See Lauermann et al (2017) for
an ingenious effort in establishing some partial trade results in a similar context, though at the cost
of assuming a binary state space. While interesting, their results are not a substitute for the present
work because they concern the effects of 6 — 1 and not of a more precise prior, which their setting
does not accommodate. I discuss candidate partial trade equilibria in Appendix E. Though largely
conjectural, the discussion does imply that the main insights of the analysis in full trade extend to

some partial trade equilibria.

4.1 Definition: FTE

A participant’s type is fully characterized by her role of buyer or seller (j = {B,S}) and her history
h which includes the common prior (X), the public signal (7), the number of periods in the market

(t =A{0,1,...}), the number of meetings (m = {0,1,...,t}), the bids received and the bids made in each

12



meeting.”

A perfect Bayesian steady state full trade equilibrium in cut-off strategies consists of:

1. FTE Populations: function N, j(z) from type to steady state mass of agents of this type that
are in the market conditional on the parameters and the realized state, that are consistent with

FTE strategies.'°

2. FTE Beliefs: Posterior probability density functions fy (z|h) that are consistent with Bayes’

rule, with FTE strategies and with FTE populations;

3. FTE Strategies: Offer and reservation strategies 0 5, r; 5 that are consistent with FTE beliefs

such that

(a) no unilateral deviation is strictly welfare improving given beliefs and

(b) offers consistent with FTE play are always accepted.!!

Proposition 1 (FTE): There exists k* such that for any k > k*, a PBE in cutoff strategies exists
and any such PBE has full trade.
A full treatment is given in the Appendix E. Here I give an intuitive description. The rest of the

analysis will be assuming FTE play.

4.2 Intuition for Existence and Uniqueness

The essence of the arguments for both existence and uniqueness relies on a trade-off between making
an offer that is always accepted (safe) or making an offer that is sometimes rejected but yields more
utility if it is accepted (risky). The risky offer is better when the difference between reservation prices
on the other side is large (heterogeneity). The more similar are the agents on the other side, the lower
is the incentive to make an offer that some of them will reject. The safe offer is better when it is

more likely that one is facing someone who will reject. A higher k causes lower heterogeneity and by

9T am counting tenure in the market as the number of times an agent was present when meetings were announced. So
agents enter the market with tenure 0 but end their first period in the market (if they reach the end without matching)
with tenure 1.

107 follow Shneyerov and Wong (2020) in not imposing steady state conditions as part of the equilibrium definition.
See Appendix C for a detailed proof that steady state always arises in this market as a consequence of FTE play.

LITf an agent is asked to respond to an off-path offer (an offer that is not consistent with FTE play), she responds
according to her reservation price. The reservation price is calculated as usual, conditional on her tenure and on meeting
in this period (conditioning on receiving an off path offer and on the size of the offer does not change the posterior
because it is a zero probability event).
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choosing an appropriate k one can make heterogeneity arbitrarily low.'? On the other hand, k& does
not have the same effect on the probability of rejection. The proportion of agents who are the most
optimistic about their future chances is always strictly positive as long as § < 1, which I am assuming
throughout. So one can always find a lower bound for k£ such that for any k above this bound, the
gain from making the risky bid is not enough to cover the probability of rejection. Note that all the
above does not rely in any way on an assumption that everyone else plays according to FTE. Rather,
it implies that FTE play can be made a dominant strategy by a suitable choice of k. For such a choice,
FTE exists and is unique.

For a graphical illustration see Figure 1 below. It illustrates the trade-off faced by a buyer in FTE
when she is selected to make the offer. She is facing a seller with unknown tenure and it is the first
meeting for both of them. The buyer’s utility if her offer is accepted is on the vertical axis and the
probability her offer is accepted is on the horizontal axis. The red dots indicate two possible choices:
the risky offer rg 2 which yields utility 1 —7g 2 with probability of acceptance below 1 and the safe offer
75,1 which yields the lower utility 1 — rg; with probability of acceptance 1.'3 A higher k reduces the
vertical distance by making sellers less heterogeneous. If we zoom out far enough so that many tenures
are included, the black step function would appear smooth, with a negative slope left of probability
1 and then vertical as it is now. A higher k reduces the average "slope" of the step function left of
probability 1. If k is very large, the trade-off step function will be very similar to a horizontal line.
Then, a very small reduction in the offer yields a very high reduction in the probability that the offer
is accepted. This naturally leads to the safe offer being made.

A similar logic applies to ruling out partial trade equilibria. To see this, image that rg; now
denotes the reservation price of the most optimistic seller, while g o denotes that of the second most

optimistic seller and so on. The rest of the intuition is as above.

4.3 Intuition for Steady State

When writing M = M(Ng, Ng) for the mass of period period matches, the condition for the steady

state total stock on side j is:

Njo=M + Nj1, + (N; — M)(1 - 0;)

12As long as k < oo, k is never too high for any of the arguments in this study to be correct. At the same time, k can
often be quite small in practice. See Appendix E for more details.

137’5,,5 denotes the reservation price of a tenure ¢ seller in their first match. I also sometimes write this as rg ;1 when
confusion is possible. Note that in FTE a type is fully captured by the tuple (j,t, m).

14



Figure 1: Optimal Offer Trade-off

ug(rs¢|Accepts)

1-— T5,3
1-— rS,Z

[ ,}LIg{(l —752) = (1 =751)} > 0]{
1-— rS,l

[E—

[’lim {1 — Pr(Accepts|rs,,h)} > 1 — Pr(Accepts|r5,2,n) > 0]

'1 Pr(Accepts)

Notes: the horizontal axis is the subjective probability that an offer is accepted by a seller, from the
perspective of the buyer; the vertical axis is the utility to the buyer given that her offer is accepted.
In FTE this is the first meeting for both so the third subscript (m) is omitted. Pr(Accepts|rs 2, h)
denotes the probability a buyer with history h assigns to offer rg 2 being accepted. Pr(Accepts|rg 2, T)
denotes the same except that now beliefs are conditional on the public signal being almost surely equal
to the true state x, which also makes the history irrelevant.
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A fixed mass of agents IV; o is added every period. Assuming FTE play, a fixed fraction of the stock
is subtracted every period. The subtracted mass includes those that chose to quit (NN r,), those that
matched (M), and those that did not match but exited exogenously (N; — M)(1 — ;). Recall that
Nj =302 N

To see why convergence to steady state occurs, note that if (N; — M) is above (below) its steady
state level, then (N; — M)(1 — J;) is also above (below) its steady state level so that next period
(N; — M) is smaller (larger). This pushes population towards the steady state level. Therefore, for
any initial population stocks, the long term stock of agents is the sum of a convergent geometric series.

Note that the effect of M on the population stock does not negate this process because if IV; is
above (below) its steady state level then M is weakly above (below) its steady state level as well
because of the standard assumption that M (Ng, Np) is weakly increasing in each argument. Because
entry rates are in masses, the number of agents on each side is always infinite. This ensures that the
law of large numbers applies, so that the fraction of agents who experiences a certain event always
equals the probability of a given agent to experience this event.

Consequently, the long run total stocks are fixed, so that type stocks are fixed as well, as they
depend only on total stocks and model parameters. Thus the market converges to a steady state

where the population of each type is constant. I focus on this limit.

4.4 Remarks

Note that in FTE, no agents continues to search after a meeting. Therefore, every type on the
equilibrium path can be described by the tuple (j,¢,m).

Also note that because bargaining is conducted with private histories, the only offer strategy that
supports an FTE is where all sellers, regardless of their history, make an offer that leaves the most
optimistic buyer indifferent (as customary, I am assuming agents accept if they are indifferent). Buyers
likewise make an offer that leaves the most optimistic seller indifferent. If sellers ask for more, the
most optimistic buyers will reject, so we are not in FTE. If they ask for less, they leave money on
the table. The most optimistic agent in FTE after meetings are announced is a tenure 1 agent with 1
meeting. This implies that all equilibrium offers are 0;¢1 = r_j1,1.

Therefore, a seller’s expected utility from a meeting is given by:

14See Appendix C for a formal and detailed proof.
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1 1

us = 57'3,1,1 + 57"5,1,1

This follows because with probability % the seller is chosen to make the offer, in which case she
offers to be paid rp 1, and the buyer accepts, and with probability % the buyer makes the offer, in
which case she offers to pay rg,,1 and the seller will agree. Because the seller provides the item at
cost 0 and she is risk neutral, her utility is the average between rp 1,1 and rg1,1.

The buyer’s case is similar except for the fact that the buyer values the item at 1 and so, her
expected utility from a match is:

1 1
up = 5(1 —rpa1) + 5(1 —7s1,1)

4.5 Value Functions

In the present setting, an agent makes decisions at two points in time: before paying the search cost

and if she is in a meeting. I now derive the value function for these two cases.

4.5.1 In a meeting

Now I derive the FTE continuation value of an agent on side j, after meeting in her ¢’th period on the

market in the event that bargaining breaks down:

Vitan =1 =05) 0465 (—cj + e -uj+ (1 —pge1) Vi) (1)

To understand equation (1), first note that with probability 1 — J, the agent exits at the end of
period t with utility 0. With probability J; she continues to period ¢+ 1, where she must first pay c; to
not quit with utility 0. If she does so, she has subjective probability j;+ 1 to meet a trading partner. If
a meeting occurs, her expected utility from the meeting is u; and then she exits. A meeting does not
occur with subjective probability ;. 1, in which case her subjective continuation utility is Vj¢41,1."

A more concise formulation is:

15Note that Vi t+1,1 already takes into account the information of not meeting in period ¢ 4 1. This is necessary for
sequential rationality as prescribed by a Perfect Bayesian equilibrium. Recall that sequential rationality requires that
the agent’s strategy in each node be an optimal response given the information that she has at this node. Therefore,
when formulating Vj ; 1, the agent must take into account the fact that her information set, if she happens to reach ¢+ 2
will contain an additional signal, which on the equilibrium path, will be that she did not have a meeting.
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Viga =djen-uj — giea1- ¢ (2)

Where d; ;1 is the subjective probability to eventually meet a trading partner and g;;; is the
expected number of periods until exiting the market for any reason.

To arrive at (2), I repeatedly substitute the appropriate RHS for Vj ¢y1, Vj¢42,... in (1) to get (2)
, Where

djea = 000 + o0y 0TI (1 = prjin) - pjasr—11

Gian =0+ S0 07 T2 (1= pj0)

T} is the endogenous terminal period in which an agent chooses to quit the market.

d;+1, has an intuitive form. §; is the probability to not exit exogenously in a given period and
tje,1 is the expectation of the per period meeting rate after one meeting in ¢ periods. So d;¢1 equals
the probability to not exit exogenously and to meet in period ¢ + 1 (according to beliefs based on ¢
signals) or to not meet in period ¢ + 1 (this is the term in the product) and to not exit exogenously
and meet in period ¢+ 2 and so forth. The crucial points are that 1) d;; 1 depends on the future path
of beliefs and 2) under FTE d; ;1 is exogenously determined by the parameters and the information
structure.

g5t is analogous and equals the expected number of periods the participant expects to pay c;
before exiting for any reason. 7T; — 1 the final period in which participants can be matched before

deciding to quit instead of paying the search cost.

Remark:

1. Note that d;;; differs from d; 1,1 only to the extent that u;,; differ from p; 411 for all
7 ={t,t+1,...}. The same is true for the extent that g, differs from g;;11,1. Note also that
Vien = Vg1 = (dje1 — djg1,1) -5 — (961 — gj+1,1) - ¢ So the difference between Vj ;1
and Vj ;41,1 also comes down to the difference between 1 -1 and g -11,1. Therefore, assuming a
larger k reduces the difference between 11 -1 and 1 r41.1 (which is a special case of A1), it also
reduces the differences between V; ;1 and Vj¢11,1. Recall that k reducing the difference between

continuation values is the key for the existence of a full trade equilibrium.

2. Note that (1 ¢—1,m > j¢,m, Yt > 0,Vm: an agent’s posterior mean matching probability is lower
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after not matching in an additional period.

4.5.2 Before paying the search cost

Now suppose an agent did not match in period ¢ and is now in period ¢ 4+ 1 but before matching is

announced. Therefore, this agent has type (¢,0).

Vio = —¢i+ o uj+ (1= pj00) Vi (3)

=6 (dj0 - uj — 9500 - ¢5) (4)

Where dj ;0,950 are defined analogously to the case inside the meeting. There are only two
differences between V7, ; and Vj ;1. First, there is the absence of a successful matching attempt.
Second, the agent has already survived the exogenous exit shock at the end of his period ¢ in the

market.

4.6 'Weak Prior Mean Neutrality of k
I now introduce a further assumption that is used to simplify some of following proofs.

A3 Define 7* such that for ky < k1 < 00, pj0.0(7*, ko) = pj,00(7*, k1). I assume there exists a

constant 7 > 0 such that if |7g — 7*| <7 then
1. ,Uj,t,O(k'O) < ,Uj,t,O(/fl) for all ¢, j
2. ,Uj,l,l(ko) > ,uj,l,l(kl) for all j

To understand this assumption, note that the realized signal might not be prior neutral, in the sense
that making the signal more informative, makes one side’s prior mean higher and the other side’s prior
mean lower. In such a case, k has two effects on 1 ;,,: 1) through slower learning due to Al and 2)
due to the change in the prior. A3 is meant to specify conditions, such that the first effect dominates.
Therefore, when all the signals are negative, p is increasing in k& and when the only signal is positive,

 is decreasing in k. This assumption holds for fy (x| X, n(k)) ~ Beta(yk, zk).

Implication: Because d;; o is increasing and g;0 is decreasing in the sequence p;,41,1 for 7 =

{t,t+1,..}, A3 implies that if |mg — 7*| <7 then V, ;(ko) < V[ o(k1).
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4.7 A Summary of Intermediate Results
A few intermediate results are useful to keep in mind:

1. 0541 =r_;1,1. The only offer strategy that supports equilibrium is one which targets the most

optimistic agents on the other side.

2. Wjtm > Mitr1,m: An agent’s posterior mean matching probability is lower after not matching in
an additional period. This implies that the belief path of an agent is declining (sampled at the

same stage of consecutive periods).

3. If ¢; > 0, agents with enough negative signals will quit. Denote this threshold

T; = min{t|Vj‘ft70 < 0}
16

4. If |mg — 7| <7 then V£, o(ko) < V5, o(k1)

5. If |mo — 7*| <7 and pj,m is differentiable with respect to k then %uj,l’l <0

5 Comparative Statics

5.1 Price Dispersion

Proposition 2 provides sufficient conditions for higher & causing higher price dispersion. After stating
the proposition, I provide an intuitive explanation before stating the formal proof.

I define price dispersion as the difference between the two equilibrium transaction prices: PD =
rB,1,1 —7s,1,1 > 0. The fact that finding another partner is not guaranteed dictates that the offerer has
some market power. This market power ensures that surplus is not split evenly in any given meeting

which explains why PD > 0 (otherwise we would have rp 1,1 =rg1,1). See Appendix B for details.

5.1.1 Proposition 2
1. If for all j = {B, S} and for all tenures [ = {1,2,...}, %,uj’l,l exist and %/‘j,l,l < 0o, and

2. grijna <0

16 This is directly implied by A2
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There exists (3%, 03) such that for all dg € (0,0%) and all 65 € (0,6};), we have that:

0
%PD>O

5.1.2 Intuition

Note that agents with history (1,1) have observed one favorable signal in one attempt so that their
beliefs are high relative to the public signal. Second, recall that a higher k weakens the effect of
private signals, which acts to make agents with a history of (1,1) less optimistic when & is higher.
Next, recall that when sellers are less optimistic, they are willing to accept lower prices so that rg 1,1 |
while buyers, when they are less optimistic, are willing to pay more rp 1,1 1. This is because optimism
and pessimism here refer to prospects from continued search. When such prospects appear worse, this
increases the incentive to trade quickly. When rg 1 | and rp 11 1, the difference between the two
prices increases so that price dispersion increases. I call this the "present" effect.

However, k has another effect on reservation prices because it makes future beliefs, conditional on
being in the market, better. In PBE, agents take this into account. This causes rs1,1 T and rp 1,1 |
which counteracts the "present" effect. I call this the "future" effect. In principle, either effect could
dominate. Which ends up dominating depends on the probability of being in the market long enough
to enjoy the (perceived) better future prospects. This in turn depends on §; and ;¢ for t > 1. If
d; is not very high, exogenous exit is likely, so the future is not long enough and the "present" effect
dominates. The proof below formalizes this idea. I note below that under further assumptions, one
can show that the requirement that d; is not too large places only a mild restriction on the allowable
range of J;.

Another approach to prove the same thing is to note that if 115+ 1 is not too low, matching is likely,
so that again the future is not long enough and the "present" effect dominates. I do not pursue this

approach because it requires less transparent conditions.

5.1.3 Proof

In FTE price dispersion equals rp 1,1 — 7s,1,1, S0 that:

0 %ds,m(l —dpi11)?+ %dB,m(l —dg11)?

—PD = -2
ok [ (2—dp11—dsi,1)?

]
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(see Appendix D for a derivation of the above expression. This proof assumes cg = ¢g = 0 for ease of
notation. A proof with ¢; > 0 is analogous.)

Note: dj1,1 € (0,1) because it is the probability assigned by type (j,1,1) to meeting before she
exits exogenously or quits.

This implies that if Sign[Zds11] = Sign[Zdp,11] then ZPD = —Sign[Zds 1], because all
other terms in %PD are positive.

So I focus on the signs of %d&l,l, %dg,m. One can verify that:

9
ok

9 = 5} _
ding =0 5rpia1- (L—djzn)] +{>_ - FRHiLL 21 (1 = pyin) - (1= djagan)}
=2

Ok

Note that when % /i;11 < 0 as assumed, the term in [] is negative. Now note that 21— pj01)
and (1—d;;41,1) are bounded between (0,1) for all [ and that ¢ has a minimal exponent of 2. Therefore,
the term in {} goes to zero faster than the term in [].

Therefore, %uj,m < 0, 35}‘ 1 V8, € (0, 5}‘), %dj,l,l < 0, which implies that 3(6%,d5) : Vog €
(0,6%),Yop € (0,05),
0

—PD
ok >0

QED

If one assumes that fy (z|X,7(k)) ~ Beta(yk, zk), one can verify that 07 can be quite high and
often above 0.99. The main reason is that TT'Z} (1 — ;1) turns out to be quite small. This is because
it starts from p; 1,1, which, for priors that are not too skewed, is quit large. For example, for the
uniform prior, p;11 = % ttj.5,1 for higher i’s decline rather slowly even for a dispersed prior like the

uniform.

5.1.4 Conditions

Proposition 2 is stated in terms of endogenous quantities for ease of presentation and because this is
the most general statement available. I now clarify what these conditions require.
Condition 1 has two components. One is the existence of a derivative of 1, ;1 with respect to k and
the second is that this derivative is bounded from above. Recalling that ;1 = fol wj(z) fy (x| X, n(k),t,1)dx,
the first part holds whenever a%fy(:c\X, w(k),t,1) and a%wj (x) exist. %wj (2) exists whenever Vi, o <

0 and ijTj_LO > 0 so that a small change in k does not affect quitting decisions. In such a case,
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%wj(:r) = 0. a% fy (x| X, 7(k),t,1) exists for appropriately chosen information structures. For ex-
ample, one can verify that if fy (z|X,n(k)) ~ Beta(yk, zk), then a%fy(ﬂX,ﬂ(k),t, 1) exists and is
bounded, which also takes care of the second part of condition 1.

Regarding condition 2, from assumption A3 it holds whenever |7y — 7*| < 7. Otherwise, we can
have %Hj,l,l > 0 on one side. This complicates the proof but should not change the conclusion.
Suppose this is the case for buyers so, Tk =1 up 1,1 =) (1 —Vp,1,1) =7p,1,1. In such cases, the effect
on fi5,1,1 is increased for the same reason so that Tk =] ps 1,1 =1l Vs1,1 = rs,1,1 so it is reasonable

to expect that price dispersion is still increasing with k.

5.1.5 Prior Precision and Price Dispersion

Several existing models allow one to study the effects of the precision of the prior on transaction
price dispersion. These include Burdett and Vishwanath (1988), Anenberg (2016) and Glaeser and
Nathanson (2017). In all three, a more precise prior reduces the dispersion in beliefs caused by private
information. Lower dispersion in beliefs translates into lower dispersion in transaction prices. The
exact details differ slightly, but all three share the feature that only one side of the market faces

meaningful uncertainty and makes strategic decisions.!”

Proposition 2.1 If
1. Tg(k1) = Tp(ko).
2. Only buyers make offers.
3. An offer must equal an agent’s true reservation price op 1 =7rpt1.
4. Sellers always accept.

Then the dispersion of transaction prices is lower under k; compared with k.

That proposition 2.1 holds is immediate from assumption Al. The above proposition also holds
if the roles of buyers and sellers are reversed. In the present setting, higher k (more precise prior)
reduces the dispersion in beliefs, just as in the works cited above. This effect is unambiguous on

the intensive margin by assumption Al. The range of beliefs can increase if a higher k also causes

17This brings to mind the famous Rothschild (1974) critique of early search models that did not model the side making
the bids. I should note that none of those three papers analyzes the effects of the prior precision on price dispersion. I
was able to verify that my claim about Glaeser and Nathanson (2017) holds only when changed their model slightly by
assuming demand follows a random walk and that time is discrete.
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postponed quitting. However, because the threshold k’s for postponed quitting (k*) are discrete, for
any given ko, one can always find k; such that kg < k1 < k*. Therefore, when the present setting is
reduced to a one sided version by letting only buyers offer and forcing their bids to either equal their
true valuations (as in Glaeser and Nathanson, 2017), price dispersion in transaction prices decreases
with public information (if public information does not change quitting decisions).

Proposition 2 shows that different conclusions may be reached in a two sided uncertainty, strategic
bargaining setting. FTE shuts down the transmission of within side belief dispersion to transaction
price dispersion which highlights the impact of public information on dispersion between buyers and

sellers on the bargaining margin.

5.1.6 Market Makers

Market makers are market participants that act both as buyers and as sellers at the same time and on
a large scale. They have long been a feature of financial markets. A recent study (Buchak et al, 2020)
views iBuyers as playing a similar role in the housing market. In this section, I introduce them into
the current model to help illustrate the relation between the above price dispersion result (Proposition
2) and existing results concerning the bid-ask spread. In particular, I show that the bid-ask spread
decreases with public information, corroborative the result of Glosten and Milgrom (1985) in a new
setting. I also show that when the probability of meeting a market maker is not too large, total price
variance may still increase with public information.

Duffie et al (2005) present a model of a market where participants (buyers and sellers) randomly
meet with each other and with market makers. The market makers are assumed to have no holding
costs or inventory risk so they are concerned only with maximizing profits from each meeting. This
conception of market markers is particularly relevant to decentralized markets.

Now suppose that market makers as in Duffie et al (2005) are introduced into the present model
so that with some known probability p > 0, a participant encounters a market maker. I am assuming
this event is realized after entry and quitting but before meetings between buyers and sellers (between
stage 2 and 3 in the order of events). The market maker faces a similar trade-off to other participants
about whether to make an offer everyone accepts or a riskier offer. Because it has unlimited inventory,
its only concern is to choose the bid that maximizes immediate profits. Therefore, if k is not too small
so that heterogeneity is not too large, it is optimal for the market market to make the offer everyone

would accept. I assume k is small enough both for the above and for FTE to be the unique perfect
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Bayesian equilibrium.!'®

Proposition 2.2
1. If market makers are introduced, they offer to trade ;0,0 when facing a an agent of type (j,t,0).

2. If in addition |my — 7*| < 7, then the bid-ask spread rp 00 — rs,0,0 is smaller for k; compared

with kg for all kg < k1 < oo.

3. If in addition, p is not too large and the conditions of Proposition 2 hold, then the variance of

transaction prices is increasing in k.

Proof: Consider a meeting between a market marker and a seller. Because the probability of meeting
a market marker is known, this event does not provide information about the state of the world to the
seller. Because we are in FTE, it must be the case that the seller has never met a buyer. Therefore,
the most optimistic seller has a history (0,0). The market marker maximizes its profit by offering
rs,0,0 (this is conditional on k not too small as explained above) and the seller accepts regardless of
her true history (because all sellers in the market at this stage have reservations weakly below 759 0).
A meeting between a market marker and a buyer is analogous.

Therefore, with market makers, the equilibrium price distribution has 4 mass points: two from
meetings including market makers and two from meetings between buyers and sellers. These are:
75,0,0,75,1,1,7B,1,1 and rpoo. Note that rg1,1 > rg0,0 because rg 1, is based on 1 positive and 0
negative signals. rp 1.1 < rp,0,0 for the same reason. Therefore, we get 7500 < rg,1,1 <7B,1,1 < TB,0,0-

Now, compare two markets that are identical except for a difference in k& with kg < k1 < co. From
assumption A3, if |mg — 7% < 7 then ;. 0(k1) > pj+,0(ko), which implies djo,0(k1) > dj0,0(ko) and
gj.0,0(k1) < gj,0,0(ko) so that Vj o o(ki) > Vjo,0(ko). The latter in turn implies rg0,0(k1) > 73,0,0(ko)
and rgo0(k1) < rBoo(ko) (recall that rg ;. = 1 — Vgym). Therefore, rp0,0(k1) — 7s00(k1) <
rB,0.0(ko) — 75,0,0(ko) so that the price range is decreasing in k. At the same time, it is still the case
that for p small enough, the proof of %(TB,M —17g,1,1) > 0 is essentially unchanged. Small enough
p also guarantees that the prices rg0,0,7p5,00 are rare relative to rp1,1,75,1,1 so that the effect of
%(TBJJ —rg,1,1) > 0 dominates. In this case, higher k causes higher price variance but a lower price

range.

18For the purpose of the arguments that follow, p can be thought of as being arbitrarily close to 0 so that all the
arguments for existence and uniqueness of FTE are essentially unchanged. However, there is not reason to suppose a
larger p would invalidate those results, only that it might make them more difficult to derive.
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QED

5.2 Welfare

Improved public information may affect welfare through its effect on quitting decisions. Postponed
quitting increases the total population. Increased population must increase total search costs which
reduces total welfare, but may also increase total matches which increases total welfare. The sign of
the total effect on welfare depends on the relative size of these two effects. I focus here on the cases
where participation is objectively beneficial for both buyers and sellers (w;u; > ¢;,Vj) and where both
sides in fact participate under the two levels of k that I examine. I discuss other cases later on.

The net surplus generated by this market in each period is given by

W = M(Ns,Np) — Ns-cs — Np-cp (5)

Where N; = ZtTio N; ¢ and Nj 4 is the mass of agents of type (j,t) after entry and quitting decisions
but before meetings are determined.'® M (,) is the aggregate matching function which determines the
mass of meetings given masses of agents.

Equation (5) captures the idea that each meeting in FTE generates 1 unit of gross surplus and
that total net surplus equals the number of meetings (technically, the mass of meetings) minus total
search costs paid by all participants. Therefore, if kg < k1, the effect of public information on welfare

is given by:

AW =W (ki) = W(ko) =AM + Y AN, ¢ (6)
je{s,B}

Where AM = M(Ng(k1), Ng(k1)) — M(Ns(ko), Ng(ko)) and AN; = N; (k1) — N;(ko).

First, note that in FTE k affects aggregate matches M only through the populations IV;. Second,
the term AN; can be decomposed into two effects: 1) is the primary (marginal) effect which changes
population by eliminating or adding types of agents who participate in the market by changing the
quitting period T (denoted by A{Nj) and 2) the secondary (infra-marginal) effect which changes

population by changing the probability of reaching a given tenure which is caused by changing the per

19T am omitting the subscript m without loss of generality because quitting decisions are made before matching is
announced so that in FTE, at this stage, m = 0 for all agents.
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period matching rate (denoted by AsN;). So that AN; = Ay N; + AgN;. This implies that A Nj is
the sole primary effect in AW because both the effect on AM and on Ay N; operate are secondary
and operate only through A;Nj.

Define the model set, M; which includes a particular choice for state space X, realized public
signal g, matching function M(Ng, Np), buyer entry rate function Npo(z) and parameter vector
(Ns0,¢B,cs,0B,0g, ki). For each M, one can directly calculate the full trade equilibrium value function
Vj.+,m and by doing so find T} (k) as described in 4.5. The mapping from M, to T} (k;) is not particularly
informative so I work directly with T;(k;) by studying separately the different directions in which T (k)
can be affected by k.

In what follows, I focus on the cases where the effect of k£ on 7Tj is non-negative, which is always
the case when |mg — 7*| < 7. This clarifies the analysis and the resulting insights can also be applied
to the other cases without much modification. This implies that AT; = T;(k1) — T;(ko) > 0 and so

AiN; = ZtTi%kl) Nj— ,fTiE)ko) Nj+ > 0. Therefore, we need to consider consider four cases:
1. ATs =ATp =0
2. ATg=ATp >0
3. ATg > ATs =0
4. ATg > ATp =0

In what follows I consider the cases where if the market is unbalanced so that Ngo # Npo(x) then
Ngo > Npo(z) so it is a buyer’s market. As will be made clear, in terms of the welfare effects of k,
buyers and sellers are interchangeable, but it matters whether T' increases on the short or on the long

side of the market.

Proposition 3
1. If ATg = ATg =0, then AW =0
2. If (ATs = ATg >0 or AT > ATg =0) and w,;(k1) > w;(ko) Vj, then AW >0
3. ATg > ATg =0 and AM <0, then AW <0

The proof proceeds on a case by case basis
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5.2.1 Casel

If ATs = ATg = 0 then AN; = 0 which implies that AW = 0. This occurs when on both sides
V}fTwO(lco) < T/']-ij70(k1) < 0. The first inequality is always true because 7T} negative signals have a
weaker effect on the posterior for higher k. The second inequality can occur when the increase in k
from ko to k; is insufficient to tip VjcyTj’O(k) over the zero threshold. Whether this is or is not the

case depends on the choice of Mg, M;. For a given kg, there always exists k; sufficiently large so that

T;(k1) > Tj(ko) for all j. In what follows, I focus on such choices of ko, k1.

5.2.2 Cases 2 and 3

Suppose ATs = ATp > 0 and matching chances are unchanged so that A1 N; > 0 for both j = {B, S}.
In this case, AW > 0 whenever w;u; > ¢; for both j = {B, S}. To see why, note that in this case there
is no externality and the only agents affected are those that postpone their exit. From an objective
perspective, reflected by w; in the above term, participation in a single round is beneficial whenever
the expected benefit exceeds the search cost.

The above also implies that if matching chances increase on both sides, AW > 0 as well. If matching
chances increase on one side but decrease on the other, Sign{AW} will depend on the relative sizes
of the parameters including the elasticity of the matching function w.r.t population.

As an example of a case where quitting is postponed and matching chances do not decrease on either
side, one may consider a scenario where the effect of postponed quitting on population is symmetric
(ANg = ANpg) and the matching function has non-decreasing returns to scale (non-DRS). ANg =
ANp occurs for example when Ngo = Np o, ¢s = ¢p,ds = 0g. Note that these conditions are not
necessary for the above but only sufficient. Also, if matching is DRS, then Sign{AW?} depends on the
relative strength of DRS and the objective benefit from search.

If AT > ATs = 0 this implies that the primary effect is to increase population on the short side but
not on the long side. This tends to increase long side matching rate more than it decreases short side
matching chances. An especially clear cut example is the Leontief matching function My, (Ng, Np) =
A-Min{Ng, Np}, where short side matching chances do not decrease at all and the number of matches

increases proportionately with short side population.
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5.2.3 Case 4

Suppose ATg > ATp = 0 so that population increases only on the long side. This is the reverse of
case 3, but here the Leontief matching function implies that total matches do not increase at all, so
the only effect of increased population is increased congestion. More generally, if no extra matches are

generated by the increased population, welfare must decline.

5.2.4 Remarks

1. k£ may also affect entry decisions. Entering agents are all ex-ante identical except for their role
(buyer or seller), so the initial entry decision of paying the first search cost is the same for everyone
on each side. From an objective standpoint, entry is beneficial whenever w;(z)u; —¢; > 0. Since
agents do not observe z, they choose to pay the first search cost whenever 1 o.0(mo, k)u; —c; > 0.
A market exists only if p150,0(m0, k)us —cg > 0 and pp 0,0(m0, k)up —cp > 0. Increasing k can
reduce f1g,0,0 OF f45,0,0 Which can eliminate the market. This can occur regardless Sign{w;(z)u; —
¢;} on both sides. Note that because 7 is an unbiased signal of x, E[u;0,0(m0, k)] = w;(x) so a
larger k does not increase or decrease the accuracy of beliefs (prior to learning) or the probability

of participation.

2. Proposition 3 is reflected in observed search durations. To simplify the discussion, I am again
assuming that participation is objectively beneficial and the market exists under both ky and
k1. First, note that maximal search durations are higher whenever quitting occurs later (by
definition). Second, whenever later quitting results in a larger population on side j, this implies
longer average time on the market on side j. This is because entry is unaffected by k so a
higher population must result from reduced exit and thus longer average time on the market.
Therefore, if k results in longer maximal search durations and no longer average search duration,
this implies that matching rates increased, which implies welfare has increased. The above implies
that statistics of search durations can be used to infer the welfare effects of public information
by a partially informed social planner. In particular, if a higher k is not associated with higher
average search durations on either side, its effect on welfare is non-negative. If, in addition, higher
k results in higher maximal search durations, it’s effect must be welfare improving. This insight
is especially important in the housing market where search durations can often be measured with

reasonable accuracy only in the events where the search yielded a successful transaction.
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6 Conclusion

I study how public information and sequential learning interact in the context of a bilateral market.
A richer state space compared with similar previous studies allows me to perform comparative statics
with respect to the precision of public information. I provide general conditions for a declining belief
path during search and study a large class of economies where public information mitigates this decline.
This has implications for premature quitting, declining reservation prices and search durations. More
importantly, I characterize a novel mechanism through which public information improves or diminishes
welfare. Furthermore, allowing for two sided uncertainty and hidden continuation values provides new
insights about the effects of public information on price dispersion.

Further research should proceed along two avenues: First, sequential learning and public informa-
tion about uncertain market conditions should be embedded in other market structures than the one
treated here. Second, the predictions of this model for price dispersion, search durations and declining

reservation prices should be tested empirically.
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A Continuation Value

If bargaining breaks down for an agent of type (j,t,1), she has a probability §; of not exiting at the
end of the period. Assuming ¢ < T; — 1 so that the agent will choose to continue, she will pay c;, and
then have a probability of 11,1 to exit with utility u; and a probability (1 — u, 1) to continue to the

next period where her expected utility will be Vj ;41 1:

Vit = 0wy +6;(1 = prje1) - Vier11 — 65 ¢

This is true for all ¢, in particular, for ¢ + 1:

Vitt1,1 = 65 e41,15 + 05 (1 — prje41,1) - Vieran — 05 - ¢5

Therefore, by repeatedly substituting Vj 41,1, Vj 42,1, ... one can obtain:

Vi = 0w +05(1 — prje1) - 0jfhge41,11;
+6;(1 = pje1) - 05 (1 = prje41,1) - 045 042,1;
=05 ¢; =05 (1= pje) 65 ¢ — (1 — pge1) - 05(1 = pjet1,1) - 65 - ¢

+ 05 (1 — 1) - 65(1 — pyeg1,1) - 65 (1 — pj401) - Viersn
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Vit = 0;(pj 1w — ) + 63 (1 — 1) (1,041,105 — ¢5)
+ 03 (1= ) (1= pgea1,1) (Bgr20u) — ¢5)

+ 851 = pje ) (1= pe10) (L= prje42.1) - Vyiersa
3 t+s—2

= 0;(uje1uj — ) + Z 08 TT (0= o) (jrs—r0w5 = ¢5) + 63 Vieraa

i=t
T;—t t4+s—2

=0 (1jeauj — ) + Z 68 TT (0= i) (yess—111; — )

i=t
Tj—t  t+s—2
(05500 + Z 0 T = mya)mers—raly
i=t

Tj—t  t4+s5—2

—[6; + 255 I @ = min)le
1=t

G (L) i (T3, T-5) — gje1(T5) - ¢

Note that 679 Vi t+(T;—t+1),1 is dropped after T; is introduced because the agent exits at the start

of period T}, so from then on her continuation utility is zero.

B Prices

Now note that in a full trade equilibrium:

1
us = 57“3,1 + 57“3,1
1 1
up = 5(1=rp1) +5(1-rs1)

Also,

rs1 = Vsi,1

rg1=1—-VB11
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Therefore, we can write:2°

1 1
Vsi11=ds11- 5[7"3,1 +rs1] =dsi- 5[1 —VB11+ Vs,1)

1
VBi1=dpa- 5[2 —rg1—7s1]=dp11-=[1+Ve11—Vs11]

DO =

So we have 2 equations and 2 unknowns (Vs1,1,Vs,1,1) so we can solve for them in terms of

ds1,1,dB,1,1

1_
Ve — ds11(1—dp11)

)

2—dpi1—dsi

dpi11(1—dsq11)

Vei1=
’ 2—dpi1—dsi
Therefore,
ds11(1—dp11)
rsa =
2—dpi1—dsi
d 1—-d
ey —1— B,1,1( $,1,1)

2—dpi1—dsi

And note that

dp11(1—dsi1,1) S ds11(1—dp11)

TB,1 >TS1 < 1-—
2—dpi11—dsii  2—dpi1—dsia

< 1—dpi1—dsi1+dpi,1dsi,0 >0

is always true because d;j 1,1 € (0,1)

This also gives us

_ l(dBJJ +dsi1— 2ds,1,1dB,1,1)

us
2 2—dpi1—dsi,1

20T am assuming cj = 0, the derivation in case c; > 0 is analogous.
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1 dpi,1+dsii—2dsi1dB,i1

}

2—dpi11—dsi,1

And that any continuation value Vg, can be written as only a function of dp ¢ m, ds t,m:

VBtm =dB,tm - uB

1 dpiai+dsaig— 2ds,1,1d3,1,1)

— dp i (2
B, 2( 2—dpi11—dsi,1

Vet = ds,t,m%(dB’l’l +ds1,1 —2ds1,1dB,11

2—dp1y—dsi

A similar result can be obtained in the same way for the case with ¢; > 0.

C Steady State

N; (z;1) is the number of agents with role j = {B, S} and tenure ¢t = {0,1,2,....} in period [ under
state x.

I am assuming that the entry rates N;o(z), are large enough so that the residual population in all
tenures N; . (z;1) is large enough so that the law of large numbers applies. In particular: if each agent
in Nj(x;1) experiences some event with probability ¢ in each period, then in each period the number
of agents in N;(x;l) that experience this event equals 0 - N ;(z;1). If she finds it more convenient,
the reader may suppose that N; (z) is the mass of a continuum of agents.

Claim: For any initial stocks of agents Nj ;(x;1) > 0: limp oo Nji(2;1 +n) = Nj ()

Proof:

In period 1, we have entry of Ng o(z), Np o(z), and this is the entire population. Then, M (Ngo(x), Ngo(z)) =
p1 pairs are formed. Then out of the remaining buyers and sellers, a fraction 1 — § exits exogenously
so that tenure 1 seller population at the start of period 2 is: N;1(z;2) = 6(Nj,0(x) — p1)-

In period 2, M (Ns(z;2), Ng(z;2)) = p2, where N;(z;1) = Y72, Nj(x;1)*'. Part of them come

from tenure 0 and part from tenure 1. So tenure 1 population in period 3 is: Nj1(x;3) = 6(V;0(x) —

21T am assuming here that cj = 0 so that there is no quitting. I relax this assumption later on.
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D2 ]1:,[; (‘;(?)) because tenure 1 is populated by everyone from tenure 0 who hasn’t exited exogenously or

matched and po xj (‘;(g is the number of meetings in period 2 that were drawn from tenure 0.
. N;q(z;2
Similarly: N;o(z;3) = 6(N;1(x;2) — po ]\3,;(5;62))).

Suppose that we are in a period [ large enough so that all tenures are populated. Then

Nj,t,l(sc; l))
Nj(@;1)

)

Nj (214 1) = 6(Nj—1(2;1) — py

=0N;—1(z; 1)1 —py N; @)

So that

Nj(z;l) = ZNj,t(x; l)

t=0

> 1
= ON;i—1(x;l = 1)1 —po1———=)
; -t 1Nj(ac;l—l)

o0

1 1

= 8N, ,_ dA-2)1-p-———-—---)1 —pg——

; a-a(@3l = 2)(1 = pioy ) (1 = Proa )

o0 . S 1
frng Zé Nj)tfs(x,l _S) H(l _plfrm)

t=0 r=0

0o (t—1) 1

=Njo(z) » o Q-—pr———)

ol 2 0 0=

The next to last line holds for any s € {0,1,2,...,t — 1}, so that for s =t — 1, we get the last line.

Steady state implies that N, (x;1) = N;(x;1+1) for all [, ¢, j, which leads to N, (z;1+1) = N;(z;1)
and pi41 = p;. Also, if we have N;(x;1 4+ 1) = N;(x;1), we get that pjy1 = py, and then Ng(z;1) =
Ng(x;14+ 1) = Ng,(z). So a stable total population in both roles yields a stable population in each
type.

Suppose Ng(z;1+ 1) — Ng(z;1) > 0, what does this imply for Ng(x;1 + 2) — Ng(x;1 + 1)? More

sellers in period [ + 1, implies a lower finding rate for sellers in that period st();;llJrl) < NS?’“), SO a

higher fraction of sellers go on to [ + 2, so the difference between sellers in [ + 2 and sellers in [ + 1
is smaller than it was in the previous period: Ng(z;l+ 1) — Ng(x;1) > Ng(x;1+2) — Ng(x;1 + 1).
This will continue until the populations converge. The same process occurs for buyers. Therefore,
after sufficiently many periods, N;(z;!), p; becomes independent of [. So N;(x;! + 1) also becomes
independent of [.

So
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- o 1
Nj(z) = ; Njt(z) = ;‘SNN‘I(Q’")(I _pNj(x))
- LIS
- ij(a:);fs (1 *PW) 1
= Njo(z) Z‘St_l(l — wj (@)
t=0
1
= N5
p _ M(Ns(z),Np(x))

Where we define w;(x) =

Nj (@) Nj(z)

QED.
If agents of role j choose to exit at the start of tenure 7}, nothing changes except that the tenure,

for the purpose of calculating meeting rates becomes limited by 7; — 1. In this case,

;-1
N](I) _ NLO(I) Z 5t71(1 — w]'(:[j))tfl
t=0
1—[6(1 —wj (@)
jo@)[—— §(1—wj(z))

Introducing Market Makers (MMs) who meet with traders at a known rate of p and who make

offers that are acceptable to every agent they meet, causes tenure ¢ population to be:

(1 = p)Nj—1(z;1)

Nj,t(fﬂ; l + 1) = 5(Nj,t71(1'; l) — pNjﬁtfl(lL'; Z) — DI (1 — p)N(x l)
I\

)

1

=0Nj—1(z;1)(1—p—pi Nj(z;1)

)

To understand the first line, note that N;.(z;! + 1) is made up of all agents who in period !
were in N, ,_1(x;!) and haven’t exited. (1 — 0)N,;—1(x;!) have exited exogenously. Of the remaining

ON;—1(x;1), a fraction p exited due to trade with MMs. And an additional p; have exited in all

Nje—1(z3l)

tenures, —5- €)
J )

of whom were from N;;_4(x;1).

Therefore the final population is
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7,1 X
Nj(z) = Njo(x) Z S 1 —p—p—)tt

— Nj(z)
= Njo(x) > 6711 = p—wj(z)™
t=0

L= [3(1 = p— wy(a)))

= Niol@) 1-0(1—p—wj(x))

D dPD/dk

Recall from appendix B that:??

21—-dp11—dsi1+dp11dsi,1)

B,1,1 —TS1,1 =
’ 2—dpi11—dsi,

Therefore:

220nce again, this is assuming cj = 0, the derivation for c; > 0 is analogous
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ok

(rB,a1—7rsa)

) a 9 o
2(—wpdB11 — 5rds11 + gpdB11dsin +deagpds,)

2—dpi11—dsi,1

3 [_gdB s st ) 1]2(1 —dp11—dsi1+dpi11dsi)
ok 7 ok 77 [2—dpi11—dsi1]?
B 2(—3%613,1,1 — %ds,l,l + %dB,l,ldS,l,l + dB,1,1a%dS,1,1)(2 —dpa1—dsnn)
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E Equilibrium

Definitions and Uniqueness

Define I = [I'1, I'3, ...] to be the set of all perfect Bayesian steady state pure strategy reservation price

(candidate) equilibria without full trade in this model. To clarify, these are all the equilibria where the

stocks of the various types are fixed over time, where agents do not randomize their offer or response

strategies, where response choices are made according to the reservation prices, where all strategies

are sequentially rational given beliefs and where beliefs are sequentially rational given strategies and

signals.

In every such equilibrium, an agent of role j = {B, S} and history h, for all h, makes an offer that

does not depend on who she is meeting (because she cannot distinguish between them). This offer is
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equal to the reservation price of some type (—j, h’'). To see why, first note that I am assuming that
such offers are accepted by such type (—j,h'). By the definition of reservation prices, they are also
accepted by all types with lower continuation values than type (—j, h'). Whenever the offer does not
equal the reservation price of any type, there exists an offer that is strictly better for the offerer if it
is accepted and has an equal probability of being accepted.

Define Q) to be the set of all histories such that in equilibrium 4, there is a strictly positive
probability of meeting an agent with such history. Because matching is random, the following definition
is adaquate: Q4 = {(j, h)\N;f,)L/Nj(i) > 0}, where Nj(l,z is the number of agents of type (j,h) in
equilibrium ¢ and NV ;i) => Nj(l})L

In each T;, there exists at least one type (4, ho) whose equilibrium path offer is such that some
agent on the other side rejects it. This offer is equal to the reservation price of type (—j,h'). h' is
different from the history H which yields the highest continuation value for agents of role —j of all
histories in Q. Formally: o, = r—jn # 7—j u, Where V_(ZJ)H > Vii),h,Vh € Q. Otherwise, I'; is a full
trade equilibrium.

If T'; is an equilibrium, then Rﬁ/ AE ;l, > 1, where Rgll)l, = 1_V(1) 5 Vﬂ(()ho res(h) >, A; 2}, =

- <> o0
1=V25 =%V hg reiny)

Prgfo) (acclh’) < 1. Ry,)l, is the benefit of type (4, ho) from offering r_; (whlch is the equilibrium offer

in I';) divided by the benefit to the same type from deviating to offering r_; g, which ensures the offer

is accepted. v i (hosrei(h)) is the continuation value after an agent with history hg, offers r_; ;/ and is

rejected. Ag- 21, is the subjective probability that type (j, ho) assigns to the event that the offer r_j;

is accepted in the candidate equilibrium.??

I am assuming that k 1 causes slower learning and k£ — oo causes no learning. This implies
that the difference in valuations between two agents with different histories on the same side declines
with k. Thus, the benefit from non deviation diminishes (%R;g/ < 0) and converges to 1 for large
enough k (limkﬁooR( = = 1), while the utility cost of making an offer that some types would reject
remains strictly positive. To see why 7 9 R( h < 0 and limkﬂooR;?l, = 1, note that the only reason
agents of role j are different in this model from each other is that their different history has induced
them to have different beliefs. k governs the extent to which this differentiation occurs. If kK — oo,
the V9, — v

i =0 for any two histories h,h’ because when agents have identical beliefs, their

continuation values are identical. Similarly, at any level of k, increasing k causes V( ~ho V_(ij) n 0

23These terms come from the non deviation condition: 1 — V(i) < (1 - VE? /) - Pr( )(acc|h’) + (1 -

@) @)
Prig(acelk))83Vy Gy rejnryy Bjhs

(s
v, >vl vhea.

> 1 is because otherwise V( )h’ > V() > contradicting the assumption that
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diminish.

At the same time, as long as an agent (j, hg) believes there is a positive measure of agents of type
(=7, H) (which is assured because H was chosen from ), A;l;ﬂ = Pr,(fo) (acclh’) < 1.

Therefore there exists k() large enough such that Vk > k(") = Rgl,)l, : A;’ZL, <1 =T, is not an
equilibrium.

Note that I am ignoring types with N j(z]i /N J@ = 0. If the type space was continuous (if time was
continuous for example), it would be more difficult to prove A%, = Pré?(acdh’ ) < 1. One would
have to rule out equilibria with only infinitesimal measures of agents who reject equilibrium offers.
However, the following underlying logic should still guarantee some area of uniqueness: as k becomes
arbitrarily large, agents becomes arbitrarily similar. A;Z;L, is converging with k, but it is converging
not to 1 but to the probability of acceptance assigned by an agent with the null history. However close
this value is to 1, it should be possible to find k large enough such that Ryzl, : Agz,)l, < 1. On the other

hand, if Ag.fl)l, =1, then the equilibrium in question is indistinguishable from FTE.

Existence of FTE

Now, consider the conditions for existence of FTE: that no type (j, h) prefers to deviate from offering
r—; m**. In such case, by the definition of r_; g as the reservation price of the counterpart type with
the highest continuation value, no deviation to rejecting such an offer is strictly welfare improving. It

remains to consider deviations in the offer. The condition for non deviation in the offer is familiar:
17V(FTE)76V(FTE)
—i.n "%V (hgrei(h)) (FTE) _ p, (FTE) ’
SFTE >1, Aj’h, = Pry, ="’ (acc|h’). Note
J.(ho rei(h')
that now the required sign is reversed because now the equilibrium strategy is offering r_; y which is

RV AT <1, where RV = S
always accepted. To rule out a deviation in the offer, the condition should hold for any pair of histories
ho, h', the first of the offerer and the second of the receiver. Once again, by increasing k, Rﬁ-i,TE) can be
made arbitrarily close to 1, while A;f;fE) remains strictly below 1 because I am considering deviations
to offers that are rejected by at least one type that one meets with a strictly positive probability.

So there must exist some threshold k = sup[k(i),k*],Vi € TI', so Vk > k, the above holds for
all equilibria in I', and in such case FTE is the unique steady state pure strategy reservation price
equilibrium.

For the sake of concreteness, when the prior is U[0,1], p—j1,1 — p—j00 = ¢ and Rj - Ajy <1

holds whenever dg = dp < 0.999. Note that U[0,1] has a greater variance than any single peaked

24 As defined above, H is the history that yields the highest continuation value for a participant on side j
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distribution over [0, 1] so whenever FTE holds for UJ0, 1], it should also hold for all symmetric single

peaked distributions over [0, 1].

Partial Trade

In partial trade, some agents make offers that some agents on the other side reject (I refer to such
offers as risky). The agents who make the risky offers must be the more optimistic agents (optimism
is measured as the level of the continuation value). Therefore, agents who match in their first attempt
must make risky offers. If they do not, but rather make an offer acceptable to all types on the other
side (I refer to such offers as safe), then agents who match only in their second attempt also make a
safe offer. By induction, all agents make safe offers and we are back in full trade.?’

Suppose there are 4 equilibrium transaction prices: rp risky > TB,Safe > TS,Safe > T'S,Risky

The safe offers satisfy the most optimistic agents. These agents have more than 1 match, and
for each match except the last one, have either rejected an offer or their offer had been rejected.
Suppose that a failed match (match and getting a risky offer or making a risky offer that is rejected) is
always a negative signal (in the sense that it causes the continuation value to decline).?S In this case,
beliefs decline with tenure when measured before matches are announced. Then, the most optimistic
agents are those that match on their first tenure before offers are made. Their beliefs determine
TB,Safe, TS, Safe as in FTE. Therefore, the effect of k on rp gafe, s, safe is similar to the effect of k on
rB,1,1,7s,1,1 in FTE.

The effect of k risky offers are more difficult to analyze because they are determined both by 3

separate effects.

1. The effect on the beliefs of the type that is targeted by risky offers to be indifferent to that offer
(so that all those weakly more pessimistic accept). These agents are pessimist, otherwise it does
not pay to risk rejection in targeting them. Therefore, a higher £ makes them more optimistic,
so sellers demand more and buyers are willing to pay less | 7B, Risky, T 7's,Risky, Which makes the

offerers of risky offers worse off.

25The fact that tenure 1 agents make a risky offer implies that unless the exit rate is very low, the probability of
receiving a risky offer conditional on matching is non negligible. This is because tenure 1 agents are the most numerous
agents, so as long as population stocks are finite, they are a strictly positive fraction of agents. The rejectors of risky
offers must be the more optimistic agents on the other side, so they must include agents that match on their first tenure.
So again, unless the exit rate is very low, the probability of rejection is non negligible.

26 As long as a failed match is a positive signal, the beliefs of some agents increase with tenure. if a failed match is
never a bad signal, then the most optimistic agents have an infinite history and an infinite number of matches and very
high beliefs. Also, there is a negligible amount of them, so targeting them is never an equilibrium. So in this case, there
should not exist an equilibrium that features a safe offer. One possibility is a semi-pooling equilibrium where all types
make a risky offer, in which case, this can be seen as a special case of the case discussed next.
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2. The effect on the beliefs of the types that make risky offers which may affect which type is
targeted. At least some of the makers of risky offers are optimistic relative to the prior. Their
beliefs decline with a higher k£, which makes them believe the matching rate is higher on the other
side, so that their offers are less likely to be accepted, which makes them make offers that are
acceptable to more agents, so the offerer sellers request less from the buyer they meet | rp risky
to be paid less and the offerer buyers bid more 1 rg, Risky~27 However, this effect is attenuated or
even reversed if enough of the offerers are pessimistic relative to the prior (though they should

still be optimistic relative to the makers of safe offers)

3. The effect on the set of types that make risk offers. Suppose (J, hj,0,risky) is the most pessimistic
type that makes the risky offer while (j, hj1,5afe) is the most optimistic type that makes the
safe offer. Note that Vj > Vi The effect of k on changing these types depends

4,0, Risky j,1,Safe"

on whether or not these types are more or less optimistic than the prior. The options are:

(@) Vimo > Vihjorisky > Vihja.sapes Where g is a history that only includes the public signal.
In this case, assuming |mo—7*| < 7 (with appropriate adjustment of A3), k makes both more
optimistic so it may shift h; 1 sqre to make a risky offer. This will lowering the expected
utility from a match on the other side, which tends to cause earlier quitting. Assuming a
symmetric setting and equilibrium, the effect will occur on both sides (otherwise, the lower
continuation value on the other side may cause the first side to become even more optimistic,
magnifying the effect of k). In the distribution of transaction prices, this will increases the

density on the two extreme transaction prices, so price dispersion tends to increase.

(b) Vinsomisry > Vihja sare > Vimo- In this case, they are both optimistic, so under the above
conditions, a higher k£ makes them less optimistic, and may shift ;o risky to making a
safe offer. The offers are the mirror image of 1. In this case, all three effects tend in
the same direction so that | 7B Risky, T 75, Risky Which reduces price range and tends to
reduce price dispersion. This has the consequence of increasing the continuation values
of the most pessimistic agents, which is added to the effect on k£ on the rate of learning
which also increases their continuation values. Both tend towards postponing quitting, the

consequences of which can be analyzed using the framework developed for FTE.

(©) Vi o riery > Vimo > Vjihi sase- Here, a higher k can have either of the two above effects.

27Note that this is not actually an effect on the reservation prices of specific types, but changes in the targeted types.
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