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Unraveling and Inefficient Matching’

By AKHIL VOHRA®

Labor markets unravel when workers and firms match inefficiently
early under limited information. I argue that a significant determi-
nant of unraveling is the presence of a secondary market, where firms
can poach workers, and its transparency: how well firms can ascer-
tain workers’ value once they are employed by competitors. While
early hiring reduces the probability of hiring a high-type worker,
it prevents rivals from learning about the worker, making poaching
difficult. When secondary markets are very transparent, unraveling
disappears. However, the matching remains inefficient due to the
incentives of low-tier firms to communicate that they have not hired
top-quality workers. (JEL C78, D47, J23, J44, M51)

abor markets in which matches between firms and workers occur inefficiently

early due to limited information are said to have unraveled. A classic example
is the market for appellate court judicial clerks in the United States. Judges rush
to make offers to law students as early as two years before the start date, at which
point information about a student’s legal writing is nonexistent (Avery et al. 2001).
Unraveling is often ascribed to the combination of intense competition for scarce,
high-quality workers and applicant uncertainty, which drives them to accept early
offers (Roth and Xing 1994).

However, there are markets that experience unraveling though employers do not
face an initial scarcity of talent. In investment banking recruiting, banks scramble
to contract with college sophomores despite the abundance of talent relative to the
number of available entry-level positions.!| In corporate law, students receive associ-
ate offers in their first year of law school.” At the same time, not all markets unravel.
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! Annually, J. P. Morgan has ~ 450 positions globally (for undergraduate and graduate students), while Goldman
Sachs has ~ 200. Wharton alone produces more than 650 undergraduates in finance. See Clarke (2021) and https://
www.efinancialcareers.com/news/2023/02/goldman-sachs-acceptance-rate.

2 The rationale that accelerated hiring is to secure top talent does not fully align with certain recruitment
practices. Banks often cap the number of hires from each university (Rivera 2015). It is difficult to believe such a
practice would exist if firms believed talent was scarce. Additionally, the trend of advancing hiring timelines occurs
irrespective of the economy or reductions in total slots (Rainey 2013).
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For instance, the market for academic economists and managerial consultants has not
been prone to the same type of early hiring that plagues investment bank recruiting.
Why do some markets unravel while others do not, even if they appear to have
abundant talent? My paper answers this question by identifying a new channel by
which unraveling can propagate. I argue that unraveling can be caused by the pres-
ence and characteristics of a secondary market, whereby firms may poach workers
currently employed by other firms. Poaching is a prevalent form of rematching in
many industries: Private equity firms recruit analysts from competitors and investment
banks, law firms attract associates and partners from competitors, universities hire
professors laterally, and large venture capital firms poach start-ups from smaller ones
during series funding rounds. In models with a single stage of hiring and matching,
the main driver of firm behavior is the desire to acquire top talent. With a secondary
market, firms must also be concerned with their ability to retain the talent they hire.

Talent retention is a critical driver of firm behavior, and it influences hiring and
screening incentives. Firms opt not to hire overqualified candidates due to their turn-
over risk, despite their high productivity on the job (Maynard, Joseph, and Maynard
2006; Luo 2010; Erdogan et al. 2011). Firms even sacrifice match quality by strate-
gically rotating workers across jobs and clients to ensure that they are not too pro-
ductive for a particular client (Battiston, Espinosa, and Liu 2025). Likewise, firms
may reduce investment in talent discovery if worker movement is prevalent (Tervio
2009). Early hiring can also function as a talent-retention instrument by blocking
competitors’ access to desirable candidates. Many Japanese companies engage in
what is called “kosoku’: They contract with students early and schedule required
events when other firms are interviewing, preventing contact between students and
competitors (Roth and Xing 1994). Such a strategy is compelling when talent is
scarce but unproductive when it is plentiful. However, there is an added benefit
from blocking initial information about a hired candidate: It deters competitors from
using a recruiting strategy based on poaching hired workers.

To illustrate, consider a private equity firm and an investment bank, each looking
to hire an analyst from a future university graduating class. Students are high or
low type. As they progress through university, their academic performance allows
firms to better sort between student types. As in reality, the private equity firm need
not hire a graduating student. Rather, it can opt to keep tabs on the student the bank
hires, gauging her quality over time through observable yet noisy metrics before
poaching. The bank prefers to hire students in their final year when it can best dis-
tinguish between student types. This strategy, though, leaves them vulnerable to
poaching, as the private equity firm can free ride off its efforts in screening. To
combat this, the bank could choose candidates less likely to be high type. Doing so
leads to the bank retaining workers longer as the private equity firm must wait for
more evidence before poaching. But how can the bank credibly choose candidates
less likely to be high type? By hiring early, when all parties have less information
and screening ability is capped.

I formalize these ideas in a model of firm interviewing and hiring when there
is a secondary market allowing firms to hire laterally instead of at the entry level.
Unraveling arises as a strategic decision to deter future poaching because firms
are willing to trade off quality in favor of retention. What determines the extent
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of unraveling is the transparency of the secondary market: how well firms can
ascertain the value of workers employed at other firms. Firms often receive signals
about the quality of workers employed at competitors, and the clarity of such sig-
nals determines the intensity of the threat of poaching and the strategic importance
of deterring it (Wu 2024). When the secondary market is moderately transparent,
unraveling makes underinvestments in talent discovery credible. As the secondary
market becomes more transparent, unraveling disappears in equilibrium due to the
low-tier firm’s incentive to communicate that they have not hired top-quality appli-
cants. Low-tier firms interview candidates at the end of the primary market to ensure
the hiring of applicants unlikely to be of high quality. This has stark welfare impli-
cations. A highly transparent secondary market decreases total match quality by
creating an adverse signaling incentive for the low-tier firm.

Could one improve match quality by coordinating hiring times in the primary
market? Not necessarily. Unraveling is a strategic response to the threat of poach-
ing, and coordination on hiring time does not fully mitigate the threat. Mandating
interviewing and hiring to occur at a common date may reduce match quality com-
pared to the decentralized setting in which unraveling occurs. This indicates that to
increase ex ante match quality, the focus should be on the secondary market rather
than on controlling timing in the primary market.

I describe my model next. Sections I and III and focus on equilibrium analysis and
show how the strategies mirror real-world hiring practices. Section IV explores appli-
cations. I defer discussion of the relevant literature to Section V. Finally, Section VI
discusses the substantive assumptions of the model. Proofs are in the Appendix.

1. Model

Two firms, Fy (high tier) and F; (low tier), each need a single worker. Workers
are high or low type, represented by 6 € {H,L}. Workers prefer to work for the
high-tier firm. A worker is high type with probability 3 € (0, 1), independent of
the others. Let N be the total number of workers. For technical convenience, I con-
sider the case as N — oo.

Time is continuous from —7 to oo and divided into two stages: [—T, O], which I
call the primary market, and (0, oo), which I call the secondary market. Matching
can occur in each stage. If a firm approaches a worker at time r € [—T, O] and the
worker accepts, the worker exits the market and begins working at time 0. A firm
failing to match in the primary market can choose to poach the employed worker at
any time ¢t € [0,00) in the secondary market.

Primary Market.—A firm choosing to match in the primary market selects a time
r e [—T, 0] to conduct interviews. Interviews are more informative the later they
occur. I represent this via a function M : [-T,0] — [0,1] x [0, 1], where M(t) :=
(Mh,-gh(t),Mlow(t)) maps interview times to the highest and lowest probability with
which firms can identify a worker of being high type. More generally, consider any
M(-) satisfying the following:

(1) Mygn() and M, (1) are continuous.
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(ii) Myign(t) is strictly increasing, and M;,,,(t) is decreasing.
(Hl) Mhigh(_T) = er)w(_T) = B

Mapping M is a reduced-form representation of how well firms can sort work-
ers at time . The first two conditions ensure better sorting at later times. The third
says there is no ability to sort at the start. In Appendix A, I show that any such M is
equivalent to a sequence of progressively more informative binary tests that return a
high or low signal depending on the worker’s true type. Thus, I define a high-signal
worker at time 7 to be a worker that is high type with probability M, (t) Similarly,
a low-signal worker at time  is one that is high type with probability M, (). Note
that randomizing over high- and low-signal workers at time ¢ allows for hiring a
worker that is high type with probability p € [Mye, (1), Myiga(7)]. At any time 7,
firms can interview all workers in the primary market costlessly, and so they can hire
a high-signal or low-signal worker with probability 1 as N — oo. Given that sort-
ing is best at the end of the primary market, Mj;,,(0) and M,,,(0) are, respectively,
the maximum and minimum probabilities with which a firm can be sure it has hired
a high-type worker.

Fix a mapping M. If a firm hires a worker at time r < 0 and the worker is high
type with probability p < Mj,;,;,(0), I say that the market has unraveled.

Secondary Market.—Consider a firm that does not hire in the primary market,
instead choosing to operate in the secondary market where it can monitor the worker
hired by the other firm. The monitoring firm observes a signaling process yielding
information about the employed worker’s type. Formally, consider a worker that is
high type with probability p,. The monitoring technology is given by an observable
process {m,}:

dm, = pedt+ odB,, oy = 0,

where B, is a standard Brownian motion.

One can interpret 7, as a noisy signal of visible worker output. The type-dependent
drift satisfies puy > pg, reflecting expected differences in output between
worker types. The diffusion process is a continuous analog of the case where the
high-tier firm periodically receives signals of the worker’s quality. The quantity
a = (puy — pr)/(20) measures the informativeness of 7, and represents the trans-
parency of the secondary market.”

3 The implication of the diffusion process is that the secondary market is more informative than the primary
market. Therefore, my model applies to settings where there is a difference in the work done in each stage. This is
a feature of entry-level markets since firms often hire directly from universities.

Pr(0 = H|F)

4 o f _
One can see this from the log-odds process O, = log(1 T

>, where F/" is the natural filtration

with respect to {,}. The log-odds process satisfies dQ, = 29 .
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A. Payoffs

Consider a type 6 worker hired by F; in the primary market. If, at some time
t > 0, the other firm F_; offers a position and she accepts, payoffs from a time O
perspective are

Worker : r[jge_’?(é : l{i:H})df + j;ooe_’;(é . l{ﬂ:H})df]
F;: rj(‘)[e*’;Z};df
F_;: rj;me*’izgidf.

Here, r is the common discount factor, 4 is the added payoff to the worker from
working at the high-tier firm, and Zj is the match quality to firm i from hiring a
worker of type 6. Match quality encapsulates productivity. I assume

7 >zh > 7> 0> 70

The inequalities reflect firm preferences and incorporate a notion of supermodu-
larity in match quality. Both firms prefer high-type workers. Notably, the high-tier
firm never wants to employ a low-type worker. The low-tier firm finds such a worker
acceptable. This is a natural assumption, as high-tier firms may have reputational
concerns, so hiring a low-type worker is especially undesirable. A different inter-
pretation is that high-type workers are qualified for the job at the high-tier firm but
overqualified for the job at the low-tier firm, while low-type workers are only qual-
ified for the job at the low-tier firm.>

Workers not hired in the primary market receive a payoff normalized to 0 and exit.
Unmatched firms receive a flow payoff of O for the duration they are unmatched. I
assume that once a worker is hired, she can not be fired. In Appendix F, I explain why
giving firms the ability to fire workers does not change the qualitative features of
the results. Lastly, I impose the trivial condition M,,;,(0) 704+ [1 — Mhigh(O)] zH
> 0, as otherwise the high-tier firm would never want to hire in the primary market.

B. Strategies

Worker strategies consist of accepting or rejecting offers in the primary market
and, if hired, accepting a lateral offer. Firm strategies specify primary and secondary
market strategies, describing whether, when, and how to hire in each stage. Formal
definitions are in Appendix A2.

5 As will be made apparent later, Zf < 0 is necessary for the analysis. If the payoff from not hiring a worker is
0, and hiring any worker gives a positive payoff, there is no incentive to operate in the secondary market and wait
for information to be revealed about a hired worker.
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Primary Market Strategy—At each t € [—T,0], if F; has not hired up until 7, it
selects a probability to interview and, conditional on interviewing, to whom to make
an offer. This selection can be based on whether F_; has interviewed at any point
before . Upon this observation, F; formulates beliefs about the type of worker F_;
hired.

Secondary Market Strategy.—Conditional on operating on the secondary market,
Fy’s strategy is a poaching rule: a decision at each ¢ € (0,00) whether to hire the
worker at F_;. Hence, a poaching rule is a stopping time adapted to the filtration F".

A pair of firm strategies constitute an equilibrium if each firm is best-responding
at each information set and Fy’s beliefs are consistent. See Appendix A2 for a for-
mal definition. The next two observations reduce the strategy sets I need to consider.

OBSERVATION 1: A worker who receives a primary market offer always accepts it.

One might think that a worker receiving an offer is a signal of her type, allowing
for the opportunity to strategically reject the offer. When N is large, this incentive
disappears, as the probability of receiving a future offer is =~ O.

OBSERVATION 2: The low-tier firm will always hire in the primary market.

Consequently, I restrict attention to low-tier firm strategies specifying the time ¢
in the primary market at which to interview and, conditional on ¢, to whom to make
an offer. It follows that the high-tier firm will never interview in the primary market
before + = 0. So, I can restrict attention to high-tier firm strategies that map the
observed time at which the low-tier firm hires to a probability of hiring in the pri-
mary market and a poaching rule conditional on operating in the secondary market.

OBSERVATION 3: If a secondary market does not exist, there is no unraveling.

By interviewing at ¢ = 0, each firm matches with a high-signal worker with prob-
ability 1 as N — oo. Total match value is Mg, (0) - (Zﬁ + ZZ) + [1 - Mhl-gh(O)] .
(Z% + z1 ) When there is no secondary market and an abundance of talent, there is
no unraveling. This serves as a benchmark for comparison to the equilibrium findings.

II. Poaching and Incentives
I begin by characterizing the optimal poaching rule conditional on the high-tier
firm operating on the secondary market. Suppose that the low-tier firm has hired a

worker in the primary market, and the high-tier firm’s initial belief that the worker
is high type is py. The high-tier firm’s decision problem is

FH(Po) = m?X E[e*rTZgl | f;r,po] .
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To determine the optimal poaching rule, I map m, to the space of posterior
beliefs. Given initial belief p,, let p, = Pr(9 =H |ff) denote the posterior
belief that the worker is of high type at time ¢ given the observations from the
process {m,}.

PROPOSITION 1: The optimal poaching rule is a threshold rule 7° := inf {t > 0:
D > B*}, where B* is time invariant, independent of py, and increasing in .

The decision to poach depends only on whether the belief about the worker is
above a static threshold B*, which is independent of the initial belief p,. This is
not to say that p, plays no role in the high-tier firm’s “thought process.” The value
of the initial belief affects the value of the signal 7, the firm must see to update
its belief to B*. The transparency of the secondary market, «, affects the speed of
learning. As « increases, B* increases, but the expected payoff increases for the
high-tier firm. With a more informative signal, the high-tier firm can afford to wait
for a higher posterior.

The characterization of the optimal poaching rule allows for a clean description
of firm payoffs when the high-tier firm commits to not hiring in the primary market.
As the high-tier firm’s payoff function depends on its initial belief (p,), consistency
is assumed. Its payoff from operating on the secondary market is

Cu(po) = poZii- E[efrT*|H,P0] + (1= po) Zi - E[eirT*\L,Po]-

For the low-tier firm, its payoff depends on the actual probability that the worker
it hires is of high type (py), and the initial belief (p,) held by the high-tier firm:

SL(Popo) = poZi(1 = E[e™ |Hupo| ) + (1 = po) ZE(1 — E[e"™ | L.po] )

= poZ+ (1 — po) ZE — (poZ&E[e ™ |Hupo| + (1 — po) ZEE[e "™ | L.po] ) -
Expected Match Value Loss Due to Poaching

Of particular interest is the function ', (pg) = X, (po.po). the expected payoff
to the low-tier firm when the high-tier firm’s initial belief is consistent.

PROPOSITION 2: Fix « € (0,00). There exists p* € (0,1) such that p*
= argmax, c(o.1 ['(po)-

The quantity p* is the optimal induced prior in a game where the high-tier firm
is committed to hiring in the secondary market and knows the probability that the
worker hired by the low-tier firm is of high type. The optimal induced prior p*
varies naturally with «, the transparency of the secondary market. As « — 0 (low
transparency), the low-tier firm understands that poaching is more challenging;
it is more willing to hire potentially high-quality workers in the primary market.
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Conversely, as &« — oo (high transparency), F; seeks to hire a high-type worker
with low probability to ensure that it can keep the worker for a long time.

Now, the high-tier firm does not observe which worker the low-tier firm hires
but forms an initial belief based on the hiring time. By interviewing at time ¢, the
low-tier firm constrains itself to workers of high type with probability in [Mlow(t),
Mhl-gh(t)]. The equilibrium of this subgame is pinned down by the unique p
€ [M iow(t):M, h,-gh(t)] such that the low-tier firm does not have a profitable deviation
conditional on the high-tier firm holding an initial belief of p. The low-tier firm’s
payoftis I'; (p). It would be optimal if it could induce a subgame where its equilib-
rium payoff is ', (p*).

PROPOSITION 3: Suppose that the high-tier firm cannot hire in the primary market. If
p* e (ﬂ, Mg (0) ) , the low-tier firm hires at time t* in equilibrium, where My, (1)

While the low-tier firm may want to hire a better worker, the only way to do so is
by changing the time it matches, which will change the high-tier firm’s initial belief!

III. Equilibrium and Match Quality

I now analyze the equilibrium dynamics when Fy can choose whether to hire
in the primary or secondary market as a function of the history it observes. The
decision to hire in the secondary market depends on the effectiveness of screening
in the primary market. If the screening ability at the end of the primary market is
such that the posterior belief is already above the poaching threshold, the high-tier
firm will not hire in the secondary market. Both firms interview at ¢t = 0 and hire a
high-signal worker.

OBSERVATION 4: If My;q,(0) > B, the market does not unravel.

If the threshold belief for poaching, B*, is lower than the belief about a high-signal
worker at the end of the primary market, the secondary market provides no value to
the high-tier firm. This serves as the basis for a definition of opaqueness. Let &,qque
denote the transparency level at which B* = M, high(O) .8 As B* is strictly increasing
in a, the following observation is immediate.

OBSERVATION 5: For a < Qpaques the market does not unravel.

At transparency levels o > 444> the high-tier firm may find it beneficial to
operate in the secondary market. Since the high-tier firm observes only the time
the low-tier firm hires, its belief about the worker hired depends only on the hiring
time 7 and its knowledge of the interviewing technology M(7). Likewise, the low-tier

6 Formally, define Copaque = sup{a :B* < Mgy (0) } Ata = 0, B*is equal to the high-tier firm’s break-even
point, and so My;,;,(0) > B*by. Since B” is increasing in o and lim,,_. B* = 1, it follows that for M}, (0) < 1,
Qopague € (0,00) and solves B* = My,;;,(0).
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firm’s decision to match at a time ¢ and hire a high- or low-signal worker depends
on whether it expects the high-tier firm to operate on the secondary market or at the
end of the primary market. It becomes crucial, then, to pin down firms’ indifference
beliefs:

(i) What initial belief (p) does the high-tier firm need to hold to be indifferent
between hiring at the end of the primary and on the secondary market?

(ii) If the high-tier firm is on the secondary market, what initial belief (p;,,) does
it need to hold to make the low-tier firm indifferent between worker types?

The high-tier firm’s decision to hire on the primary market is based on whether
its initial belief about the low-tier firm’s worker is above p. If the high-tier firm
chooses to hire at the end of the primary market, the low-tier firm would like to hire
a high-type worker. If the high-tier firm chooses to hire in the secondary market and
holds an initial belief less than p;,,;, the low-tier firm also prefers a high-type worker.
However, if the high-tier firm chooses to hire in the secondary market and holds an
initial belief greater than p;,,, the low-tier firm prefers a low-type worker. These
indifference beliefs depend on the transparency of the secondary market, and the
value of p relative to p;,, determines the equilibria of the subgame initiated when the
low-tier firm hires at time ¢.” In the equilibrium of the entire game, the low-tier firm
considers the following trade-off. Interviewing early induces the high-tier firm to
hire at the end of the primary market, allowing the low-tier firm to keep the worker
forever. Interviewing later allows the low-tier firm to hire a better worker, but at the
expense of losing her in the future, as the high-tier firm will choose to hire in the
secondary market.

There can be equilibria where the low-tier firm wants to hire a high-signal worker
even if it knows the high-tier firm will be on the secondary market. This occurs
when the high-tier firm has a strong desire to screen in the secondary market and the
low-tier firm has strong preferences between worker types. Such equilibria can be
excluded when preferences are not aligned. The condition for nonalignment is one
on the preferences of the low-tier firm relative to how valuable screening in the pri-
mary market is for the high-tier firm. Specifically, it compares the ratio of the low-tier
firm’s ex post match values to the ratio of the high-tier firm’s ex ante expected match
values when hiring in the primary market at time + = 0. Nonalignment ensures that
the low-tier firm does not care “too much” about the type of worker it hires, and so
if the high-tier firm chooses to operate on the secondary market, the low-tier firm
prefers to hire a low-type worker.

Zh Zi Myugn(0)
Zi .

DEFINITION 1: Firm preferences are not aligned if —_—
7k Z8 1 — Myg(0)

7In Appendix C, I characterize equilibrium strategies in each subgame. Then in Appendix D, I determine the
low-tier firm’s overall equilibrium strategy. As p and p;,, are determined by the transparency level «, this character-
ization effectively maps the values of « to the types of equilibria that arise.
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Theorem 1 summarizes the qualitative features of the equilibria as a function of
the transparency level o when firm preferences are not aligned.

THEOREM 1: Suppose that firm preferences are not aligned. Then there exist
thresholds Qgpaque < Quuea < Qupigy SUch that in equilibrium:

(i) For a € (Qupague> Vmed)» the market unravels. The low-tier firm matches at
time t < 0, where My, (f) = p. The high-tier firm matches at the end of
the primary market. As « increases in this range, unraveling is exacerbated
(t decreases).

(i) For a € |Queg, Qpign|, the low-tier firm mixes across times t € |[t,0] where
MIOW(L ) = p. There is multiplicity of equilibria—some with unraveling,
others without. As « increases in this range, unraveling is diminished (t
increases).

(iii) Fora € [Qhighs 00), there is no unraveling. The equilibrium is unique.

»

0 Xopaque Xned ahigh —
No Unraveling Unraveling Unraveling/ No Unraveling
(Observation 4.2) No Unraveling

As transparency increases, the low-tier firm credibly underinvests in screening
by hiring at an earlier time ¢. By doing so, the low-tier firm commits to not hiring
a worker that is high type with probability greater than M, (¢). Such a strategy
ensures that the high-tier firm does not operate in the secondary market. This is pre-
cisely the intuition behind the unraveling equilibrium that arises in the moderately
transparent regime. The low-tier firm hires a worker that is high type with proba-
bility p. In the moderately transparent regime, p € ( B, Mg (0) ), meaning that the
low-tier firm needs to do some screening and hire a high signal worker. However,
to credibly signal that the worker hired is high type with probability p, the low-tier
firm must hire at time 7 < 0 such that Mj,;,;,(f) = p. The high-tier firm hires at the
end of the primary market.

When the secondary market is highly transparent, the low-tier firm wants
to induce a lower belief about the worker it hires to prevent poaching. Hiring a
low-type worker with high probability requires being able to sort very well. As a
result, it chooses to hire toward the end of the primary market.” However, if the
low-tier firm is screening to hire a low-type worker with high probability, there is
no incentive for the high-tier firm to operate in the secondary market. On the other
hand, if the high-tier firm chooses to hire at the end of the primary market, the threat
of poaching vanishes, and the low-tier firm no longer has the incentive to hire the
worker with a low signal! Formally, suppose that F; interviews at time ¢ and hires a

81f (3 is small, identifying a low-type worker with high probability is easy: random selection at time —7T yields
a low type with probability 1 — /3. Consequently, even when the secondary market is very transparent, there is little
incentive to sort to hire a low-quality worker. Formally, as 3 — 0, cve, — 0.
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worker that is high type with probability p < M), (t). If F} hires at the end of the
primary market, F; would deviate by hiring a worker that is high type with proba-
bility M},;,(). Such a deviation would be undetectable by F. Thus, to support the
non-unraveling equilibrium when the secondary market is sufficiently informative,
F hires at the end of the primary market but mixes between hiring a high-signal and
low-signal worker. Fy mixes between operating in the secondary market and hiring
at the end of the primary market.

Importantly, the transparency thresholds depend on the firms’ sorting ability
in the primary market. In the extreme, if firms could distinguish between types in
the primary market perfectly (i.e., Mj;e,(0) — 1), then vp4que — ©0, and unrav-
eling never occurs. More generally, the thresholds are increasing in (Mhl-gh(O),l —
Mi,,(0)).

Interpretation.—One may wonder whether the equilibrium strategies are real-
istic depictions of firm behavior. That is, do top firms condition their decisions
on whether a lower-tier competitor hired a first-year law student in February? In
matching markets where matching processes are public (e.g., venture capital fund-
ing, investment banking, and academic hiring), such strategies are realistic. In other
labor markets, one should view the equilibrium strategies and outcomes as limit
points of a long-run process that involves learning. Over time, a firm can observe
the quality of workers at its competitors and deduce how well its competitors are
screening. This interpretation echoes Green and Porter (1984), where firms cannot
observe competitors’ prices directly and instead rely on noisy demand estimates to
infer them.

In fact, this is supported by the evolution in hiring dynamics pertaining to private
equity companies (high-tier firms) poaching talent from investment banks (low-tier
firms). Traditionally, private equity firms have relied entirely on poaching invest-
ment banking analysts. Over the last decade, investment banks began to hire earlier,
contracting with students while they were sophomores. Private equity firms soon
lamented the variance in quality of investment banking analysts. In response, private
equity firms began interviewing and hiring undergraduates in their final year (hiring
at the end of the primary market).” This is consistent with a transition to the unrav-
eling equilibrium that arises when the secondary market is moderately transparent.

At a higher level, Theorem 1 highlights an important connection between second-
ary market transparency and screening incentives. In the model, firms use matching
time as a credible way of signaling how well they will screen and the type of talent
they will select. In contexts where time can not be used in such a way, unraveling
may appear as a reduction in investment in screening. The effect of transparency
on screening incentives is prevalent in a billion-dollar labor market: professional
sports. When players are free to move across teams, small-market teams underinvest
in screening for talent (Feess and Muehlheusser 2003). This phenomenon is pre-
cisely why contracts preventing mobility exist in competitive sports.'" I discuss the

9 https://economics. virginia.edu/article-top-private-equity-firms-hiring-college-grads.
19Free agency rules ensure that movement cannot be prohibited. However, some leagues have clauses allowing
teams to pay their players on expiring contracts significantly more than competitors.
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relationship between contract characteristics, unraveling, and investment in screen-
ing in Section IVA.

A. Match Quality

Using the equilibrium characterization in Theorem 1 when firm preferences are
not aligned, I compare the total equilibrium match value to the benchmark where no
secondary market exists. Suppose that the low-tier firm can match with a low-type
worker with sufficiently high probability in the primary market. Then the total equi-
librium match quality is strictly lower than the benchmark setting with no secondary
market.

THEOREM 2: If M,,,,(0) Zfj < Mygn(0) Zfj + [1 — Myign(0)| ZL, then for any
Q> Qpaques the total ex ante match value is strictly lower than when no secondary
market exists.

The condition in the theorem statement rules out the situation where the high-tier
firm would be happy to poach from the low-tier firm even if it knew that the low-tier
firm hired the applicant most likely to be of low type. It holds when the interviews
at the end of the primary market are successful at identifying low types (e.g., when
M, IUW(O) is small). Importantly, when the secondary market is highly transparent, the
low-tier firm can hire low-quality workers with a high enough probability to deter
the high-tier firm from poaching. As a result, unraveling dissipates in highly trans-
parent markets because the low-tier firm has an incentive to screen for lower-quality
workers. This causes a reduction in total match quality relative to the benchmark.'’

In the market design literature, reductions in match quality in unraveled markets
are often seen as the product of the timing of the matches (e.g., Roth and Xing 1994;
Li and Rosen 1998). If the timing issue is resolved, will total match quality increase?

THEOREM 3: Suppose that firm preferences are not aligned. If o« € (ozopaque, amed) ,
meaning that the secondary market is moderately transparent, the total match value
in the unraveling equilibrium is greater than in the equilibrium where interviewing
and hiring are mandated to occur att = 0.

In the unraveling equilibrium, the low-tier firm hires at time r < 0, and the
high-tier firm hires at + = 0. Suppose that a third party could ensure that all pri-
mary market interviews occur at = 0. Coordinating the hiring date provides more
incentives for the high-tier firm to screen. Why? Because the low-tier firm now has
access to higher-quality applicants! Since interviews are more informative att = 0,
if the low-tier firm hired a high-signal worker now, the high-tier firm would want
to operate in the secondary market. The threat of poaching is now more serious,
and so the low-tier firm is incentivized to hire low-type workers. A mixed strategy

1 If My,,,(0) 78 > My, (0) 7h + (l — Mi,(0) ) 7!, high transparency leads to the high-tier firm choosing to
monitor even when the low-tier firm hires a worker that is high type with minimal probability. Total match quality
is = M, (0) 78+ (l — My,,,(0) ) 7%, which may or may not be higher than the benchmark.
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equilibrium must exist with the high-tier firm poaching with nonzero probability.
The low-tier firm mixes between hiring a high-signal and a low-signal worker. With
positive probability, only a single worker is hired by the end of the primary market.
This reduces total match quality relative to the unraveled equilibrium without the
mandate.

IV. Applications

Table 1 presents a few well-known industries and their unraveling dynamics.

Unraveling in the first three markets in the table has been documented extensive-
ly."” Unraveling is absent in the junior economics faculty market. Screening and
hiring occur the year that candidates receive their PhD and only after recommenda-
tion letters, research statements, and papers are posted. In addition, until the COVID
pandemic, interviews occurred at the Allied Social Science Associations (ASSA)
meeting. In management consulting, interviews for full-time positions at McKinsey,
Bain, and BCG occur in candidates’ senior year."?

The equilibrium outcomes align with the observed hiring behavior in the markets
in Table 1. The link I highlight between secondary market transparency and unrav-
eling suggests that one could have predicted such unraveling—or its absence—in
these markets ex ante. More broadly, the qualitative characterization of the equi-
librium dynamics within my model provides insights into which labor markets are
prone to unraveling. Those with highly transparent or opaque secondary markets
should have minimal unraveling, while those with moderately transparent secondary
markets should experience unraveling. Returning to Table 1, consider the subset of
labor markets that unravel: corporate law associates, investment banking and private
equity analysts, and high-end line cooks. These industries have what one might
consider to be moderately transparent secondary markets. Why is it reasonable to
describe these industries as such?

Consider the investment banking and private equity markets. Firms in these
industries generally have an understanding of the activity of their competitors. For
instance, during an initial public offering of a company, it is publicly known which
investment banks are working on the offering. Importantly, banks generally know
the specific groups working on particular deals. However, observing how much an
individual contributed is difficult, especially at the analyst and associate levels. Did
he merely bring coffee to his bosses, akin to an intern, or was he actively engaged
in the deal-structuring process? Similarly, in corporate law, while a high-tier firm
can monitor associates at other firms, it is more challenging to assess associate
quality compared to a market like that for academic professors, where research is
published for public view. Suggestive evidence of this is law firms’ approach to lat-
eral screening and hiring. Many invest heavily in third-party recruiters specializing

12For corporate law, see Sloan (2024). For the culinary market, see Rainey (2013). For investment banking and
private equity, see Cohen (2019) and the University of Pennsylvania’s career website outlining the hiring timeline:
https://careerservices.upenn.edu/blog/2024/02/22/navigating-investment-banking-recruitment-as-a-sophomore-
insights-and-tips-from-a-wharton-mba-candidate/.

13See Harvard’s career center outline of the hiring timeline: https://web.archive.org/web/20230802051119/
careerservices.fas.harvard.edu/blog/2023/06/23/consulting-application-deadlines/.
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TABLE 1
Markets Unraveling
Corporate law associates Extensive
Investment banking analysts and private equity associates Extensive
High-end chefs and line cooks Extensive
Financial traders Minimal
Assistant professors in economics Minimal
Management consulting Minimal
Programmers and software engineers Minimal

in identifying, monitoring, and approaching talent at other law firms. Some firms
will have entire in-house divisions responsible for screening laterals (see Maloney
2023). The difficulty of ascertaining associate quality at other firms is echoed by
Ginsburg and Wolf (2004, 35-36), who explicitly note “some aversion toward lat-
erals stems from the lack of transparency of legal work.” This lack of transparency
leads to law firms relying on referrals (Ginsburg and Wolf 2004).'

Now consider the subset of markets listed in Table 1 that currently do not expe-
rience unraveling: assistant professors in economics, financial traders, management
consulting, and software engineers. The market for assistant professors in econom-
ics has received much attention due to the shift to virtual interviews. My model
suggests that unraveling should not be considered a significant issue because the
secondary market is very transparent: professors publish research in journals, share
working papers online, and present research to their employer’s competitors. In fact,
my model highlights that it is this transparency that prevents unraveling and not the
existence of a centralized system (e.g., the ASSA meeting). The centralized system
is sustainable because of the secondary market transparency. Now, some may point
to the difference in the timing of interviews and offers as evidence of unraveling.
This is not the case. There is no reduction in available information, as applicants’
complete job packets are still available. The inefficiencies arising from interviews
and offers occurring at slightly different times are due to a lack of coordination
caused by interviewing costs. Even if one enforced a common deadline by which
candidates need to make a decision, these costs remain (see Wapnir et al. 2021 for a
discussion of these issues in the centralized medical match).

On the opposite side of the spectrum are the markets for software engineers
and managerial consultants, which have an opaque secondary market. In the for-
mer, nondisclosure agreements (NDAs) are highly restrictive and comprehensive
(Drange 2021)."3 In consulting, casework is private, and employees are barred from
revealing their clients.

The hiring dynamics in the market for financial traders align with my model
too, although it demands additional nuance due to the large and heterogeneous
set of firms involved. Within the quantitative hedge fund and proprietary trading

4The link between transparency and lateral hiring is clear when considering that noncorporate organizations
like the US Attorneys’ Offices recruit via poaching those with prosecutorial experience. Such a strategy is viable
because court proceedings and performances are public (Ginsburg and Wolf 2004).

1S With the rise of Github, and depending on how the legal landscape around NDAs in the tech sector shifts, one
may expect hiring dynamics to change in computer science markets.
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space, firms target undergraduates. The secondary market, though, is opaque due
to NDAs and, in some cases, prohibitions from publicizing places of employment.
Consistent with this is the minimal unraveling in the sector, especially compared
to the market for investment bankers.'® More traditional hedge funds typically
source junior hires from investment bank trading desks and laterally from other
funds. Unlike private equity firms, which secure commitments within the first
few months of analysts starting their banking jobs, hedge funds do not engage in
such forward contracting. Taking an alternative frame of reference where the pri-
mary market is the analysts’ tenure at an investment bank, the difference in hiring
practices is rooted in the primary market being more informative. Trading desks
at banks receive data about revenue generated by other desks across Wall Street.
Some information is even reported publicly.!’ Also, there is constant communi-
cation between traders on the buy side and sell side due to the nature of the job.
When the primary market becomes more informative, so Mhigh(t) increases for all
t, unraveling dissipates.

Though non-unraveling occurs when the secondary market is highly transparent
or opaque, the equilibrium matches vastly differ. In the former, both firms hire at
the end of the primary market, while in the latter, there is the type of mixed strategy
equilibrium described in Theorem 1. Hence, one would expect to see differences
in the frequency of junior-level lateral hiring in these industries. Industries with
transparent secondary markets will have more lateral hiring than industries with
opaque or inactive secondary markets. This is the case when comparing markets for
managerial consultants to that for assistant professors in economics. Indeed, in the
former, lateral hiring efforts tend to be focused at the senior level, as promotion to a
senior position is one of the few clear signals of quality (Bhattacharya 2015).

It is important to note that my model does not claim that the secondary mar-
ket’s characteristics alone determine whether unraveling occurs. Instead, it high-
lights another avenue by which unraveling can arise. Importantly, it illustrates how
unraveling is a phenomenon that is present in markets where firms are not worried
about whether there will be a shortage of high-quality workers at the end of the pri-
mary market. A case where these insights may not apply is the hiring of appellate
court judicial clerks. There is no secondary market there, yet substantial unraveling
occurs. This does not contradict my model. In my model, there is a “short side” of
the market and a “long side.” Unraveling does not occur in the absence of a sec-
ondary market because the firms are on the short side. In the judicial clerk market,
the viable applicant pool is small; all parties fear that they are on the long side of
the market. Thus, explanations provided by Niederle, Roth, and Unver (2013) and
Ambuehl and Groves (2020) are better suited for this setting.

While the model is described in the context of a labor market, it applies to other
two-sided matching markets with mobile assets of unknown quality. For instance, in

'SWhile high-tier prop trading firms do have internships for undergraduates, they tend to target them toward
those in their penultimate year (e.g., Optiver, Hudson River Trading). Unlike in investment banking, the full-time
analyst classes at such firms are not entirely made up of past summer interns. Moreover, the percentage of interns
receiving such offers is significantly less than that in investment banking. In this sense, their internships function
much more as screening devices than contracting ones.

7 https://www.efinancialcareers.com/news/2022/1 1/bonuses-traders-investment-banks.
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venture capital, one can think of the primary market as the pool of early-stage start-
ups. The secondary market consists of start-ups with funding looking for future
series rounds. The firms finding it difficult to earn large returns are typically smaller,
lesser-known ones that cannot maintain investment relations with successful start-
ups.'8 Prominent venture firms utilize smaller ones as screening devices, poaching
the “winners” in later series’ rounds. As a result, the market has unraveled, with
lesser-known firms investing in start-ups earlier in their life cycle to prevent dilution.

A. Potential Policy Solutions

Two crucial features of the model are the low-tier firm’s ability to block off
information in the primary market once it matches with a worker and the freedom
of the worker to move between firms in the secondary market. Hence, two inter-
ventions may mitigate unraveling and increase efficiency: (i) improving the flow
of information in the primary market and (ii) controlling mobility in the secondary
market.

The first intervention corresponds to increasing My,;,(0), which reduces the
high-tier firm’s incentive to operate in the secondary market. The low-tier firm, then,
need not hire early. Realistically, increasing Mg, (0) would require a shift of the
entire Mj,;,,(t) curve upward and the M,,,,(t) curve downward. This could occur in
two ways. If one interprets —7 as the point when information about candidates starts
being released in the primary market, then increasing the time horizon 7 and extend-
ing the window of the primary market could allow for more signals about candidate
quality to be revealed. Second, establishing mechanisms that directly enhance the
quality and quantity of information released would also make the primary market
more informative. For instance, structured assessments in medical education (United
States Medical Licensing Examination) were introduced in the 1990s to provide
more information about candidates to residency programs. Similarly, platforms like
LinkedIn and Github allow individuals to easily showcase their skills and abilities.
However, while such platforms could alleviate unraveling in the primary market,
they also improve monitoring ability in the secondary market. This can increase
inefficiency due to and Theorems 2 and 3.

The second intervention concerns the issue of labor mobility. While public
opinion on labor mobility is positive, there are several papers highlighting bidi-
rectional effects associated with either permitting or restricting worker movement
(see Shi 2023 and Jeffers 2024). My paper points to an inefficiency caused by
strategic responses to mobility: unraveling and reduced screening. A simple way
to increase match quality in my model is to allow firms to offer contracts restrict-
ing workers from changing jobs. Such contracts would stipulate that a worker can
only leave after some time 7,,,;, > 0. Low-tier firms would have an incentive to
offer such contracts, as it is strictly dominant for them to do so, and workers will
always accept these offers if there are far more workers than slots at firms (see
Observation 1). Including such contracts is especially significant in settings where

181 am grateful to Tomasz Tunguz (partner at Redpoint Ventures) for this point.
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the secondary market is highly transparent. Without them, the high-tier firm mixes
between operating on the primary and the secondary market, and the low-tier firm
mixes between hiring high- and low-signal workers. If firms could offer contracts
prohibiting workers from leaving for a certain period of time, the resulting equi-
librium would have both firms hiring high-signal workers at the end of the primary
market. In practice, such contracts are difficult to implement due to legality issues.
However, clauses that attempt to mimic their structure are utilized in some indus-
tries. For example, Burguet, Caminal, and Matutes (2002) find that in markets
with a high degree of transparency, firms include clauses that confer high quitting
costs on employees. Another method by which firms attempt to prevent movement
is via noncompete clauses.'” Noncompetes have been viewed negatively, but this
is partly because their effect has been analyzed from the perspective of workers
that are already employed (e.g., Dougherty 2017; Balasubramanian et al. 2022).
My model points out that the existence of noncompetes may change the initial
matchings: Workers not hired in the old regime would be hired if long-term con-
tracts or noncompetes were permitted.”” This is especially significant for markets
with a surplus of talent and an active secondary market. Even though high-talent
workers are abundant, low-tier firms often match with lesser-talented workers due
to the threat of poaching. In professional sports, for instance, where the secondary
market is highly transparent, incentivizing small-market teams to screen, draft,
and train talented players is difficult without restrictions on player movement.
Hence, there is a need for long-term, restrictive contracts. In the financial and
tech industries, firms use deferred compensation, discretionary bonuses, and stock
option vesting periods to reduce movement. In areas of innovation, patents play
this role.

V. Relation to the Literature

An extensive literature on market unraveling was spawned by Roth and Xing
(1994), who identified the phenomenon and many markets that had experienced an
unraveling of appointment dates. Along with Avery et al. (2001), they conjecture
that firms “jump the gun” to acquire top talent. Niederle, Roth, and Unver (2013)
formalize this intuition in a market with comparable supply and demand, where
firms and workers both believe that they are on the long side of the market. My paper
demonstrates that unraveling can occur even when talent is plentiful and there is a
supply and demand imbalance. This is not to say that scarcity of talent is unimport-
ant in my model. Though talent is abundant in the primary market, it is scarce in the
secondary market stage, which makes poaching in the secondary stage costly for the
firm losing the worker.”!

19Noncompetes are not necessarily enforced in the United States (e.g., California). Also, in industries such as
corporate law, noncompetes are generally only used at the partner level. No equivalent contract for associate-level
positions exists, which is where unraveling occurs.

2ORelated is the argument that noncompetes can incentivize firm-sponsored general-skill provision (e.g.,
Aghion and Bolton 1987; Marx, Strumsky, and Fleming 2009; Garmaise 2011; Mukherjee and Vasconcelos 2012).
In my model, noncompetes incentivize better screening at the initial stage, leading to better initial matches.

21 Other papers propose different causes. Damiano, Li, and Suen (2005) examine a search and matching model,
where introducing participation costs decreases the fraction of low types searching in early periods. Firms are
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A common theme in the unraveling literature is the presence of informational
uncertainty. Li and Rosen (1998) and Li and Suen (2000) examine matching markets
with one-sided and two-sided uncertainty, respectively. In these papers, unraveling
acts as insurance against being unmatched. In my paper, unraveling is insurance
against competitors poaching a hired worker. However, due to the threat of poach-
ing, coordinating on the time of contracting does not necessarily increase match
quality.

The relationship between strategic signaling incentives in labor markets and
unraveling builds on Waldman (1984); Milgrom and Oster (1987); Ostrovsky and
Schwarz (2010); and Ely and Siegel (2013). The first two develop models where
firms gain by strategically assigning workers and placing talented ones in less
visible positions to prevent wage increases from competition. In my model, firms
cannot limit employee visibility, but they can control the flow of information by
affecting the initial signal of a worker’s ability. Ostrovsky and Schwarz (2010)
endogenize information revelation in the primary market to show that optimal
information disclosure prevents informational unraveling. They do not consider
the presence of a secondary market where more information could be revealed
in the future. While unraveling in their context differs from mine, a secondary
market in their setting can counteract the benefits of informational disclosure pol-
icies. Ely and Siegel (2013) examine a common-value labor market where firms
first observe a private signal about workers and then decide whether to interview.
When interview decisions are public, adverse selection arises, leading to low-tier
firms never hiring. A crucial feature of my model is that it is not a common-value
setting: High-tier firms are averse to hiring certain workers. This aversion, coupled
with the presence of a secondary market, generates adverse signaling incentives.
High-tier firms can opt out of the primary market, monitor workers at low-tier
firms, and poach them in the future. The low-tier firm uses early interviewing to
credibly reduce its sorting ability to disincentivize the high-tier firm from choos-
ing to poach in the secondary market.

My paper fits into a broader literature on poaching in labor markets. Most papers
in this area study how poaching affects firm investment in worker development
(e.g., Moen and Rosén 2004; Leuven 2005). Since general skill training makes a
firm’s workers more attractive to outsiders, poaching reduces the firm’s return from
such training. Ferreira and Nikolowa (2023) develop a model where firms choose
whether to retain or hire managers externally and look at how poaching affects talent
flow across and within firms. My paper differs in that I focus on how the presence
of poaching impacts firms’ screening incentives before hiring occurs; it affects the
type of worker hired in the first place. In this way, the results in my model are con-
nected to those in Tervio (2009), which finds that firms reduce investment in talent
discovery when worker movement is prevalent. While there is no actual “investment
cost” to discover talent, firms can use the timing of hiring as an effective way to alter
their talent-screening ability.

incentivized to match early or face a pool of workers bereft of talent. Hataburda (2010) and Echenique and Pereyra
(2016) view unraveling similar to a bank run: Unraveling by one firm incentivizes unraveling by others. Fainmesser
(2013) highlights the effect of networks and social connections on unraveling.
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VI. Discussion of Assumptions

For poaching to be a concern, it must be easy for workers to move and, condi-
tional on it happening, costly for the poached firm. In the model, this is assumed.
There are no switching costs, and if a firm loses a worker, it loses all the value asso-
ciated with her.

Self-Insurance and Replacement.—A key driver of the results is that while talent
is abundant early on, it is scarce in the secondary market. If there is no scarcity
in the secondary market and replacement costs are low, retaining talent is not a
first-order concern. The assumption that there is no opportunity for rehiring in the
model reflects the cost of screening and training. Furthermore, in reality, the returns
to training are often only realized later in a worker’s tenure, in which case poach-
ing is especially detrimental. Even if firms could rehire, they would need to “start
over.” Now, firms concerned with poaching could theoretically hire more workers
in the primary market as a form of self-insurance. In the context of the model, the
low-tier firm would hire a second worker, assigning her to the productive task once
the present worker is poached. In the human resources literature, this is an example
of “overhiring.” If firms could do this, it would be an effective way to deter poach-
ing and reduce the need for unraveling. Consistent with this is the historical lack
of unraveling in tech labor markets, which are labor markets where overhiring is
common. However, there are negative effects associated with overhiring: decreased
productivity, lower morale, and diminished reputation.

Multiple Firms.—Allowing for multiple firms elucidates the importance of the risk
of poaching to unraveling. With only a single low-tier and high-tier firm, the low-tier
firm is guaranteed to be poached if the high-tier firm operates on the secondary mar-
ket. Suppose a second low-tier firm is in the primary market. The high-tier firm’s
payoff from poaching increases because of optionality. However, the individual prob-
ability that each low-tier firm will be poached decreases. To generalize, if there are
very few firms poaching relative to the number of firms available to poach from,
then poaching is not a serious threat. When the individual threat of poaching reduces
to ~ 0 and talent is abundant, the market will not unravel. The lack of a threat of
poaching eliminates the adverse signaling incentives, allowing the ex ante efficient
matching to be achieved. Unraveling is a phenomenon that occurs when there is a
hierarchy of firms and poaching is a credible event. Well-known markets fitting this
description are the private equity space, academia, corporate law, venture capital, and
professional sports.

The opposite case is also insightful: two high-tier firms, one low-tier firm. If both
high-tier firms operate in the secondary market, scarcity in that stage forces them to
use a poaching rule with a break-even threshold belief. The high-tier firms simul-
taneously rush to poach the worker. This parallels aspects of the private equity and
investment bank labor markets. Banks hire at the university level, but private equity
firms rush to contract with banking analysts at the start of the secondary market. The
payoff from operating on the secondary market decreases due to additional compe-
tition for scarce talent. I conjecture that there will be multiple equilibria. A salient
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one consists of the low-tier firm hiring early and the high-tier firms mixing between
hiring at the end of the primary market and on the secondary market. In this equi-
librium, one observes unraveling in the primary and secondary markets. The latter
occurs when the realization of the mixed strategies results in both high-tier firms
operating on the secondary market.

Switching Costs.—In my model, it is costless for a worker to switch firms. If
a worker incurs a cost of ¢ when changing jobs and a poaching firm must com-
pensate the worker, poaching becomes more difficult. Switching costs, then, deter
unraveling in talent-rich settings, akin to how opaque secondary markets mitigate
unraveling. This may explain why unraveling commonly occurs in entry-level
markets, where workers enjoy greater mobility and fewer age-related barriers to
changing jobs.

The talent-rich descriptor is substantial and necessary for the argument.
Suppose that talent is scarce in the primary market. The logic that transparent sec-
ondary markets reduce unraveling remains valid. However, high switching costs
have a different effect in this environment. With high switching costs, the threat
of poaching in the secondary market vanishes, and firms focus solely on the pri-
mary market. Consequently, unraveling may arise due to competition for scarce
talent.

Wages and Adverse Selection.—In the paper, there are no wages. One reason
is for simplicity. A second is that in the entry-level markets discussed, wages are
standardized with little variability. Including wages and negotiation leads to adverse
selection in the secondary market. Suppose that F; initially pays a wage w. F; must
pay a wage of max{w — 4, 0} to successfully poach the worker. Assume F; knows
the worker’s type. If Fy offers a wage w < max{Z{z, — 5,0} and successfully
poaches, it knows the worker is low type. Thus, Fj; will only poach once it is willing

. 70— max{ZL — 5,0} R
to pay max{Zqu — 5,0}. Hence, B* = _1Og<zf — maxizg, - 5,0{ . R_;
independent of the initial wage, F; offers w = 0 in equilibrium. Theorem 1 still
holds, but with new transparency thresholds a,.; and ajg, Where ey > Qupeq
and Qjien > gy Adverse selection reduces the threat of poaching, mitigating
unraveling.

. Since B* is

VII. Conclusion

In most industries, the initial match between an employee and a firm is not per-
manent. After a worker is hired, it is often the case that she will receive offers from
competing firms. The addition of this secondary market, whereby firms can poach
workers from other firms, introduces a new channel by which unraveling can occur.
Unraveling is no longer a race to acquire top talent but a strategic decision made
by low-tier firms to retain workers they do hire. While increased secondary market
transparency decreases unraveling, it does so at the expense of efficiency. A highly
transparent secondary market incentivizes the low-tier firm to screen workers to
ensure it has not hired one.



VOL. 17 NO. 3 VOHRA: UNRAVELING AND INEFFICIENT MATCHING 435

TABLE A1—NOTATION

Meaning
4 Payoff to firm F; from hiring worker of type ¢
« Transparency of the secondary market; signal-to-noise ratio (%)

Miyig(1)s Mioy, (1) My;g(1) is the highest feasible probability with which a hired worker can be of high type.
M,,,(t) is the lowest feasible probability. At time #, a firm can identify a worker that has a
probability of M, (1) or My, (1) of being high type.

1— /142 1+,/1+i—§
Ry, Ry Ry =—%— 2

o R, —

p, 0 For computational convenience, I will generally work in the log-odds space of the beliefs,
Q0 = ]og(l fp) I will refer to both Q and p as the “belief.”

I;(p) The expected payoff to firm F; from employing a worker forever that is high type with
probability p. Ii(p) = pZy+ (1= p)Zy = eQ(eQz;, + 7).

i(p.p') The expected payoff to firm F; when F}; operates on the secondary market holding initial

belief p’ about the worker and F; has hired a worker that is high type with probability p.
Fi(P) ri(l’) = Ei(lhl’)-

APPENDIX: OUTLINE AND ROADMAP

Notation that will be used in all proofs is displayed in Table Al. I provide the
definitions of strategies and equilibrium in Appendix A.

In Appendices B1 and B2, I compute the high-tier firm’s optimal poaching rule.
Then T work out the payoff function for the low-tier firm (X,) and high-tier firm
(T'y) when the high-tier firm operates on the secondary market. Lastly, I include
lemmas describing the properties of these payoff functions, which will be used in
the subsequent analysis.

In Appendices B3 and B4, I establish the existence and properties of the indif-
ference beliefs, p;,; and p. The proofs rely on the findings in Appendix B1 and
Appendix B2. The lemmas in this section build upon one another and culminate in
two central results: Lemmas 8 and 9, which prove that when the preferences of the
firms are not aligned, p* < p;,y < pforalla > aypugue-

Appendix C and Appendix D characterize the equilibria of the game for all trans-
parency levels, given any possible values of the indifference beliefs.

Step 1: (Appendix C)—I characterize the equilibria of the subgame initiated
when the low-tier firm enters the primary market at time 7 (i.e., “z-SE”). At a given
time ¢, the low-tier firm only has access to workers that are high type with proba-
bility in [Mlow<t)7Mhigh<t)]- The #-SE depends on whether p lies in the interior of
[M ,,,W(t),Mhigh(t)] and if it is greater than p;,,. This results in multiple cases, each
yielding a different set of #-SE.

Step 2: (Appendix D)—I identify which distributions over [~T7,0] can be sus-
tained in equilibrium. I need to show that there exists a collection of ¢-SE such that
the times in the support of the distribution maximize the low-tier firm’s payoff given
the collection of #-SE selected.
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Appendix E contains the proofs to Theorems 1, 2, and 3. The latter two theorems
are proven once Theorem 1 is established. To prove Theorem 1, I use the fact that
when firm preferences are not aligned, p* < p;,q < p for all & > ,pegu.- then
becomes a consequence of a subset of lemmas from Appendix D.

APPENDIX A. NOTATION AND DEFINITIONS
Al. Primary Market

The primary market must be such that the earlier a firm interviews, the lower
its ability to sort between high- and low-type workers. To capture this, I model
interviewing as a probabilistic test on each worker that returns a high or low signal
(denoted by lowercase & and /) depending on the true type of the worker.

DEFINITION 2: x;,x; € [0, 1], an (x;,x;)-testis a signal applied to each worker that
returns h (high) or I (low) such that x,, = Pr(h|0 = H) andx, = Pr(l|0 = H).

Any (x;,x;)-test induces an ordered pair (pj,p;) where p, = Pr(6 = H|h) and
pi = Pr(6 = H|I). A partial ordering can be defined on the space of (2, x;)-tests:

DEFINITION 3: An (xy,x;)-test is more powerful than an (%, X,)-test if and only if
pn = Pnandp; < py.

Consider any M: [—T,O] — [O,l] X [O, 1], where Z\N/I(t) is an (x,x;)-test. To
incorporate the feature that one can sort more effectively at later times, I impose
the constraint that for M to be admissible, M () must be more powerful than M (')
for + > . Call such an M a testing map. It follows from Bayes’ rule that any
testing-map M generates a unique mapping M. Likewise, any mapping M corre-
sponds to a unique testing map M.

A2. Strategies

DEFINITION 4: A low-tier firm strategy is a distribution \ over matching times
[~T,0] and a set of hiring policies h, € [Mlow(t),Mhigh(t)] foreacht € supp(\)
specifying the probability the worker it hires at time t is high type.””

DEFINITION 5: High-tier firm initial beliefs are a mapping 1 : [-T,0] — [0,1],
where ), = 1/J(t) represents the initial probability the high-tier firm attaches to the
low-tier firm hiring a worker that is high type conditional on the low-tier firm hiring
at time t.

22 Hiring a high-type worker with probability in [M low(1)> M,l,»g,,(t)] is possible via randomization over high- and
low-signal workers. The randomization weights are unimportant: Conditional on the high-tier firm’s strategy, the
low-tier firm’s payoff is linear in the probability that the worker it hires is high type.
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DEFINITION 6: A high-tier firm strategy specifies a probability x, € [0,1] of
hiring at the end of the primary market and a poaching rule T, to follow on the sec-
ondary market conditional on the low-tier firm matching at time t.

Consider each subgame initiated when the low-tier firm enters at time ¢. Call this
a t-subgame. A t-subgame equilibrium consists of the low-tier firm’s hiring policy
at time ¢, the high-tier firm’s initial belief ¢/, and the high-tier firm’s strategy condi-
tional on the low-tier firm hiring at time ¢, such that each firm is behaving optimally
and beliefs are consistent. The latter means v, = h,. As the optimal poaching rule
7, is a static belief-threshold rule 7* (Proposition 1) and the high-tier firm’s initial
belief must be consistent, a -subgame equilibrium is characterized entirely by an
ordered pair (1, X;).

DEFINITION 7: Given t, a t-subgame equilibrium (-SE) is a pair (1, x,) such
that

(l> ¢t € [Mlow(t)’Mhigh(t)]a
(if) x, € argmaxg<,<; X - HH(Mhigh(O)) + (1 = x) - Ty (),
(iii) b, € argmaxy, ()<p<m,, () X1 (P) + (1 — xi) Be(p. )

DEFINITION 8: An equilibrium is a distribution \ over [—T, 0] and a collec-
tion {(wt, X:) }le (10| such that (¢,,X;) is a t-SE for every t € [—T,0|, and for all
t € supp(N),

I € argmax Xt’HL(¢t’) + (1 - Xt’) EL(¢IG 1/};/)-
re[-T,0]

PROOF OF OBSERVATION 1:

Since N is discrete, there is a nonzero probability that all individuals emit the same
signal in an interview. In this situation, I assume that the firm randomizes over whom
it hires. Receiving an offer gives the worker information about her type. She may
reject it, believing that she has a better chance of receiving an offer from the high-tier
firm. For large N, I will show there is no gain from such “strategic rejection.”

Let (xfg, x’L) denote the binary test associated with the primary market at time 7.
Let 3(1,N) be the posterior probability that a worker is high type given she receives
an offer at time t+ when N workers were available. Let A, 3 = (3 (1 — x},) +
(1 — ﬂ) (1 — xi) be the probability that a worker fails the test at time ¢ when she is
high type with probability j3.

; AV (1= Ayt (1 xp) A
(i) ﬁ(r,N+1):(N+1)ﬁ<x;,Z§XO(1Z) L I<<+1 5) +( N’i:l)l ﬂ)

(ii) [3is weakly increasing in 7 and N, and limy . B(z, N) = Mﬁ
H - L
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Suppose that there are N 4 1 workers and all except worker i will accept any offer
they receive. From worker i’s perspective, the probability of receiving an offer from
Fyatt = 0 if she rejects one from F at time ¢ is

= Aivﬁk : ( At,ﬁ)k At,,@(z,N+1)A§Y§1
(1= Bwn) & (V) = + =

AN k— 1(1 o At,()’)k
D E

<N21(N

1
+ =
k=0 N

_ oA
NOI-Ay N
The above expression approaches 0 as N grows large. B
APPENDIX B. POACHING AND INCENTIVES

B1. Optimal Poaching Rule

LEMMA 1: Given belief process {p,}, the optimal stopping problem

supTE[e_”g (p-) \po] has a solution of the form 7 = inf{t: pe & (ab) }
PROOF: T

As {m},~¢ is Markov, p, = o= 13)’ '(1 =D The innovation theo-
rem implies that dp, = “_L(1 — p,)p,dB,, where B, = L[m, — (juy — 1) Jy Psds]

is a Brownian motion with respect to the filtration {F/}. Thus, {p,},>( has the strong
Markov property. Let U(po) = sup, E[e " g(p.)|po] be the value function. The
continuation region is given by C :={p:U(p) > g(p)} and the stopping region by

= {p:U(p) = g(p)} (see Peskir and Shiryaev 2006). Continuity of {p,}, means
that I can restrict attention to a connected subset of C around p,. The lemma follows. B

PROOF OF PROPOSITION 1:
I will work in the log-odds space, Q, = log( p) By Lemma 1, the opti-

mal poaching rule is characterized by a continuation region around Q. For any 7
= inf{t > 0:0, ¢ (b,B)} with initial condition Q, € (b,B),

—R(Qy—b) _ e*Rz(QO*b)

Pr(Qr = BI0 = H)E[e 7|0 = H.0: = B] = Cqr—rmmr,

e

e R (Qo=b) _ e—Rz(Qo—b)

Pr(Q, = B0 = L)E[e™"[0 = L.Q, = B| = “R\(B=b) _ ,—Ra(B-b) -
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There is no cost of observation, so there is no rejection threshold. Thus, the optimal
poaching rule is of the form 7 := inf{t > 0:Q, > B} for some B > 0. Taking
limits as b — —oo shows that the payoff from such a poaching rule 7 with initial
condition Q) is

H
ZZ e eR,(B—QO) + 43 e—Rz(B—QO)
1+ e% 14 e

The maximum is attained in the interior. The first-order condition yields B*
— _log(ZiR1) u
- %k

B2. Payoff Functions When High-Tier Firm Is on the Secondary Market

Given the optimal poaching rule 7*, the payoff equations on can be expressed

more explicitly. The high-tier firm’s payoff when operating on the secondary market
e

with initial belief p = 1 is

+ €@
LQ L ZfeRB0) L gl R(E0) if g < B
(1) FH<Q;OZ) _ 1+Qe 1 1+e .
e . 7H . 7H . > *
1+ €@ ZH+1+eQ ZLs itQ > B

F;’s payoff from employing a worker that is high type with probability p when Fy
operates on the secondary market with initial belief p is

(2) TL(Qs)
) 1ngQ . Z]L—](l — eRI(B*7Q>) + l_:eQ . ZII:(I _ e*R2(B*,Q)>’ lfQ < B*

LEMMA 2: Fix o. T'y(Q; o) is strictly increasing in Q.

PROOF:

Given (1), the claim is trivially true when Q > B*. For Q < B*, consider Q'
€ (Q.B"). By optimality of B*, the payoff under threshold B" must be strictly
greater than using a threshold of B* + Q' — Q > B™:

Q, !’ a
e H R (B— 1 H —R,(B*—
e g 0) L gh,k(5-0)
142 7" 1+¢2 °F

e?
1+ €9

ZHeR(B=0) L gH R(B'-0)

>
1+ €9

/

0

e¥  H R (B"-0) I H,—R(B"-0)

> ZH Ri( + ZHe
1+¢2 7# 1+¢2 °F

= ['y(Q;a)
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LEMMA 3: If Q < B*(G&) for some &, T'y(Q;«) is strictly increasing in o for o

> Q.

PROOF:
From (1): Ty(Q: &) = eRi(8)-(B°(4)-0) . (

1+eQ.

Zht g 2 00)

1+ e?

0
As Ty(0;4&) > 0, it must mean —— - Z&
u(Q: &) o0 LHT

+

! Q-ZLe*(B*(O‘)*Q) > 0 for
e

all @« > &. Now, consider o and o such that @ > «” > &. Using the fact R, is

increasing in «,

« o «
o Ry (a)-(B* (") —Q) . e ) 1 _oH _—(B*(a")—0
Fy(Q;a) < e () (B"(e")~0) (1 0 +—1 0 ZH e~ (B'(a) ))
. o .
R\ (a')-(B*(a')—0Q) . e . 7H 1 . —(B*(a)—0
< e ()( (o) ) (1 eQ ZH—|—1 eQ ZLe( () ))

The last inequality follows from the optimality of B* (). B

PROOF OF PROPOSITION 2:

Taking the expression for I'; in (2) and expanding yields

I (Q:a) = 1 Q(eQZ%ﬁ— zF) -

1+e

4

1+

O

Substituting in the formula for B* and differentiating with respect to Q,

%z - 7h)
(1+e9)?

ar,
90

ko Rat Rye®— €@\ (74 R,
(1+€9)? zi R

Therefore, FL(Q; a) is decreasing in Q whenever

ZH
e?(Zf; — Z§) — e®2(R, — Rye9) <Z—f, :
L

zi R\*'(zj
o e®NQ(R, — ReQ)(ZH. 11 Zi o
(R: = Rie) zi R zk

R,—1 R. 7H
Zh+ Zi oo ).
) ( "Rz

R\ Ziy\ _ Zi _
Ry 71 zE
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The left-hand side is strictly increasing in Q. The inequality is violated for Q suf-
ficiently low and satisfied for Q sufficiently close to B*. Hence, I'; is single peaked
with optimum at a unique Q* < B*. 1

H

LEMMA 4: lim,_Q" = 10%(‘%) and lim,,_,. Q" = —ox.
H

PROOF:
Q*is continuousina € (O, oo) as it is the solution to the equation 0T'; /00 = 0.

i . 0 .. ..
For 0 < 10g(—§—%>, lim, o[, (Q;x) = . j_ eQZ}, + n +1 = 7% 23 This is positive

H
and strictly increasing in Q. For Q > 10g(—§—%), lim, o' (Q;a) = 0. The
first part of the lemma follows. From Lemma 8, Q" < Qs for a > ayuque-
Corollary 1 implies lim,,_, . p;j,s = 0,and solim,_,., Q;,s = —oo. The second part
of the lemma follows. B

B3. Indifference Beliefs: Existence

Define p;,,; and p to be these beliefs, respectively:
(3) Pina = min{p: ¥, (p',p) = X (p".p) forallp,p” € [0,1]},
4) P = min{PirH(ﬁ) > HH(Mhigh<O))}-

In log-odds space, let these quantities be denoted by Q,,, and Q, respectively. The
indifference beliefs are endogenous, depending crucially on «, the match quality
values, and sorting ability at the end of the primary market (M;g;(0)). For exposi-
tion, I suppress dependence on these quantities unless necessary.

Because I'y(-) is continuous and strictly increasing in Q (see (1) and Lemma 2,
respectively), the intermediate value theorem guarantees that p exists and is the
unique solution to Ty (p) = Tl (Mjign(0)).

LEMMA'S: p is strictly decreasing in « for « > Qupagues and lim,_ . p
11(Miign(0))

Zy

PROOF:
Recognize that p < M),;,;,(0).>! Since B* is strictly increasing in o and B*(Qtopague)

= lo _Miign(0) it must be that Q(a) < B*(a) for all & > « Given
= g - Mhig/,(()) . opaque *
any o and o' such that @' > @ > @ppuques

FH(Q(OZ),O/) > FH(Q(OZ),Q) = HH(Mhigh(O))'

Lemma 3 Definition of Q)

H
2>Whena — 0,B* — log<f%),R1 — —ooand R, — o0.
H

24 As I(p) is also the payoff from Fy poaching immediately, I'y(p) > Tly(p).
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As T'y(+) is increasing in Q, it must be that O(a’) < Q(«). This proves the first
part of the lemma. The last part follows from the fact that lim, . T'y(p) = pZ4
for any p. n

To show that p;,, is well defined, recognize that if F5’s initial belief equals the
threshold belief, F; receives a payoff of 0. Hence, the set in (3) is nonempty, Q;,q
() exists, and Q;,q(o) < B*(«) forall a.

Suppose that Fy; holds an initial belief Q < B* about the worker hired by F;. F;
1 — e R(B0)

1— ME-0"

L
strictly prefers a high-type (low-type) worker if and only if % > (<)

o P R XU . R
F; is indifferent between worker types only when 7= RO I will show
L —e

that Q,,,, is pinned down by the solution to this equation. First, I need the following
lemma:

_ o, R(B-0
LEMMA 6: For any «, the function lleki(;»,g)) is strictly increasing in Q for Q
< B". —
PROOF: .
It suffices to show ﬁ is strictly decreasing in x forx > 0, wherea > 1
— e

is a constant. It is strictly decreasing if its derivative is strictly less than 0:
S flx) = (a=1)-(1-e*) —a- (1 - e(“*l)x) < 0.

Now, f'(x) = a(a— l)e(’kl)"(l —e") < 0 for all x > 0. Moreover,
f'(0) = Oandf(0) = 0. Therefore, f(x) < Oforallx > 0.

With Lemma 6 in hand, I can completely characterize Q.
Z%I RZ(Q) * .
LEMMA 7: If? > “Ri(a)’ then Q;,4(at) = B*. Otherwise, Qjq() € (—oo,
L 1 I "
* . . . ZH _ 1 — e*RZ(B *Q)
B (a)) and is the unique solution to 2 A

PROOF:

_ o R(B-0
By Lemma 6, the supremum of 1= o)

— JR(E-0)

. . 1 — eiRZ(B*iQ) o
is limg_ p- T

Rz(a) Zﬁ R2(a) Zl[:1 11— e_RZ(B*_Q) * *
Ri(@)” I Z > R then 7t > A0 for all Q < B*. Thus, Q;,; = B".
L Ry(a
ZH 2( ) . . . . / *
If — < — , Lemma 6 implies that there is a unique Q° < B™ such
43 Ry(a)
that 28 — 1=e ™79 55
ZE T 1 0]

| om0 A | oRlE-0)
1_ k-0 1< Z < limg__.g- 1 — oRiE—0) "

251 — ¢ R(B0)

RO is strictly increasing in Q, and limgy_,
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COROLLARY 1: lim, .. pjq = O.

PROOF:
Rl is strictly i ing i d li _ Re(a) Theref
Ri(a) y increasing in « and lim,_ . Ri@) 00. Therefore,
ZZ RQ(OC) A ZL

there exists «; such that for o« > «, = < — and Q,,,(a) satisfies =2
o e "7 TR M Owmle) Z

| — RB=Cu)
Forany O € (—00,00), lim,_,

1 — ¢ R(B-0Q) .
T - Thus, for a given Q, there
— e

1 — e R(50)

W By Lemmas 6 and 7

. z
exists o, such that for a > max{ay,a,}, Z—’Z <
L

Qina < Qforalla > max{aj,a,}. As Q was arbitrary, the lemma follows.
B4. Indifference Beliefs: Ordering
LEMMA 8: If & > ppuques then ping > p*.

PROOF:
If pi.g = B”, p* is trivially less than p;,;. Therefore, consider when p;,;, < B™.
Suppose for sake of contradiction that p;,; < p*. Then,

Li(p*) = Z(pp*) < E.(0,p") < ¥(0,0) = T',(0).

This contradicts the optimality of p*. B

LEMMA 9: If— < L M) < Bforalla > a
ZL 1— Mhigh(o)’ Pind V4 opaque*
PROOF' . ZZ Mhigh(o) RZ(av[mque) . Rz(Oé ..
First, recognize that ——; - —————~ = —————=. Since — is increas-
p Ry(a) 2L 1 — My, (0) Ry (opague) Ry(a)
ing in a, Z’Z < -3 @ forall @ > a,puque- Thus, if p;,y > p for some secondary
L 1
market transparency level @ > 444 Lemmas 6 and 7 imply that
—p z5 3
—Ry(B"— B*—
1 — e Rl Q)<ZL [1 — er(5-0)]

o eh(r-0) o D,
ZL I - Mhigh(())

= Myign(0) Zf + [1 — Mygn(0)] 27

HH(Mhigh(O))

Zi, Mu©) 1y e

> Mygn(0) Zi5e" 150 4 [1 = My, (0)] 21 e 0

pZHR(B—0) | (1 - )de*Rz(B**Q),

Ty (p)
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contradicting the definition of p. B
BS5. Proof of Proposition 3

When constraining Fy to operate on the secondary market, I adjust equilibrium
definitions 7 and 8 by setting x; = 0 and eliminating F’s decision problem from
the equilibrium conditions. A #-SE in this constrained setting is characterized by the
value ¢, € [M,aw(t),Mhl-gh(t)] such that

(5) Y € argmax (1 - Xt) 2L(p’ Q/}t)

Mluw(t) Snghigh(t)

By Lemma 8, p;q > p* = Myg,(t*) > B, and 5o pyg > M,,,(t) for all .
Therefore, the unique solution to (5) is v, = min{pind,Mh,-gh(t)}. Hence, if F;
matches at time ¢, its payoff is X, (¢, ;) = T1(v).

As p* € [ﬁ,Mhigh(O)], there exists #* such that M, (t) = p*. Matching at
time t* givesFLapayoffofFL(min{pind,Mhigh(t*)}) = FL(Mhigh(t*)) = T'1(p").
Since I'; (p*) > T'(¢,) forallt # 1" by Proposition 2, it follows that the equilib-
rium outcome is F; matching at time 7*. B

APPENDIX C. t~-SUBGAME EQUILIBRIA

A t-SE (1, x;) depends entirely on the values of p and p;,,, and their ordering
within the set [My, (1), Myign(7)]. The following lemmas show that for each 7, a #-SE
exists, and the probability that the hired worker is high type is unique. The strategy
of the high-tier firm in a #-SE is unique except for some edge cases that occur when

P € {Mipy(1), Myign(1) }-

LEMMA 10: Suppose p € [Mlow(t),Mhigh(t)]. In a t-SE, F; can not match with a
worker that is high type with probability p # min{max{ﬁ,pmd},Mhigh(t) }

PROOF:

Suppose that there is a -SE where F; matches with a worker that is high type
with probability p # min{max{ﬁ, Pina}»Mhign(?) } Let x, denote Fy’s strategy in
the +-SE. If p < p, then x, = 1. F can increase its payoff by hiring a worker that
is high type with probability Mj,,,(t) > p > p.

If p > p, then x, = 0. F,’s payoff is ¥/ (p,p). Given p # min{max{p,piu},
Mh,»gh(t)}, it must also be true that p # p;,s. Now, if p < p;.e either F; has a
profitable deviation by hiring a worker that is high type with probability p’ €
(p,Mhl-gh(t)) , or such a deviation is infeasible. The latter only occurs when p =
Mqn(t), contradicting p # min{max{ﬁ,pmd},Mhigh(t) } If p > pjna Fr can hire
a worker that is high type with probability M, () < p < p, receiving a payoff
of 2L<Mlow<[)9p) > Y(p.p)-

f V4 :ﬁ’ then p # min{max{]_?’pind}’Mhigh(t)} means ﬁ < min{pind’Mhigh(l)}'
Deviating to hiring a worker that is high type with probability M,,,(f) yields a
payoff of x; Lz (Mpign(t)) + (1 — X) EL(Mpign(1).p) > x:Hr(p) + (1 — x,)X.(p,p). W
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LEMMA 11: Suppose p & [M,,,(1), My;e(1)]. There is a unique t-SE (1, X,)-
(i) Ifp < My, (1), then 1, = min{max{M,OW(t),pmd},Mh,-gh(t)} and x, = 0.
(il) Ifp > Myg(t), then i, == My (t) and x, = 1.
PROOF:

(i) If a +-SE exists, it must be that x, = 0 as p < M,,,(t). Suppose that F;,
matches with a worker that is high type with probability p in a #-SE. Its payoff is
Y(p.p). By definition of p;,. X (p',p) is strictly decreasing (increasing)
in p’ when p > (<) pjuq. Therefore, if p;,; < My,,(t), F does not have a
profitable deviation if and only if p = M, (). If pijpg > Mign(t), Fy does
not have a profitable deviation if and only if p = Mhigh(t). Finally, if p;,,
€ [Mlnw(t),Mh,-gh(t)] , F; does not have a profitable deviation if and only if

P = Pind-

(ii) Since p > Mg (1), Fy hires at the end of the primary market. It is optimal
for F; to hire a worker with the highest probability of being high type. B

LEMMA 12: Suppose p € [Mlow(t),Mh,-gh(t)] and p < pi.a In equilibrium, F|
matches with a worker that is high type with probability 1), = min{pmd, Miyign(1) }

(i) Ifp < Mhigh(t), the t-SE is unique with x, = 0.

(i) Ifp = Myig(t), there is a t-SE for every x, € [0,1].

PROOF:
By Lemma 10, if an equilibrium exists, ¢, := min {p,-nd, Miyign (1) }

(i) 1), paired with y, = 0 is a ~-SE: by deviating, F; can only match with a
worker that is high type with probability p < Mh,-gh(t), yielding a payoft of
EL(IJ’ 7/’[) < EL(% 7/’[)'26

Suppose a 7-SE exists with y, > 0. As x, > 0, it must be that F; matches
with a worker that is high type with probability p < p. Therefore, p
= Ping»and s0 ¢, = p. F’s payoffis x, 11 (p) + (1 — x;) X.(p,p). Since p
< Mhl-gh(t), deviating to a worker that is high type with probability p
€ (ﬁ,Mh[gh(t)) is feasible and improves its payoff: I1, (p) is strictly increas-
ing in p and ¥ (p,p) is constant in p given p = pj,.

291f 4, = pias then S(poh) = Bp(Ypihr). I, = Myg(1), then ping > Miyg(1), which in turn implies
EL(vahigh(t)) < ZL(Mhigh(t)aMhigh(t)) forallp < Mygy(t)-
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(ii) For x, € [0,1], F.’s payoff is x,II.(p) + (I — x;) X.(p.P). The
only feasible deviation is to a worker that is high type with probability
p < P = My (t). Since I1,(p) is strictly increasing in p and X, (p,p)
is weakly increasing in p given p < p;,4 such a deviation reduces F;’s
payoff. m

The final possible 7-subgame is when p € [Myo,,(t), Mpign(7)] and p > pjsg By
Lemma 10, if a #-SE exists, F; must match with a worker that is high type with
probability ¢, := p. To pin down Fy’s strategy in this #-SE, it will be instructive
to consider F;’s payoff when Fy hires at the end of the primary market with prob-
ability x:

(6) x -1 (p) + (1 — x) - 3. (p.P)-

The function in (6) is linear in p. Now, when F operates on the primary market,
F prefers high-type workers, but when Fj operates on the secondary market, F;
prefers low-type workers. The latter follows from v, = p > p;,s. Therefore, there
exists a cutoff ¥ € (0, 1) such that for x > X, the function in (6) is strictly increas-
ing in p; for x < X, it is strictly decreasing; and for x = X, it is constant.

As a result, the following lemma is immediate.

LEMMA 13: Suppose p € [Mlow Mh,gh( )] and p > pi.e In equilibrium, Fp
matches with a worker that is high type with probability 1, == p.

(i) Ifp € (Mluw(t),Mhigh(t)), the t-SE is unique with x, = X.
(i) Ifp = Myg(1), there is a t-SE for every x, € [X,1].

(iii) Ifp = Mip,(t), there is a t-SE for every x, € [0,X|.

APPENDIX D. GENERAL CHARACTERIZATION OF EQUILIBRIA

I characterize the equilibrium for @ > 44, Note that @ > 44, implies p
< Mjg(0). T split the analysis into the following cases: p > 3, p < 8 < piu
and max{p,pya} < 0.

Recall that verifying whether a distribution over matching times [—T, O] can be
sustained in equilibrium amounts to showing that there exists a collection of #-SE
(one for each t € [—T, O]) such that the times in the support of the distribution
maximize the low-tier firm’s payoff given the collection of #-SE selected.

Additional Notation: Let 7 and 7 be the times such that M., (7) = p and
Mlow( ) = p The former exists when p € [3,M},;g,(0)]. The latter exists when p
[Mluw ﬂ] As @ > Qgpaque t s strictly less than O when it exists. Define

o= argmax;c|—r,| FL( hzgh(t))
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OBSERVATION 6: In equilibrium, F; never matches with a worker that is high type
with probability p < p.

PROOF:

By Lemmas 11-13, if F; matches at time # where p < Mj,;,;,(t), then F; matches
with a worker that is high type with probability p > p. By Lemma 11, match-
ing at ¢ with Mj,g,(f) < p results in a payoff of HL(Mh,-gh(t) . Such a t exist-
ing means 7 exists. Matching at # € (t,7) leads to a payoff of HL(Mh,-gh(t’))
> T (Myigi())-

Casel:p > (.

Asp > [, time 1 exists. I split into two subcases, p > [Fand p = [, due to the
potential knife-edge situations that arise in the latter. However, across all subcases,
the equilibrium involves F; hiring at either time 7 or ¢*.

LEMMA 14: Suppose p > [3:

(i) If O (p) > I‘L(Mh,-gh(t*)), the equilibrium is unique. F; matches with a

high-signal worker at t. Fy matches at the end of the primary market.

(if) IfFL(Mhl-gh(t*)) > M, (p), the equilibrium is unique. F; matches with a
high-signal worker at t*. Fy operates on the secondary market.

(iii) IfTo(p*) = T1.(P), any mixture over the strategies described in (i) and (i)
constitutes an equilibrium.

PROOF:

Fort < f,pisstrictly less than My, (t),and fort > #,p € (Mlow(t) Mien(2) ) .
Lemmas 11-13 imply that there is a unique ¢-SE for ¢ # ¢. By Observation 6, there
is no equilibrium where F; matches at time ¢ < 7 with positive probability.

(i) Lemmas 12-13 imply that the payoff from matching at r > 7 is either
XM, (p) + (1 — X)X, (p,p) for some X < 1 or FL(min{pmd,Mh[gh(t)}).
Either way, the payoff is below II,(p — ¢) for sufficiently small ¢ > 0.
Continuity implies existence of a 7' € (—T,7) with My,,(f) > p —e. By
Lemma 11, the payoff from matching at 7' is T, (Myg (7)) > T (P — €).
Thus, if an equilibrium exists, F; matches at time 7.

In all 7-SE, F; matches with a worker that is high type with probability p
(Lemmas 12-13). In addition, there is some X such that F hiring at the end
of the primary market with any probability x; € [¥, 1] constitutes a 7-SE.
For any 7-SE with x; < 1, there is a ¥ € (—T7,7) sufficiently close to 7
such that F; matching at ¢ yields a payoff of HL(Mhigh(t/)) > xi11.(p) +
(1 — x7) X.(P,p)- Therefore, the only selection of 7-SE that always exists
and can be part of an equilibrium of the whole game is when x; = 1.
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(i) If FL(Mhigh(t*)) > II(p), it must be that My, (1) > p. In turn, p;,

> p.?” By Lemma 12, if F; matches at time ¢ > 7, its payoffis FL(min{pind,
Mipign(1) }) Thus, the equilibrium must be F; matching at time ¢*.

(i) If T (Mpgn(r")) = T(p), then My (1*) > p > (. As in (ii), there is a
unique #-SE for each ¢. As F| is indifferent between matching at 7 and ¢*, the
claim follows. B

LEMMA 15: Suppose p = 3. Multiple payoff-distinct equilibria exist:

(i) If p < Ppina> there is an equilibrium corresponding to any distribution over
matching times {—T,t"}.

(ii) Ifp > pina> any distribution over matching times [—T, 0] can be sustained in
equilibrium.

PROOF:

Notice that f = —T and p = Mjp(—T) = M, (—T). Thus, there is a —T
-SE for every probability x_7 € [0,1] of Fy matching at the end of the primary
market. By Lemmas 12-13, for each ¢+ > —T, the +-SE is unique. Moreover, either
F; receives a payoff of FL(min{pmd,Mhigh(t)}) in each #-SE (if p < p;nq), or it
receives a payoff of XTI () + (1 — X) ¥,(,3) for some X € (0,1) in each -SE
(if p > pina)- Let V denote the supremum of its #-SE payoffs over all r > —T.

As each #-SE is unique for t > —T7, the selection (1)_z,x_r) of —T-SE deter-
mines the equilibrium. Define ¥ := sup{x € [0,1]:xII.(8) + (1 — x) X.(5. )
< V}. A different equilibrium arises depending on the relation between y_r and
X in the selection (1/J_T, X—T) of —T-SE. Again, uniqueness of the #-SE for each
t > —T means it suffices to describe F;’s on-path behavior and the —7-SE selec-
tion to describe an equilibrium.

(i) V = superolL min{pl-,,d,Mh,-gh(t)}). By Proposition 2, V is attained at
some ¢ € [—T.,0]. Hence, ¥,(,0) = T',(8) < V,and X is well defined.
The equilibria are:

(a) F; matches at —T. Fy hires at the end of the primary market with any
probability xy_r > X.

(b) F; mixes over —T and ¢*. If F; matches at —7, Fy hires at the end of the
primary market with probability x_r = ¥X.

(c) F; matches at time ¢*. If F; were to match at —7, Fy hires at the end of
the primary market with any probability x_r < ¥.

T (p7) = FL(M,”»gh(t*)) > II,(p), which means p* > p. As p;,; > p”, it follows that p;,; > p.
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(i) V = XM, (B) + (1 — X) X.(B,3) for some ¥ € (0,1). Vis attained when
matching at any r € (—T,0]. Clearly, Y = X. The equilibria are:

(a) F; matches at —7T. Fy hires at the end of the primary market with any
probability xy_ > X.

(b) F, mixes over [—T,0|. If F; matches at —7, Fp hires at the end of the
primary market with probability x.

(c) Fy mixes over (—T,0]. If F, were to match at —T, Fy hires at the end of
the primary market with any probability x_7 < X. B

Case2:p < B < pina-
LEMMA 16: Supposep < B < pia-

(i) If pina > D, the equilibrium is unique. F; matches at t* with a worker that is
high type with probability Mh,-gh(t*). Fy operates on the secondary market.

(iii) If pina = B, there’s an equilibrium for any distribution \ over [—T, O]. For
t € supp (), Fp matches with a worker that is high type with probability p;,.

PROOF:

(i) For any 1, either p < Myp,(1), P = Mipy(t), 08 p € (Mipy(1), Myigi (7))
By Lemmas 11-13, there is a unique #-SE for each ¢, and F;’s payoff is
FL(min{pind,Mhigh(t)}) in each #-SE. As p* < p;,q and T'/(-) is single
peaked, FL(Mhigh(t*)) > I‘L(min{p,-nd,Mh,-gh(t)}) for t # t*. Therefore,
the equilibrium must be matching at time #*.

(i) piwa = B implies pyg € [My (), Myigy(1)] for all t € [~T,0]. By
Lemmas 11-13, there is a unique #-SE for each t. In any 7-SE, F; matches
with a worker that is high type with probability p,,,. Fy always operates on
the secondary market. B

Case 3: max{p,pjuq} < 5.

LEMMA 17: Let t, = sup{t:max{ﬁ,pmd} Z [M,ow(t),Mhigh(t)]}. For any dis-
tribution \ over [la, 0], there is an equilibrium where F; matches according to \.

PROOF:

First, recognize there can not be an equilibrium where F; matches at r < ¢, with
positive probability. If such an equilibrium existed and F; matched at some time
t < t,, it must hire a worker that is high type with probability M,,,,(t). For any ¢
€ (11,), there is a unique #-SE, and it results in a payoff of FL(Mlow(t’)). As Ty
attains its optimum at p* < pj,g and pig < My, (1) < My, (1), it follows that
r, (Mlow(t/)) > PL(M 1ow(?) ) This contradicts the definition of an equilibrium.
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Lemmas 12-13 imply that for each# > ¢, there is a unique #-SE, and F; receives
the same payoff in each of them. Furthermore, the #,,-SE is uniquely pinned down and
yields that same payoff unless M,,,,(,) = p. When My,,,(t,) = p, multiple #,-SE
exist. However, by Lemma 13, there is a 7,-SE which yields the same payoff as
the #-SE for ¢ > ¢, (namely the selection where x, = X, where X is defined as in
Lemma 13). 0

APPENDIX E. PROOFS OF THEOREMS 1-3

PROOF OF THEOREM 1:

Let Qe = sup{a:p > B} and ayg = sup{a:p > M, (0)}. Note
that ay,, < oo if and only if M, (0) 7 > HH(Mhigh(O)). By definition, for
all @ € (Copagues Wmea)s P € (0 Mpign(0)). Likewise, for o € (s Qpign)s P
€ (MIOW(O),ﬂ),and fora € [qign,00),p < M4, (0).

With nonaligned firm preferences, Lemmas 8-9 imply p > p;,s > p*. Hence,
for all @ > aypaguer (D) > FL(Mhigh(t*)). The equilibrium characterization
for @ € (Qypagues Wmea) Tollows from Lemma 14(i). As p is strictly decreasing for
@ > Qupague (Lemma 5), 7 is decreasing. Unraveling increases in this regime when
«v increases.

When a = a4 p = fand t = —T. By Lemma 15(ii), there is an equilib-
rium for any distribution over [~T,0]. For & € (Quea> Yopague)> ta = L, and so
by Lemma 17, all distributions over [L , O] can be sustained in equilibrium. As p is
strictly decreasing for @ > ,p4que> L 1 increasing. Unraveling decreases in this
regime when « increases.

The equilibrium characterization when av € [0v;05, Qgpague) follows from Lemma 17,
as t,, equals 0 in this situation. &

PROOF OF THEOREM 2:

When a < a,pugue the equilibrium is identical to the benchmark. For «
> Qlopague- Theorem 1 implies that F; matches with a worker that is high type with
probability p < Mj;,,(0) in equilibrium. F;’s payoff in equilibrium is weakly
lower than II;(p). On the other hand, Fy receives a payoff of HH(Mhigh(O)) in
equilibrium. Notice that Fy’s payoff is the same as its payoff in the benchmark,
while F; earns a payoff that is strictly lower than its payoff of HL(Mhigh(O)) in the
benchmark. B

PROOF OF THEOREM 3:

By Theorem 1, F; matches at time 7 < 0 in equilibrium. F;’s payoff is IT, (p),
and Fy’s payoff is HH(Mhigh(O) )

By Lemma 13, if firms are constrained to interview at ¢t = 0, the equilibrium is
unique and entails F; hiring a worker that is high type with probability p and Fy
hiring at the end of the primary market with probability x, € (0,1). As Fy is indif-
ferent between hiring at the end of the primary market and operating on the second-
ary market, its payoff is still HH(Mh,»gh(O) ) The payoff to F in this equilibrium is
XolIL(P) + (1 — xo0) I'(P), which is strictly lower than its equilibrium payoff of
I, (p) in the unraveled market.



VOL. 17 NO. 3 VOHRA: UNRAVELING AND INEFFICIENT MATCHING 451
APPENDIX F. ADDITIONAL DISCUSSION OF ASSUMPTIONS

Information Blocking.—In the model, primary market hiring prevents a compet-
ing firm from learning about the hired worker before the secondary market begins.
This is the reality in many two-sided matching markets. For example, in hiring at
the university level, once an offer is accepted, students are not permitted to interview
with other employers through the university placement office.

N Sufficiently Large.—When N is large, I need not consider the case of all candi-
dates failing or passing a given test at any stage in the primary market. The proba-
bility of such an event tends rapidly to O as N increases. In addition, suppose that F
interviews candidates at time #, making an offer according to a known hiring rule. If
Fpy interviews the remaining applicants at a later date, its beliefs about the applicant
hired by F; will not be affected. This isolates the effect of the informativeness of
the secondary market on firm behavior in the primary market. When the number
of workers is small, one must account for strategic rejection of offers. If a worker
receives an early offer from the low-tier firm, she may infer something about her
type and ability to receive an offer from the high-tier firm later. This causes further
unraveling as the low-tier firm must move even earlier to ensure that the worker
accepts the offer.

Firing—Allowing for firing does not remove the low-tier firm’s incentive to
unravel to deter poaching. To see this, suppose that firms were permitted to fire
workers after some minimal retention time ¢. This does not affect the strategy space
of the low-tier firm, as it will never choose to fire a worker. However, it does pro-
vide a benefit to the high-tier firm. Namely, the high-tier firm can always hire at
the end of the primary market at ¢+ = O, fire the worker at r = ¢ if the worker is of
low type, and then monitor and poach the worker hired by the low-tier firm down
the line. Such optionality, though, ensures that there is always a risk of the low-tier
firm being poached in the future. This risk is present even in the extreme case where
¢ is sufficiently close to O (e.g., when firing is costless). The high-tier firm always
hires at 1 = 0, but the low-tier firm must hire a worker that is high type with proba-
bility p* = argmax, My (0) [pZf + (1 — p) ZE] + (1 — Miiga(0) ) T (p). When
p" < Mg, (0), unraveling equilibria still exist.
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