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Preference Signaling in Matching Markets
By Peter Coles, Alexey Kushnir, and Muriel Niederle

ONLINE APPENDIX
B1. Proofs of supplementary results.

This subsection proves Theorem A1, Propositions Al, A2, and Lemma Al.

Proof of Proposition A1l (Binary nature of firm optimal offer). Consider firm
[ from some block F3, b € {1, ..., B} with realized preference profile 8* € ©; and
that receives signals from the set of workers WS C W U N. Denote worker S tas
w and select arbitrary another worker w’ € WS. We first prove that the expected
payoff to f from making an offer to w is strictly greater than the expected payoff
from making an offer to w’. We denote the strategies of firm f that correspond
to these actions as o¢(6*, W®) = w and o (67, W) =w'.

Workers use symmetric best-in-block strategies and firms have best-in-block
beliefs. Specifically, firm f believes that it is the top firm within block F; in the
preference lists of workers w and w’. Denote the set of all possible agents’ profiles
consistent with firm f beliefs as?®

0={0c0|0;=06"and f:I%aX(f/ € Fy) for each w € W°}

As in the proof of Proposition 1, we denote a permutation that changes the ranks
of w and w’ in a firm preference list as p : (..., w, ..., w’,...) = (..., w', ..., w,...) and
construct preference profile 8’ € © from 0* as follows:

e firm f’s preferences are the same as in 6*: } =6,

e workers w and w’ are exchanged in the preference lists of firms —f : Vf’' €
—f, we have 6%, = p(8;/),
e workers w and w’ preference profiles are exchanged 0/, = 0,,, 0., = 6,,,

e for any other w® € W\ {w,w'}, 6,0 =6 .
Since firm [ ’s preference list is unchanged and since w,w'€ WS, profile 8’ belongs
to ©. Since strategies of firms —f are anonymous, then for any f’ € —f and for

any W3, C WUN we have

o (p(0f), P(WJ‘?/)) = p(ap (85, W)

28For the case of one block of firms, firm f beliefs also exclude preference profiles where firm f is a top
firm for those workers that did not send signal to firm f. That is, © = {0 € © |0y = 0*, f = maxg, (f €
Fyr) for each w € WS, and f # maxg,, (f' € Fy) for each w € W\WS}. For simplicity, we assume that

there are at least two blocks. All the derivations are also valid without change for the case of one block.



40 AMERICAN ECONOMIC JOURNAL MONTH YEAR

Worker w and w’ send their signals to firm f under both profile @ and 6. There-
fore, they do not send their signals to firms —f, i.e. p(WS$,) = W3. Since

0's = p(65) we have

o (0%, Wf,) = plop (0, Wf/))
This means that the probability of firm f’ making an offer to worker w for profile
0 equals the probability of making an offer to worker w’ for profile 8. Moreover,
since we exchange worker w and w’ preference lists for profile ', whenever it is
optimal for worker w to accept firm f’s offer under profile @, it is optimal for
worker w’ to accept an offer from firm f’ under profile 8. Since firm types are
independent, the probability of firm f being matched when it uses strategy oy
for profile 8 equals the probability of firm f being matched when it uses strategy
o’ for profile 0 ie. my(op,0_7,0) = mf(a},a,f,e’).
Therefore, for each @ € O there exists @' € © such that the probability that firm
f gets an offer from worker w equals the probability that firm f gets an offer from
worker w’. Moreover, profile @' is different for different @ by our construction.
Since @ and @' are equally likely,

Egmf(af,U,f,e ‘ 0 c (:)) = Egmf(a},a,f,e |0 € (:))

Therefore, the expected probability that firm f gets a match if it makes an offer
to some worker in WS is the same across all workers in WS. But within this
set, a match with S offers the greatest utility, so the expected payoff to f from
making an offer to S; is strictly greater than the payoff from making an offer to
any other worker in W¢.

A similar construction is valid for the workers in set W\W‘S. That is, the prob-
ability that firm f’s offer is accepted is the same across all workers in W\WS.
Hence, firm f prefers making an offer to its most valuable worker, T, than to
any other worker in W\W¢.29

Proof of Proposition A2 (Optimality of Cutoff Strategies). If workers use best-
in-block strategies and firms have best-in-block beliefs, the optimal choice of firm
[ for each set of received signals is either Sy or T (or some lottery between them)
(see Proposition Al). In light of this, we break the proof into two parts. First
we show that the identities of workers that have sent a signal to firm f influence
neither the expected payoff of making an offer to Sy nor the expected payoff of
making an offer to T, conditional on the total number of signals received by f
remaining constant. Second we prove that if it is optimal for firm f to choose Sy
when it receives signals from some set of workers, then it still optimal for firm

291f Ty = Sy the statement of the proposition is still valid. Firm f believes that it is Ty’s top firm
within block 7 and firm f prefers making an offer to Ty = Sy rather than to any other worker in W.
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f to choose Sy if the number of received signals does not change and Sy has a
smaller rank (Sy is more valuable to f).

Let us consider some firm f from block Fy, b € {1,..., B} and some realization
0" of its preference list. Assume that it is optimal for f to make an offer to Sy
if it receives a set of signals WS ¢ WUN. We want to show that if f receives
the set of signals W9 such that S;(8*, WS) = S;(8*, W) and ‘Wsl‘ = ’WS|, it
is still optimal for f to make an offer to Sy. For simplicity, we only consider the
case when WS and W9 differ only in one signal. (The general case then follows
straightforwardly.) That is, there exist workers w and w’ such that w belongs

to set W, but not to set WS/; while w” belongs to WS/, but not to WS. We
consider two firm f’s strategies for realization of signals WS and W9,

Gf(g*v ) = Sf(g*v ')7 G}(O*v'):Tf(O*a')'

We denote the set of possible agents’ profiles that are consistent with firm f
having received signals from WS and W3 as®0

0% = {0c0O|0;=0"and f = Héax(f' € Fy) for each w € W5}

0% = {6cO] 0y =0"and [ = rréax(f’ € Fy) for each w € W'}
respectively. We now construct a bijection between ©% and ©5". Denote a per-
mutation that changes the ranks of w and w’ in a firm preference profile as

p: (yw,.nw',.) = (.. w,...,w,..). For any profile 8 € ©° we construct
profile 8’ € © as follows:

e firm f preferences are the same as in 0: 0’; = 0*,

e the ranks of workers w and w’ are exchanged in the preference lists of firms

_f: Vf/ € _fv elf :p(ef)a
e the preference lists of workers w and w' are exchanged: @), = 6., 6, = 0,,
e for any other w® € W\ {w,w'}, 0,0 = 0;00.

Since this construction leaves the preference list of firm f unchanged, and since
workers w and w’ swap preference lists, we have that if & € ©°, then 8’ € ©5". By
construction, profile 8’ is different for different . Finally, since the cardinality of
sets ©% and ©%" are the same, the above correspondence is a bijection.

Since firm — f strategies are anonymous, for any f’ € —f and W}q, CWUN

op(p(0p).p(W7) = p (o (0, W) .-

30See footnote 28 for the definition of firm beliefs for the case of one block.
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This means that the probability of firm f’ making an offer to worker w for any
profile 8 equals the probability of firm f’ making an offer to worker w’ for cor-
responding profile 8’. Moreover, since we exchange worker w and w’ preference
lists for profile 8’, whenever it is optimal for worker w to accept firm f offer for
profile 0, it is optimal for worker w’ to accept firm f’s offer for profile 8. Since
firms types are independent, the probability of firm f being matched when it
uses strategy o (6", -) for profile 8 equals the probability of firm f being matched
when it uses strategy o(6*,) for profile 6:

mg(op,o_f,0) =mg(of,0_5,60).

Similarly, for strategy o’;(6",-) we have my(o’,0_y,0) = ms(o,0-5,8'). Since
our construction is a bijection between ©° and %", and since 0 and 6’ are equally
likely, we have

Eg mf(Uf,U_f,H | 0 c éS)
Eg mf(U},U_f,e | 0 c éS)

Egmy(op,0_7,010" € o)
Egmys(cy,0_7,0'|0" € o).

Therefore, if firm f optimally makes an offer to Sy (Tf) when it has received
set of signals WS, it also should optimally make an offer to S + (T'y), which is the

same worker, for the set of signals W9,

We now prove that if firm f optimally chooses S f(0*,WS ) when it receives
signals from W, then it should still optimally choose S¢(6*, W9 ") for set of signals
WS| and Sy (6", W)
has a smaller rank, that is, when the signaling worker is more valuable to f. We
consider set W9 that differs from W only in the best (for firm f) worker and

the difference between the ranks of top signaled workers equals one. (The general
case follows straightforwardly.) That is,

WS’ if the number of received signals is the same ‘WS l‘ =

w e WS/S;(0*, W) < we WS /S (0", W)  and
ranks(Sp(8%, W) = rank;(S;(8*, W9S)) — 1.

The construction in the first part of the proof works again in this case. Using sets
of profiles and a correspondence similar to the one above, we can show that the
probabilities of firm f being matched with Sy (T) are the same for WS and W9’
Observe that if firm f’s offer to T is accepted, naturally firm f gets the same
payoff for sets WS and W*'. If firm f’s offer to S 1 is accepted, firm f gets strictly
greater payoff for set W* " compared to set WS, because by definition S (0", ws /)
has smaller rank than S;(6*,W®). Hence, if it is optimal for firm f to make an
offer to Sy (6", WS) when it receives set of signals W<, it is optimal for firm f to
make an offer to Sy (6", W?3') when firm f receives set of signals W9
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Combined, the two statements we have just proved allow us to conclude that if
firms — f use anonymous strategies, firm f’s optimal strategy can be represented
as some cutoff strategy.3!

Proof of Theorem A1. As discussed in Section III, in any symmetric nonbab-
bling equilibrium each worker sends its signal to its most preferred firm. Conse-
quently, all information sets for firms are realized with positive probability, so firm
beliefs are determined by Bayes’ Law: if a firm receives a signal from a worker,
it believes that worker ranks the firm first in its preference list. We now take
these worker strategies and firm beliefs as fixed, and analyze the second stage of
the game when firms choose offers. We will show that this reduced game is a
super-modular game, and then use the results of Milgrom and Roberts (1990) to
prove our theorem.

We analyze the game where we restrict firm strategies to be cutoff strate-
gies. Denote the set of cutoff strategy profiles as Y., with typical element o =
(0f5..,0f.). Recall that a cutoff strategy for firm f is a vector oy = (j}, ...,j}/v)
where j’; corresponds to the cutoff when firm f receives k signals. We will con-
sider only strategies where each cutoff is a natural number, i.e. j]; e{l,... W}
As defined on p.16, vector comparisqn yields a natural partial order on X :
o>y, 0 ©op>o s jj? > (]’;) for any f € F and k € {1,...,W}. This
partial order is reflexive, antisymmetric, and transitive.

To show the second stage is a game with strategic complementarities, we need
to verify that Egq(my(of,0_¢,0)) is super-modular in oy and Eg(m¢(0f,0-f,0))
has increasing differences in oy and o_y. The former is trivially true because
when f shifts one of its cutoff vector components, this does not influence the
change in payoff from a shift of another cutoff vector component. Namely, if we
consider lec = (s Jly oes s oe)s 0]20 = (s Il s Jhs o), afc = (s Jis s ---), and
a# = (e Jfs or Jp» ---) for some I, k € {1,..., W}, then

E@(Wf(O'ch, o_y, 9))—E9(7rf(UJ2c,U,f, 0)) = Eg(ﬂ'f((fi’c, o_, 0))—E9(7Tf(0}i, o_y,0))

That Eg(m¢(of,0_¢,0)) has increasing differences in ¢ and o_; follows from
Proposition 3. Namely, for any oy, o_y, 0’}, and o’ s such that a} > oy and
a’_f > o_f we have

Eo(ms(0,0";,0))~Ee(ms(0oy, 0" (,0)) > Eg(mf(0y,0-1,0))~Eg(ms(0f,0-,6))
Hence the second stage of the game, when firms choose their strategies, is a game

31Note that there can be other optimal strategies. If firm f is indifferent between making an offer to
Sy and making an offer to Ty for some set of signals, firm f could optimally make its offer to Sy or to
Ty for any set of signals conditional on maintaining the same rank of the most preferred signaling worker
and cardinality of signals received.
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with strategic complementarities. Since in our model firms are ex-ante symmet-
ric, Theorem 5 of Milgrom and Roberts (1990) establishes the existence of largest
and smallest symmetric pure strategy equilibria.

Proof of Lemma Al. We first prove the statement regarding the expected
number of matches. Consider firm f cutoff strategies o and o}, such that a} has
weakly greater cutoffs, and define two sets of preference profiles as

@

+=1{0€0|mlos,0-5,0) <m(o},o_7,0)}
O_={0c0|m(os,0-4,0) > m(o},o_f,6)}.

For each profile @ from set ©*, it must be the case that without firm f’s offer,
Ty has an offer from another firm and worker S; does not:

(B1) m(0}> O—f» 0) - m(Uf, O—f, 0) = 1.

Similarly, if profile € is from set ©~, it must be the case that without firm f offer,
Sy has an offer from another firm, and T’ does not

(B2) m(ch,0_y,0) —m(os,0_f,0) = —1.

We now show that |©,| > |©_|. Equations (B1) and (B2), along with the fact
that each 8 € ©T U ©~ occurs equally likely, is then enough to prove the result.

Let us denote Ty = w’ and Sy = w. We construct function ¢ : © — © as follows.
Let 1(0) be the profile in which workers have preferences as in 6, but firms — f
all swap the positions of workers w’ and w in their preference lists. If profile 8
belongs to ©_, without firm f’s offer, worker w has an offer from another firm,
and worker w’ does not. Therefore, when preferences are 1(0), without firm f’s
offer the following two statements must be true: i) worker w’ must have another
offer and i) worker w cannot have another offer.

To see i), note that under 8, worker w sends a signal to firm f, so his outside
offer must come from some firm f’ who has ranked him first. Under profile 4 (),
firm f’ ranks worker w’ first. If worker w’ has not sent a signal to firm f’, then
by anonymity, w’ gets the offer of firm f’. If worker w’ has signaled to firm f’,
worker w’ again gets firm f’’s offer.

To see i), suppose to the contrary that under (@), worker w does in fact
receive an offer from some firm f’ # f. Since worker w sends a signal to firm f,
worker w must be T under ¥(6), so that worker w’ is T under 6. But then
by anonymity w’ receives the offer of firm f’ under 8, a contradiction. From 7)
and i), we have @ € ©_ = (0) € ©,. Since function 1 is injective, we have
041> 6.,

In order to prove the second statement note that the expected number of
matches of each worker increases when firm f responds more to signals. Using
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the construction presented above, one can show that whenever worker w “loses”
a match with firm f for profile 6 (worker w is T) it is possible to construct
profile 8" when worker w obtains a match (worker w is Sy). The function that
matches these profiles is again injective. Moreover, worker w values more greatly
the match with firm f when she has signaled it (Sf) rather when she is simply
highest ranked (7). Therefore, the ex-ante utility of worker w increases when
firm f responds more to signals.

B2.  Market Structure and the Value of a Signaling Mechanism — Proofs and
Extensions

This set of results pertains to Section V: Market Structure and the Value of
a Signaling Mechanism. In this section, we denote as u(j) the utility of a firm
from matching with its jth ranked worker. The first proposition states that when
preferences over workers are sufficiently flat, then in any nonbabbling equilibrium
firms always respond to signals.

PROPOSITION B1: Under the assumption that

(B3) u(W) > W (1 ~(1- %)F> u(1)

there is a unique nonbabbling equilibrium in the offer game with signals. Fach
worker sends her signal to her top firm. Each firm f makes an offer to Sy if it
receives at least one signal; otherwise, firm f makes an offer to T}.

Proof of Proposition B1. We will show that under condition (B3) even if Sy
is the worst ranked worker in firm f preferences, firm f still optimally makes her
an offer.

Proposition 3 shows that if firms — f respond more to signals, i.e. increase their
cutoffs, it is also optimal for firm f to respond more to signals. Therefore, if
firm f optimally responds to signals when no other firm does, it will certainly
optimally respond to signals when other firms respond. Hence, it will be enough
to consider the incentives of firm f when firms — f do not respond to signals and
always make an offer their top ranked workers.

Let us consider some realized profile of preferences of firm f and denote T as
w. If firms —f do not respond to signals, then some firm among —f makes an
offer to worker w with probability ¢ = 1/W. Therefore, the probability that the
offer of firm f to worker w is accepted equals

-1 ; ; F—1—j F—1
(1—q) +..+Ch ¢ (1-q) ]j%—i-...—}—q %

where C¥ = z!/(y!(z — y)!). Intuitively, j firms among the other F' — 1 firms

simultaneously make an offer to worker w with probability C%flqj (1-— q)F —1=J,

Therefore, firm f is matched with worker w only with probability 1/(j+1) because
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worker w’s preferences are uniformly distributed. The sum over all possible j from
0 to F' — 1 gives us the overall probability of firm f’s offer being accepted. This
expression simplifies to

(B4) E(-0-")

Alternatively, firm f’s offer to its top signaled worker is accepted with probability
one. Therefore, firm f optimally makes an offer to the signaled worker only if (B3)
holds. We conclude that under Assumption (B3) there is no other nonbabbling
symmetric equilibrium in the offer game with signals.

PROPOSITION B2: Consider the following assumptions on agent utility func-
tions and the discount factor:

Then the following holds:

1) There is a unique symmetric sequential equilibrium in the offer game with
no signals and L periods of interaction: each firm makes an offer to its most
preferred worker and each worker accepts its best offer in each period.

2) There is a unique symmetric, sequential, nonbabbling (in each period) equi-
librium in the offer game with signals and L periods of interaction: in pe-
riod 0, each worker sends her signal to her most preferred firm; in periods
l=1,....,L, each firm makes an offer at to its top signaling worker among
workers remaining in the market; otherwise the firm makes an offer to its
top ranked worker among those in the market. Fach worker accepts the best
available offer in each period.

Proof of Proposition B2. Consider the offer game with no signals and L periods
of interaction. We will apply backward induction, examining first the final stage
of the game. The final stage of the game is identical to a one period offer game
with no signals. Hence, each firm makes an offer to its top ranked worker and
each worker accepts best available offer in the unique symmetric equilibrium of
this stage.

Assumptions uw(W) > du(l) and v(W) > év(l) guarantee that there is no
incentive to hold offers or make dynamically strategic offers. Since firms —f use
symmetric anonymous strategies at stage L — 1 and stage L, the only optimal
strategy of firm f at stage L — 1 is to make an offer to Ty. Each worker who
receives at least one offer in stage L — 1 optimally accepts the best available offer
immediately. Similar logic applies to the other stages.
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Now consider the offer game with signals and L periods of interaction. The
symmetry of the strategies of workers —w and the anonymity of firm strategies
guarantee that the equilibrium probability that a firm makes an offer to worker
w (across any of the L periods) conditional on receiving a signal from w (and
also conditional on not receiving her signal) is the same for all firms. Therefore,
workers optimally send their signals to their most preferred firm in period 0.

Observe that signals play a meaningful role for firms only in the first period.
Since u(W) > ou(1) and w(W) > W/F (1 —(1- 1/W)F> u(1), each firm f makes
an offer at period 1 to Sy if it receives at least one signal. Since v(W) > duv(1)
workers accept the best available offers immediately. In period 2, each remain-
ing firm either receives no signals or else see its offer being rejected in period 1.
Thereafter firm offers to their most preferred remaining workers prevail, as the
logic of backward induction in the offer game with no signals and many periods
applies to periods 2 through L.

Proof of Proposition 4 (Balanced Markets). We first calculate an explicit
formula for the increase in the expected number of matches from the introduction
of the signaling mechanism.

LEMMA B1: Consider a market with W workers and F > 2 firms. The expected
number of matches in the offer game with no signals equals

(B5) mNS(F,W):W(1—(1—%)F)
The expected number of matches in the offer game with signals equals

(B6) m3(F,W) = F <1 - (FF—l)w> N
P (1= 57 (1 =)
1

1
r : (1 - ( - %(%)W‘l)ﬂ

Proof of Lemma B1. Let us first calculate the expected number of matches in
the pure coordination game with no signals. Proposition 1 establishes that the
unique symmetric nonbabbling equilibrium when agents use anonymous strategies
is as follows. Each firm makes an offer to its top worker and each worker accepts
the best offer among those available. We have already calculated the probability
of firm f being matched to its top worker in Proposition B1. The probability of

this event is W/F (1 —(1- 1/W)F) . Therefore, the expected total number of
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matches in the game with no signals equals
mNSEW) =W (1= (1= )")

Let us now calculate the expected number of matches in the offer game with
signals. Proposition B1 derives agent strategies in the unique symmetric nonbab-
bling equilibrium in the pure coordination game with signals. Each worker sends
her signal to her top firm and each firm makes its offer to its top signaling worker
if it receives at least one signal, otherwise it makes an offer to its top ranked
worker. We first calculate the ex-ante probability of some firm f being matched.
We denote the set of workers who send a signal to f as W}g C WUWN. If firm

f receives at least one signal, |VV}9 | > 0, it is guaranteed a match because each
worker sends her signal to her top firm. If firm f receives no signals, it makes an
offer to its top ranked worker 1. This worker accepts firm f’s offer only if the
offer is the best one among those she receives. Let us denote the probability that
Ty accepts firm f’s offer (under the condition that firm f receives no signals) as

PTf,\WJZS\:O = P(Ty accepts firm f’s offer| ‘WJ‘?‘ =0)
The ex-ante probability that firm f is matched then equals

Prob_matchy(F,W) = P(IW7| > 0) -1+ P(IW{|=0) - Pr, wsl=o

If firm f receives no signals, |WJ§| = 0, it makes an offer to T, which we will
call worker w. Worker w receives an offer from its top ranked firm, say firm fo,
conditional on firm f receiving no signals, ]W}g | = 0, with probability equal to

G

P(W | =1[W{| =0)- 1+ ...+ P(W; | = W|W7| =0) -

wW-1 . J .
— j 1 1 \W—j—1_1
= > ., Clva (ﬁ) A=) 7 771
Intuitively, firm fp receives a signal from a particular worker with probability
1/(F — 1) (note that firm f receives no signals). Then, if firm fj receives signals
from j other workers, worker w receives an offer from firm fy with probability
1/(j +1). Similarly to equation (B4) the expression for G simplifies to

G=L (1- (1= ™).

Firm f can be matched with worker w only if worker w does not receive an offer
from its top firm, which happens with probability 1 — G. If worker w does not
receive an offer from her top firm — firm fy — firm f competes with other firms
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that have received no signals from workers. The probability that some firm f’
among firms F\{f, fo} receives no signals conditional on the fact that worker
w sends her signal to firm fy and firm f receives no signals (\W}g | = 0) equals

r=(1—1/(F —1))" 1. Note that the probability that firm f’ does not receive
a signal from a worker equals 1 — 1/(F — 1), because firm f receives no signals.
There are also only W — 1 workers that can send a signal to firm f’, because
worker w sends her signal to firm fy.

Therefore, the probability that some firm f’ among firms F\{f, fo} receives no
signals and makes an offer to worker w, conditional on the fact that worker w
sends her signal to firm fy, equals /W . Therefore, the probability that worker
w prefers the offer of firm f to other offers (conditional on the fact that firm f
receives no signals and worker w sends her signal to firm fy) equals®?

F=2 r\J r \F—2—j r \F-1
ZFOC%J(W)](I_W)F2]3‘%:%(1_(1_W) )

The probability that worker w accepts firm f’s offer then equals

Prwsio = (1= &) (% (1- 0= %))

Taking into account that firm f receives no signals with probability P(|W}9 | =
0) = (1—1/F)" the probability of firm f being matched in the offer game with

signals is then

Prob_matchy(F,W) = 1—(1- %)W T (1- %)W(F—Ll)r

(o0 (0 )

where r = (1—1/(F —1))" =1, The expected total number of matches in the offer
game with signals equals m®(F,W) = F - Prob_matchy(F,W). This completes
the proof of Lemma B1.

Lemma B1 establishes the expected total number of matches in the offer game
with and without signals. Let us first fix W and calculate where the increase in the
expected number of matches from the introduction of the signaling mechanism,
V(E,W) =m3(F,W)—m"™%(F, W), attains its maximum. In order to derive the
result of the proposition we consider markets with a large number of firms and
workers and we use Taylor’s expansion formula:

(BT7) (1 —a)® = exp(—ab + O(a?b)),

32Note that the maximum number of offers worker w could get equals to M — 1 as it does not receive
an offer from its top firm fo.



50 AMERICAN ECONOMIC JOURNAL MONTH YEAR

where O(a?b) is a function that is smaller than a constant for large values of a?b.
Using the result of Lemma B1 and formular (B7) one could immediately calculate
the approximation of the expected number of matches from the introduction of
the signaling mechanism in large markets

w (:r — e VT 4 (1 -z (1 — e_l/x)) (1- e‘“il/z) -1+ e_“”) +0(1)

where we denote x = F/W. Therefore V(F,W) = Wa(x) + O(1), where a(x)
is a positive quasi-concave function that attains maximum at xy ~ 1.012113.
Therefore, for fixed W, V(F, W) attains its maximum value at F' = oW + O(1).
Similar to the previous derivation, we can fix F'. Then we obtain

F (1 ey (1 — (1 - e—l/fC)) La—e =y 11— e_z)) +0(1)

Therefore V(F, W) = Ff(x)+ O(1), where () is a positive quasi-concave func-
tion that attains maximum at xgp ~ 0.53074. Therefore, for fixed F, V(F,W)
attains its maximum value at W = yoF" 4+ O(1), where yo = 1/z99 = 1.8842.

Proof of Proposition 5 (Multiple Periods). We will prove the argument un-
der assumptions on agents’ utility and discount factor of Propositions B2 that
guarantee the uniqueness of equilibrium in the games with and without signals.

For clarity of the argument, we compare markets with one and two periods of
interaction. Consider a market with two periods. Since workers can send only
one signal and firms respond to all signals, all firms that receive at least one
signal leave the market in period 1 (signals indicate that offers will be accepted
for sure). Therefore, no firms remaining in period 2 have received signals, so the
second period of the offer game with signals is identical to a single period offer
game with no signals.

Since the introduction of the signaling mechanism increases the expected num-
ber of matches, the expected number of remaining market participants in period
2 is greater in the offer game with no signals than it is in the offer game with
signals. As Proposition 4 shows, the number of matches in a market with one
period is proportional to the size of the market. Therefore, the expected number
of matches in the second period in the offer game with no signals is greater than
in the offer game with signals. In other words, the second period plays a more
significant role in the offer game with no signals. Hence, the difference between
the expected number of matches in the offer game with signals and the offer game
with no signals decreases upon adding the second period of interaction. This logic
extends to L periods of interaction.



