Reputation for Quality*

SIMON BOARD'AND MORITZ MEYER-TER-VEHN?

This Version: September 7, 2009
First Version: June 2009.

Abstract

We propose a new model of firm reputation that interprets reputation directly as the market
belief about product quality. Quality is persistent and is determined endogenously by the firm’s
past investments. We analyse how investment incentives depend on the firm’s reputation and
derive implications for reputational dynamics.

We consider three types of consumer learning. When consumers learn about quality through
good news, investment incentives are decreasing in reputation, leading to a unique work-shirk
equilibrium and convergent dynamics. When consumers learn through bad news, investment
incentives are increasing in reputation, leading to a continuum of shirk-work equilibria and
divergent dynamics. Finally, when consumers learn through Brownian news and the cost of
investment is low, incentives are hump-shaped but a work-shirk equilibrium exists and is es-

sentially unique.

1 Introduction

In most industries firms can invest into the quality of their products through human capital
investment, research and development, and organisational change. While imperfect monitoring
by customers gives rise to a moral hazard problem, the firm can share in the created value by
building a reputation for quality, justifying premium prices. This paper analyses the incentives for
investment in such a market, characterising how these incentives are determined by the current
reputation of the firm and the market information structure.

Our key innovation is to model reputation directly as the market belief about the firm’s en-

dogenous product quality. As quality is determined by past investments, it is persistent and can
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serve as a Markovian state variable. This is in contrast to repeated games models, which do not
have a state variable, and reputation models in which the state variable is exogenous. As a con-
sequence, reputational dynamics in our model are endogenously driven by reputational incentives,
rather than trailing exogenous shocks.

The model captures key features of many important industries. In labour markets such as
those for academics, artists and advertising executives, agents spend much of their time investing
in skills and perfecting their trade. Their reputation and future compensation, however, depends
heavily on their best paper, performance or campaign. In the computer industry, component man-
ufacturers invest heavily into research and development while customers are only able to observe
the performance of the entire computer. Customers therefore often learn about the quality of the
product through newsworthy incidences, such as Dell’s 2006 recall of 4 million Sony lithium-ion
batteries.! In the car industry, firms devote considerable resources to improving quality standards
through organisational change and new production processes. Since these investments are not
observable, customers only learn about the true quality slowly, through consumer reports and the

media.?

In the model, illustrated in figure 1, one long-lived firm sells a product of high or low quality
to a continuum of identical short-lived consumers. Product quality is a function of the firm’s past
investments. The quality then determines future prices through imperfect market learning: a high
quality product generally leads to a higher consumer utility than a low quality product, but learning
is obstructed by noise. At each point in time, consumers’ willingness to pay is determined by the
market belief that the quality is high, x;, which we call the reputation of the firm. This reputation
changes over time as a function of (a) the equilibrium beliefs of the firm’s investments, and (b)
market learning about the product quality. Our model nests three types of market information

structures that have received attention in the literature on imperfect monitoring:

1. In the good news case the product usually generates constant utility. However, at random
times a high-quality product enjoys a breakthrough, revealing its high quality. Such good
news may occur in academia when a paper becomes famous, in the bio-tech industry when

a trial succeeds, and for actors when they win an Oscar.

2. In the bad news case the product usually generates constant utility. However, at random
times the low quality product suffers a breakdown, revealing its low quality. Such bad news
may occur in the computer industry when batteries explode, for borrowers when the default

on a loan, and for doctors when they are sued for medical malpractice.

3. In the Brownian news case a high-quality product generates a higher mean utility than a

low-quality product, but customers learn slowly because of a normally distributed random

1See “Dell to Recall 4m Laptop Batteries”, Financial Times, 15th August 2006.
2See “Detroit Carmakers on a Journey to Recover Reputation”, Financial Times, 24th December 2008.
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Figure 1: Timeline.

error. As a result, beliefs changes continuously over time. Such continuous updating occurs as
drivers learn about the build-quality of a car, as clients learn about the skills of a consultancy,

and as callers learn about the customer service of a telephone service provider.

In a Markovian equilibrium the firm’s value is a function of its product quality and its repu-
tation. As illustrated in figure 1, both quality and reputation move slowly and therefore can be
interpreted as assets, which the firm builds up at times, and which it depletes at other times. Rep-
utation is valuable because it determines the firm’s revenue. Quality in turn is valuable because
a high quality product yields higher expected utility to customers, increasing the firm’s future
reputation. Crucially, as quality is persistent, this reputational payoff does not take the form of an
immediate one-off reputational boost but it accrues to the firm as a stream of future reputational
dividends. Theorem 1 formalizes this idea by writing the asset value of quality, i.e. the difference in
the value between a high quality firm and a low quality firm, as the net present value of its future
reputational dividends. This formula is important because it is precisely this value of quality which
determines the investment incentives of the firm.

To analyse these incentives further, we have to take a stance on the market information struc-
ture and do so by focusing on the three cases above. These cases are analytically tractable and
we discuss in Section 7.1 how their insights qualitatively carry over to other market information
structures.

In the good news case (Section 4) equilibria are work-shirk: The firm works if and only if its
reputation lies below a cutoff x*. Intuitively, the reputational dividend consists of the possibility
of a product breakthrough, revealing the firm’s high quality and boosting its reputation to 1.
Since the benefit of such a reputational boost decreases in the firm’s reputation, so do investment
incentives. The form of the equilibrium implies that reputational dynamics converge to a cycle:
A firm with low reputation works, eventually jumps to reputation 1 where it starts shirking; the
firm’s reputation then drifts down until it hits the cutoff and starts working again.

The bad news case (Section 5) is in many ways the opposite to the good news case. Equilibria

are shirk-work: The firm works if and only if its reputation lies above a cutoff z*. Intuitively, the



reputational dividend is insurance against a product breakdown, revealing the firm’s low quality
and destroying its reputation. Since the benefit of such insurance increases in the firm’s reputation,
so do investment incentives. The form of the equilibrium implies that reputational dynamics
diverge: A firm with reputation below the cutoff shirks forever, causing its reputation to fall to 0;
a firm with reputation above the cutoff works forever, causing its reputation to approach 1.

Our analysis of the Brownian news case (Section 6) indicates that the good news results are
more robust than those for bad news. When effort is sufficiently cheap, equilibrium is essentially
unique and work-shirk. In contrast, there is never a shirk-work equilibrium. This asymmetry
hinges on the reputational drift due to equilibrium beliefs. When x =~ 0 and z = 1, market
learning is slow and the reputational dividend is small. At the top, work is not sustainable: if the
firm is believed to working, the firm’s reputation stays high and the reputational dividend stays
small, undermining the incentive to invest. At the bottom, work may be sustainable: if the firm
is believed to work, the firm’s reputation drifts up and reputational dividends increase, sustaining
the incentive to invest. Crucially, a firm exerts effort at z &~ 0 not because of current reputational
dividends, but because of those in the future. This argument is self-fulfilling: the firm works at
low reputations because it is believed to work. This suggests another, shirk-work-shirk, type of
equilibrium where a firm with a low reputation is trapped in a shirk-hole in which market learning
is too slow to incentivise effort. While such an equilibrium may exist, Theorem 4 shows that it
disappears for small costs.

We can link our results to models in which quality is chosen in every period (e.g. Klein and
Leffler (1981), Mailath and Samuelson (2001)) by taking the obsolescence rate of quality A to
infinity. With complete information, an increase in A front-loads the returns to investment and
increases investment incentives. With incomplete information, there is a countervailing effect:
For large values of A, equilibrium beliefs dominate market learning in determining reputational
dynamics. In the good news and Brownian news cases, work-shirk profiles with positive effort
cannot be supported when A is high since the distribution of reputations degenerates to a peak
at the work-shirk cutoff and expected reputational dividends vanish. On the other hand, for high
A, pure shirking is an equilibrium. In the bad news case, to the contrary, investment incentives

increase in the obsolescence rate and any shirk-work profile is sustainable as an equilibrium.

1.1 Theoretical Literature

Our paper forms a bridge between classical models of reputation with exogenous types, and models
of repeated games. In contrast to the repeated games literature, we suppose there is a state variable
which links the periods. In contrast to reputation models, we suppose the state variable is the
quality of the firm’s product rather than some exogenous ability type of the firm (see figure 2). As
a consequence, long-term dynamics are driven by reputational investment incentives rather than

by exogenous type changes.



In their reputation paper, Mailath and Samuelson (2001) consider a firm that sells a good
of unknown quality. There are two types of firms: a competent firm who can choose high or
low effort, and an inept firm who can only choose low effort. The actual product quality is then
a noisy function of the firm’s effort. From the consumer’s perspective, utility is determined by
the probability the firm is competent (the firm’s reputation) multiplied by the probability that a
competent firm exerts effort.

Mailath and Samuelson derive a striking result: there is a unique Markov perfect equilibrium
in pure strategies in which the competent firm always chooses low effort. When the reputation is
close to 1, it is impossible to sustain high effort for the same reason as in our paper. Effort then
unravels from the top: If the firm is known to be shirking when its reputation passes some cutoff,
it has no incentive to exert effort just below this cutoff since success would mean an increase in
reputation and an immediate collapse in the price. In contrast, in our paper, product quality is
persistent. Thus, the price drifts down continuously when the firm starts to shirk, and unravelling
is prevented.

Holmstrom (1999) examines a signal-jamming model where an agent of unknown ability can
exert effort to confuse the learning of her employer. When the agent’s type is constant, the
employer gradually learns the agent’s ability, and effort declines over time. When the agent’s type
exogenously changes over time, some effort level is sustained in the stationary equilibrium.

There is a wider literature on reputation models with moral hazard and fixed types, surveyed
in Bar-Isaac and Tadelis (2008). A number of these papers examine how a firm’s incentives to
exert effort vary over its lifecycle. First, incentives are low towards the end of the firm’s life (Kreps
et al. (1982), Diamond (1989)). Second, incentives are low when updating is slow (Benabou
and Laroque (1992), Mailath and Samuelson (2001)). Third, when reputation can be lost with
one piece of bad news, incentives increase in the level of reputation (Diamond (1989)). Together
these papers help explain how demand varies across firms and over time (Foster, Haltiwanger, and
Syverson (2008)).3

When compared to the repeated games literature (e.g. Fudenberg, Kreps, and Maskin (1990)),
our model has an evolving state variable. Nevertheless, the way that incentives for effort are
determined by the signal structure in our paper echoes a similar theme in the repeated games
literature. Abreu, Milgrom, and Pearce (1991) and Sannikov and Skrzypacz (2007a) consider a
repeated prisoners’ dilemma game with imperfect public monitoring. They find that first-best is
attainable as players become patient if the public signal indicates defection (~bad news), but is
not attainable if the public signal indicates cooperation (~good news) or is generated by Brownian

motion.?

3Industry dynamics have been analysed with complete information models with exogenous firm types (Jovanovic
(1982), Hopenhayn (1992)) or endogenous capital accumulation (Ericson and Pakes (1995)). The difference between
these two approaches is analogous to the distinction between our paper and classical reputation papers.

4 Also see Faingold and Sannikov (2007) on games with long-run and short-run players, and Sannikov and Skrzy-
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Figure 2: Relation to Literature. This figure shows the relationships between this paper, Mailath and
Samuelson (2001) and Holmstrom (1999).

Finally, our paper is related to contract design with persistent effort. Fernandes and Phelan
(2000) suppose that an agent’s output depends today on effort both today and yesterday, and
derive a recursive formulation to solve for the principal’s optimal contract. Jarque (2008) shows
that the problem is much simpler when output depends on the geometric sum of past efforts and
the cost of effort is linear. Unlike these papers, our consumers simply react to the firm’s actions,

rather than designing contingent contracts.

1.2 Empirical Literature

There are a number of empirical papers examining the importance of reputation in internet auc-
tions (eBay). Resnick, Zeckhauser, Swanson, and Lockwood (2006) find that a new seller obtains
significantly lower prices than a seller with a good feedback score. Cabral and Hortagsu (2009)
similarly find that a seller with negative feedback obtains significantly lower prices. More interest-
ing, Cabral and Hortagsu (2009) look at the seller’s reactions, showing that a seller who receives
one negative feedback is more likely to obtain a second negative feedback, and is more likely to
exit. This suggests that either underlying quality is correlated over time, or a seller who receives
negative feedback exerts less effort, as in our bad news case.

Studies have also examined the role of reputation in other markets. In the airline industry, a
crash reduces the stock market value of the airline and manufacturer in question, reduces demand
for all aviation, but increases the value of firms who compete directly with the crashed airline
(Chalk (1987), Borenstein and Zimmerman (1988), Bosch, Eckard, and Singal (1998)). In the
restaurant market, the introduction of grade cards increased investments in hygiene, and had the
biggest effect on non-chain restaurants (Jin and Leslie (2003, 2009)). In the vehicle emission
testing market, garages with higher pass rates can demand higher prices (Hubbard (1998, 2002)).
In all of these cases, firms make investments that affect the quality of the product, and hence their

reputation. While these studies demonstrate the importance in maintaining a reputation, there is

pacz (2007b) on simultaneous move games with Brownian and Poisson news.



little evidence on the effect of reputation on the firm’s investment incentives, as examined in this

paper.

2 Model

Basics: Time t € [0,00) is continuous and infinite. The common interest rate is r € (0, c0).

Firm and Consumers: There is one firm and a continuum of consumers. At any point in time
t the firm’s product can have high or low quality, §; € {L = 0,H = pu}, where u > 0. The
expected instantaneous value of the product to the consumer equals the increment of a stochastic
process dZ; = dZ; (0;,¢¢) with expected value E[dZ;] = 6;dt and stochastic component &; that is

independent over time. We will often focus on three functional specifications:

(a) Good news: dZy = 0 almost always but a good product has a breakthrough with arrival rate

1 generating consumer utility of dZ; =1

(b) Bad news: dZ; = pdt almost always but a bad product has a breakdown with arrival rate p

generating consumer disutility of dZ; = —1
(¢) Brownian news: dZ; = 0:dt + dW;

Strategies: At time t the firm chooses effort 7, € [0,1] at cost cmdt. Product quality 6 is
a function of past effort (7,),<,<,; via a Poisson process with arrival rate A (independent of &;)
that models quality obsolescer_lc;. Absent a shock, quality is constant: 6,4 = 60;, while at a
shock, previous quality becomes obsolescent and quality is determined by the level of investment:
Pr(0+q; = ) = ne. This implies Pr (6, = H) = f(f Ao ds + e MPr (g = H).S

Information: Realized consumer utility dZ; is public information, while actual product quality
0, is observed only by the firm.® The market belief about product quality z; = Pr(6; = i) at time

t is called the firm’s reputation.

Reputation Updating: The reputation increment dx; = x4 — x is governed by realized
consumer utility dZ; and believed effort 7;. As these are independent, dz; can be decomposed

additively:
Pr(dZ,|H) — Pr(dZ;|L)

d%t = )\(ﬁt — .I‘t)dt + Jl't(]. - $t) (21)

5This formulation provides a simple way to allow the firm’s type to depend on its past investments. One can view
effort as the choice of absorptive capacity, determining the ability of a firm to recognise new external information
and apply it to commercial ends (Cohen and Levinthal (1990)). Equivalently, one could assume the firm first sees
the new technology arrive and chooses whether to adopt it at cost k = rc/A.

5The assumption that the firm knows the quality of its product is irrelevant since the cost is independent of .



We denote by dpz; the increments conditional on quality 6.7

Profit and Consumer Surplus: The firm and consumers are risk-neutral. At time ¢ the firm
sets price equal to the expected value ux;. While consumers get utility 0 in expectation, the firm’s

instantaneous profit is (uz; — cn)dt and its discounted present value is thus given by:

)

Vo (x5m,1) = 7“/t . e ""Epy—0,20—z.n7 11Tt — ey dt. (2.2)
Markov-Perfect-Equilibrium: We assume Markovian beliefs 7 = 7 (z) and show below that
optimal effort n = n(z) is independent of history and current product quality . A Markov-
Perfect-Equilibrium (n,7) consists of a Markovian effort function 7 : [0,1] — [0, 1] for the firm
and Markovian market beliefs 7 : [0,1] — [0, 1] such that 1) n € n* (7)) := argmax, {Vp (x;7,7)}
maximizes firm value Vp (z;n,7), given x and 7, and 2) market beliefs are correct: 7 = n. In a
Markovian equilibrium 7, we will write the firm’s value as a function of its quality and its reputa-
tion: Vy(x).

2.1 Optimal Investment Choice

In principle, the firm’s effort choice 1 as well as market beliefs 77 could depend on the entire public
history dZ" = (dZs)y<,<y, as well as the private history 6 = (0s),-,., and time t. We assume
that market beliefs ﬁiare Markovian because we think of the continuum of consumers as sharing
their experience in an imperfect way, e.g. through consumer reports. For Markovian beliefs 77, all
payoff relevant parameters at time ¢ depend on the history only via the current product quality 6;
and the firm’s reputation x;. Thus, the optimal effort choice of the firm only needs to depend on
these two parameters.

The benefit of effort in [t;¢ + dt] is the probability of a technology shock hitting, Adt, times
the difference in value functions A (z) := Vi (z) — Vi, (z), which we call the asset value of quality.

The marginal cost of investment is rc¢, and thus optimal effort 1 (z) is given by

0 (z) = { 1 if re < AA (2) (2.3)

0 ifre>AA(x)

Optimal effort is therefore independent of the current quality of the firm 6;.

Lemma 1 summarizes this discussion:

"The reason for modelling time as continuous is purely pragmatic. If time were measured in discrete periods, the
updating equation (2.1) would be complicated by a dt* term because in every period market learning would already
take the equilibrium effort decision into account.



Lemma 1 For Markovian beliefs 1 (z) there is an optimal Markovian effort function n(z) that
depends solely on the firm’s reputation but not on its product quality. Additionally, n (x) satisfies
equation (2.3).

Equation (2.3) makes the model more tractable and is the reason that we assume the cost of
effort to be independent of product quality and past effort. An implication of equation (2.3) is
that our results are not driven by the asymmetric information about product quality 8, but solely

by the unobserved investment 7 into future quality. We analyse asymmetric costs in Section ?7.

2.2 Cutoff Equilibria and Reputational Dynamics

We call an equilibrium work-shirk, if there exists a cutoff * such that a firm with low reputation
x < z* exerts effort, n(z) = 1, whereas a firm with a high reputation x > z* does not, n(z) = 0.
The opposite case, where low reputations shirk and high reputations work, is called a shirk-work
equilibrium.

Reputational dynamics of work-shirk equilibria are fundamentally different from those of shirk-
work equilibria. Net of market learning, the dynamics dx = A(7; — z)dt are convergent in a work-
shirk equilibrium, i.e. dx > 0 for x < z* and dzr < 0 for x > x*, but divergent in a shirk-work
equilibrium.

A set of reputations S C [0, 1] is called a shirk-hole if the firm shirks n(z) = 0 for all x € S and
S is closed under reputational dynamics in that Pr(xz; € §) =1 if 9 € S. For future use, define
Az (x) to be the asset value of quality for a firm with reputation  when both actual effort 7 and

believed effort 17 are work-shirk with cutoff x*.

3 General Results

In this section we prepare the ground-work for the analysis of the good, bad and Brownian news
cases. In Section 3.1 we derive the welfare maximising effort. As noted above, the firm’s value
Vp (x) is a function of it’s reputation and quality. In Section 3.2 we show that an increase in
reputation increases the price today and tomorrow, and therefore increases Vj (). In Section 3.3
we show that a higher quality derives its value indirectly, through its effect on future reputation.
In particular, Theorem 1 interprets the asset value of quality as the net present value of future
reputational dividends. Finally, Section 3.4 derives some general results about the firm’s effort

choice.

3.1 Welfare

Suppose product quality is publicly observed. Then the benefit of exerting effort equals the obso-
lescence rate A times the price differential p divided by the effective discount rate r + A. Thus the



first-best effort choice is given by:

1 ife< 25p
n= _ AT (3.1)
0 ife> Zxp

There is no equilibrium with positive effort if ¢ > r%\ . In this case, welfare is negative and
the firm makes negative profits as consumers receive zero utility in equilibrium. The firm therefore
prefers to shirk at all levels of reputation, thereby guaranteeing itself a non-negative payoff.

We thus restrict attention in the paper to the case ¢ < T_%)\ L

3.2 Value of Reputation

Lemma 2 shows that, when the firm is choosing its effort optimally, the value function is increasing
in reputation.® To prove the lemma, we need to rule out the possibility that a firm with a higher
initial reputation may shirk, lose its product quality, and fall behind a firm with a lower initial
reputation. We do this by observing that a firm always has the option to mimic a firm with a

slightly lower reputation.

Lemma 2 Given an optimal response to market beliefs n*(1), the value function of the firm

Vo(x;n*(n),n) is strictly increasing in its reputation x and increasing in market beliefs 1.

Proof. Fix 0, («/,7) and (2",7") > (2/,7), i.e. 2" > 2’ and 7’ (z) > 7/ (z) for all x. Write
the best response n*(7]') to the Markovian beliefs 7 in a non-Markovian way as a function of the
public history 7(dZ") = n (z (dZ*,7,2")). For any realization of the random processes, denote by
(x},0],m),dZ]") the trajectory of reputation, quality, effort and utility given effort 7(dZ?), initial
reputation z” and market beliefs 77", and by (z},0},n;,dZ;) the corresponding trajectory given
7,217

By construction, effort n; = )/, quality 0, = 0/, and utility dZ] = dZ} will coincide for all times
t. Reputation on the other hand may start at different levels 2”7 > 2/ and because the updating
equation (2.1) implies that z¢y 4 (x4, M, dZ;) is increasing in x; and 7, we get ] > ;.

Thus, by mimicking the effort of the firm with lower initial reputation 2/, the firm with a
strictly higher initial reputation z” can secure itself a strictly higher value. By Lemma 1 there

must be a Markov strategy that is at least as good as this mimicking strategy. [

Lemma 2 implies that across equilibria n,n’, with n(x) > n(z) for all z, the firm’s value is

increasing in effort Vyp(z;n',n") > Vy(x;n,n).

8While it is unclear whether these monotonicity results hold for non-equilibrium (n,7), Lemma 6 in Appendix
C.1 extends them to work-shirk effort functions where the cutoff type x* is indifferent between working and shirking.

10



3.3 Value of Quality

As shown in Section 2.1, investment incentives are driven by the asset value of quality A (z). To
analyse this value, we can decompose it into (a) the immediate benefit of a positive market signal,

called the reputational dividend, and (b) the continuation benefit of a high quality product:

A(x) = (1 —rdt)(1 = Mdt)E, [V (x + dgzx) — Vi(z + drz)] (3.2)
= (1 —rdt — Adt)E; (Vi (z + drz) — Vi (z 4+ drx)) + A(z + drx)] .

The first line uses the principle of dynamic programming, while the second adds and subtracts
Vi (x + drx). Integrating up yields equation (3.3) in Theorem 1, which expresses the asset value
of quality as the discounted sum of future reputational dividends. Equation (3.4) follows from the
alternative decomposition of (3.2) when we add and subtract Vi (z + dpx) instead of Vg (z +drx).

These expressions serve as a work-horses throughout the paper.

Theorem 1 Fiz any Markovian beliefs 1 and a Markovian best response n* (). Then two closed-

form expressions for the value of quality A (x) are given by

M) = [T, g (Daleld: (3.3)
0
= /0 e TR, g [Dr(x))dt (3.4)

where 0' = L is short for 05 = L for all s € [0;t], and the reputational dividend Dy (z) is defined

by
Dy(z) = E[Vy(x + dgx) — Vy(x + drx)]/dt.

Proof. To integrate up (3.2), fix x and set (t) := E, —, gr—1, [A(2¢)]. Up to terms of order o(dt)
we have
() Y = e ¢ de) (1) — (o X)dt (1)
= ¢ VB, g [FEa, (A + dpwy)] + (L (r + X) df) Aay)
= 6_(r+)\)tEx0:x,9t:L [DH(xt)] dt

and (3.3) follows. O

Corollary 1 Fiz any Markovian beliefs 1 and a Markovian best response n* (7). For a given

reputation x, a high-quality firm has a higher value than a low-quality firm, i.e. Vi (x) > Vi, (x).

Proof. By the updating equation (2.1) we have dgx > dpz, by Lemma 2 we get Dy(z) =
Vo(xy +dgxy) — Vo(ay + dpxy) > 0. Finally by Theorem 1 we get A (x) = Vg (x) =V (x) > 0. O

11



3.4 Investment Levels

Lemma 3 (Some Effort Somewhere) For sufficiently low costs ¢, pure shirking, i.e. n(x) =0

for all x, is not an equilibrium.

Proof. Fixing n(x) = n(z) = 0, value functions and A do not depend on ¢, and A (z) > 0 for
some z. Thus, as the cost of effort vanish ¢ — 0, its benefits AA (z) are constant and thus bounded

away from 0, contradicting the equilibrium condition. [J

This result is in contrast to reputational models with inept firms where shirking is always an
equilibrium, even if costs of working are 0. As discussed in the introduction the critical difference
in this model is that expected quality and price still depend on the firm’s reputation - and in

particular are greater than 0 - even when the firm is believed to be shirking.

Lemma 4 (No Effort at the Top) If no market signal dZ; perfectly reveals low quality, i.e. if

% < oo for all dZy, then a firm with a perfect reputation x = 1 must be shirking with positive

probability: n (1) < 1.

Pr(dZ:|L)
Pr(dZ:|H)

00, a firm with perfect reputation x = 1 can never lose its reputation, irrespectively of the consumer

Proof. Assume to the contrary that (1) = 1 in equilibrium. By the assumption that <
utility dZ; it generates. Thus dyz; = dpz; = 0 and by Theorem 1 the asset value of quality A (x)

equals 0. Thus, 77 (1) = 1 cannot be sustained in equilibrium. [

The proof actually shows a slightly stronger statement: In no equilibrium the firm can be

working for all reputation levels x in an interval of arbitrary high reputations (1 — ¢, 1).

4 Good News

Assume that consumers learn about quality 6; from infrequent product breakthroughs that reveal
0@ = H with arrival rate u. Absent a breakthrough, updating evolves deterministically according
to: P
— = Mn(2) - 2) - pa(l — ). (4.1)
We define z; as the deterministic solution of the ODE (4.1) with initial value z.
The reputational dividend, which is the value of having a high quality in the next instant,

equals the value of increasing the reputation from x to 1 times the probability of a breakthrough:

Dy (z) = Vu(x +dpx) — Vu(r +drz) = p(Va (1) — Vi (z))dt

12



Conditioning on the firm always being low quality, in order to prevent a breakthrough, the time

path of reputation is given by (4.1). Using equation (3.3), the asset value of quality is:
(e.9]
A(zo) = / e~V (1) — Vig ()]t (4.2)
0

The reputational dividend V(1) — Vi (x¢) is decreasing in x4, so that A(xg) is decreasing in .
It follows that any equilibrium is work-shirk. Intuitively, when a breakthrough occurs the firm’s
reputation immediately jumps to 1. Since this jump is larger for a low-reputation firm, incentives
to invest decrease in reputation and the equilibrium is work-shirk.

The form of the equilibrium implies that the reputational dynamics converge to a cycle. Absent
a breakthrough, the firm’s reputation converges to a stationary point & = min{\/u, z*} where the
firm works with positive probability. When a breakthrough occurs, the firm’s reputation jumps
to 1. The firm is then believed to be shirking, so its reputation drifts down to &, absent another

breakthrough. In the long-run, the firm’s reputation therefore cycles over the range [z, 1].
Theorem 2 In the good news case

(a) Every equilibrium is work-shirk.

(b) Reputational dynamics converge to a non-trivial cycle.

(c) If X > p, the equilibrium is unique.

(d) For sufficiently high X\, zero-effort is the only equilibrium.

Proof. Part (a). Reputation x; follows (4.1), so an increase in xy raises x; at each point in
time. Lemma 2 says that Vi (z) is strictly increasing in x, so equation (4.2) implies that A(zg) is
decreasing in zg. Part (b) follows from (a).

Part (c). We will show that Ag(z*) is decreasing in z*. Under the assumption A > pu,
the reputational dynamics x; starting at cutoff xg = z* are stuck at z*. Thus, by equation
(4.2) the value of quality is the discounted present value of an reputational boost from z* to 1:

Ag+(2%) = 725 (Vi e+ (1) = Vi o« (2%)). In Appendix A.1 we show that the latter term is given by

00 B A m B
Vig o (1) = Vig o (2%) = rt — ) | e N gy 4.3
e (1) = Vi (@) = [ et =) |55+ e (4.3

where zg = 1. Note that, in this expression, the terms in the brackets capture the possibilities of
A and p shocks while z; descends from 1 to z*. Equation (4.3) is decreasing in the cutoff, so the

equilibrium is unique.

13



dx dzx
dt dt

Figure 3: Dynamics in Good News (left) and Bad News (right). This picture illustrates how the
reputational drift dxz/dt, absent a breakthrough, changes with the reputation of the firm, . These pictures
assume A = p and z* = 1/2. The dark line shows the drift when beliefs are correct.

Part (d). Let 2* = 0. Using part (a) and z; < e~ we get

2

A o AT
M (0) < —— Nt dt =
0()—r+>\“/toe NI PSP

When A\ is sufficiently high AAg(0) < r¢, and the unique equilibrium exhibits zero effort. O

Suppose that A > pu, so the firm’s reputation drifts up whenever it is known to be working (see
figure 3). In this case, the dynamics are stationary at & = «*, at which point the firm chooses to
work with probability n(z*) = 2* (1 + & (1 — 2*)) so as to keep its reputation constant.

Theorem 2(c) shows that the equilibrium is unique. To understand this result, suppose the
market believes the cutoff is #, and denote the firm’s best response by z*(Z). An increase in &
means the firm’s reputation will not drift down as far, absent a breakthrough. This change benefits
low-quality firms more than high-quality firms, reducing A(x). As a result, 2*(Z) is decreasing in
Z and there is a unique fixed point where z*(z) = Z.

Theorem 2(d) says that, as technology shocks become more frequent the incentives to exert
effort disappear. Intuitively, when A is high, equilibrium beliefs move the reputation towards x*
very quickly. Hence a breakthrough, which raises the reputation to 1, is quickly depreciated. This
means there is little value to being a high-quality firm and little value to investing. Theorem 2(d)
implies that investment is non-monotonic in the frequency of technology shocks. When shocks
are too frequent, equilibrium beliefs drive reputation and there is no incentive to invest in actual
quality. When shocks are too infrequent, investment takes too long to pay off and, again, there is

little incentive to invest in quality. For intermediate frequencies, however, effort can be supported.
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5 Bad News

Assume that x; is generated by breakdowns that reveal §# = L with arrival rate p. Absent a

breakdown, updating evolves deterministically according to:

dx
i A(n(z) —x) + px(l — x). (5.1)
We define z; as the solution of the ODE (5.1) with initial value x.

The reputational dividend, which is the value of having a high quality in the next instant,

equals the value of not losing one’s reputation times the probability of a breakdown:
DL(:B) = VL(l't + dHIL‘t) — VL(l't + dLl't) = ,LL(VL({L‘t) — VL(O))dt.

Conditioning on the firm always being high quality, in order to prevent a breakdown, the time

path of reputation is given by (5.1). Using equation (3.4), the asset value of quality is:

Alzo) = / e NV () — Vi (0)]t. (5.2)
0

The jump size Vi(z:) — V(0) is increasing in x4, so that A(x) is increasing in z. It follows that

any equilibrium is shirk-work. Intuitively, when a breakdown occurs a firm immediately jumps to

reputation x = 0. Since this jump is larger for a high-reputation firm, incentives to invest increase

in reputation and the equilibrium is shirk-work.”

The form of the equilibrium implies that the reputational dynamics diverge. Suppose we are
in an equilibrium with z* € (0, 1), so firms below z* shirk while firms above z* work. A firm that
starts with reputation above z* converges to reputation z = 1, absent a breakdown. If the firm
is hit by such a breakdown while its product quality is still low, it gets stuck in a shirk-hole with
reputation x = 0. A firm with reputation below z* initially shirks and may have either rising or
falling reputation, depending on parameters. In either case, its reputation will either end up at
r=0orz=1.

To allow for positive effort in some equilibrium we impose the following assumption:

A

A G PE
T+A+Mu(u c)>rc (PE)

Theorem 3 Assume (PE) holds. In the bad news case

9For example, when writing about the explosion of Sony’s batteries in Dell’s laptops the Financial Times wrote
that “The withdrawal comes at a sensitive time for [Dell], which has been fighting broader perceptions of poor
customer service and slowing sales growth. [However] it could have a deeper impact on Sony, given the Japanese
company’s reputation for quality in the consumer electronics industry” (15th August 2006). This illustrates the point
that the jump in reputation is larger for higher reputation firms.
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(a) Every equilibrium is shirk-work.
(b) If x* € (0,1) then reputational dynamics diverge to 0 or 1.

(¢) If X > u there is a non-empty interval [a,b] such that every cutoff z* € [a,b] defines an

equilibrium.
(d) If X is sufficiently high, every x* € (0,1] defines an equilibrium.

Proof. Part (a). Reputation z; follows (5.1), so an increase in xo raises z; at each point in
time. Lemma 2 says that V7 (z) is strictly increasing in z, so equation (5.2) implies that A(zg) is
increasing in xg. Part (b) follows from (a).

Part (c). If A > p, the dynamics are divergent at z*: if xyp = z; — ¢, then lima; = 0; if
xo = ¢ + €, then limx; = 1. Thus, to define value functions and A at the cutoff * we need to
specify whether or not z* works. Denote by A_.(z) (resp. A, (z)) the value of quality at x when
x* is believed to be shirking (resp. working). At z* € (0,1) we have AL (z*) = lim, = Ay« ()
and AL (z*) = limg y+ M+ (z). Lemma 2 says that V() is strictly increasing in zy, so (5.2)
implies that

AL (z%) < Al (z%). (5.3)

xT

A cutoff z* € (0,1] then defines a shirk-work equilibrium iff'°

ML (2%) < re < AAL(z%). (5.4)

x
Equation (5.2) implies that AT, (z*) and A_. (z*) are increasing and continuous in z*. For the lower

bound, observe that AA; (0) = 0, because a firm with no reputation that is believed to be shirking is

stuck at 0 forever. For the upper bound, AAT (1) = ﬁu(u—c) because V7, 1(1) = T]r"/*\'j\r“ (n—rc),

VL1(0) = 0, and AAT (1) = T/_\F”)\ (VL1 (1) = Vr1(0)). Under assumption (PE) equation (5.4)

therefore defines a non-empty interval of cutofs, [a, b].

Part (d). Pick any «* > 0. First, suppose xg > x* and observe that z; > 1 —e M. In Appendix

B.1 we derive the following formula for the value of quality:

* = L > —rt — — 7(>‘+'u’)t
Ay« () N n t:oe r(pre —c)(1—e ) dt (5.5)

10The case 2* = 0 is more subtle because there are two qualitatively different effort-profiles with cutoff z* = 0.

If z* = 0 is believed to be working, there is no shirk-hole, and the necessary and sufficient condition for equilibrium
is that this is in the firm’s best interest, i.e. rc < AAZ(0).

However, if z* = 0 is believed to be shirking, then z* = 0 is a shirk-hole and the equilibrium condition is
re < AAq (z) for all z > 0 (and rc¢ > XA (0) which is automatically satisfied because AAj (0) = 0). This condition
is weaker than (5.4) as A (0) < lim,_o A (x): The existence of a shirk-hole increases the value of quality. Formally,
this is reflected in equation (5.2) in that Vi (0) = 0 if reputation 0 shirks, but Vz (0) > 0 if reputation 0 works.
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Taking limits,

)\ o

T A @) > Jim S [ e (1= ) = o)1 = O dt = =

where the final equality uses the fact that the integral converges to (u — ¢)/r. Assumption (PE)

implies that u(u — ¢) > rc. Hence for sufficiently large A, working is optimal for all x > z* and
any x*.

Next suppose zo < z* and observe that z; < e~(A~#*. In Appendix B.1, we derive the following

formula for the value of quality:

Ay (x) = R e (e M — e M) dt (5.6)
A= Ji=0
Taking limits,
A oo
lim AAz«(z) < lim M/ e e AWt g = 0

Hence for sufficiently large A, shirking is optimal for all x < #* and any z*. O

Suppose A > pu, so that whenever the firm is known to be shirking its reputation drifts down
(see figure 3). In this case, the region below x* is a shirk-hole: when a firm’s reputation is below
the cutoff, it is certain to see its reputation decrease because of the unfavourable equilibrium
beliefs. Such a firm always shirks, eventually giving rise to a low quality product and a product
breakdown destroying whatever is left of its reputation. When a firm’s reputation is above the
cutoff, favourable market beliefs contribute to an increasing reputation and the firm invests to
insure itself against a product breakdown. At the cutoff, the firm works when it is believed to be
working and shirks whenever it is believed to be shirking.!!

Theorem 3(c) shows that there is an interval of equilibrium cutoffs satisfying (5.4). The multi-
plicity is driven by a discontinuity in the value function at z*, caused by the divergent reputational
dynamics. Intuitively, the market’s beliefs become self-fulfilling. If the market believes the firm
is shirking, it’s reputation falls, undermining any incentive to invest. Conversely, if the market
believes the firm is working, its reputation rises, causing the firm to invest in order to protect its
appreciating reputation.

When A\ < p the dynamics have additional interesting features: Define 7 = 1 — % € (0,1) to
be the stationary point in the dynamics when the firm is believed to be shirking. There are two

types of equilibria:

1. Trapped equilibria. When T < z*, a firm with reputation = € (0,z*) finds its reputation

converging to z, and remains stuck in a shirk-hole. At some point is suffers a breakdown

1The divergent dynamics imply that there will be path dependence in reputations. This is consistent with the
existence of credit traps in financial markets, and may help explain why political scandals have such dramatic effects
on politicians careers (Diermeier, Keane, and Merlo (2005)).
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and remains at x = 0 thereafter. Since the dynamics are divergent at «* the value function

is discontinuous, and there is an interval of such equilibria.

2. Permeable equilibria. When z > x*, a firm with reputation x € (0,2*) finds it’s reputation
increasing. If x; passes x* before a breakdown hits, the firm starts to work and it’s reputation
may converge to one. Since the value functions are continuous at a permeable cutoff x*, there

is at most one permeable equilibrium.

Finally, Theorem 3(d) shows that as technology shocks become more frequent, then any cutoff
can be an equilibrium. Intuitively, a firm that starts below the cutoff finds it’s reputation falling
to zero instantly and gives up, while a firm above the cutoff finds it’s reputation rising to one
instantly and works to stay there. While outside the model, this multiplicity creates an incentive

for firms to invest in marketing in order to shape consumers expectations.

6 Brownian News

We now assume that consumers learn about quality 6; gradually, through the evolution of a
Brownian motion with state-dependent drift, dZ; = 6;dt + dW;. Updating evolves according to

dgr = Mn(z) —z)dt + p*z(1 — 2)dt + px(l — x)dW (6.1)
drz = Mn(z) —z)dt — p22*(1 — 2)dt + pz(l — x)dW.

To calculate the value of quality we apply 1t6’s formula to get:

E.[Vo(z +dgz)] = Va(x)+ p?z(1 — 2)?Vy(z)dt + W‘/g’(x)dt

ElVile +du)] = V(o) — ot — oVt + LD vy g

The reputational dividend is thus:
Dy (z) = B[V (z + dgz) — Vg(x + dpx)]/dt = p’z(1 — 2)Vi(z). (6.2)

Dy (x) declines to zero in either tail as reputational updating becomes very slow. Using equation

(3.3), the value of quality reduces to

o0
A(z) = / e~ IR, g [P (1 — x) Vi (2y)]dt. (6.3)
0

Theorem 4 shows that, for small costs, there exists an equilibrium whereby the firm works when

its reputation is below some cutoff, z*. In such an equilibrium, the reputation of a firm below
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the cutoff tends to rise, whereas the reputation of a firm above the cutoff tends to fall, leading to
cyclical dynamics. Theorem 4 also shows that, for small costs, this equilibrium is essentially unique
in that (i) the work-shirk cutoff is unique; and (ii) the work region in the work-shirk equilibrium
is arbitrarily close to the work-region in any other equilibrium. Denote the work region in an
arbitrary equilibrium by R, = {x : n(z) = 1} and let R* be the work-region in the work-shirk
equilibrium. Let h be the Hausdorff metric.

Theorem 4 There is ¢* such that for all ¢ € (0,c*):

a ere exists x* € (0,1) such that work-shirk with cutoff x* is an equilibrium.
Th sts ¥ € (0,1 h that k-shirk with cut * quilibri
(b) Reputational dynamics converge to a non-trivial cycle.

(c) Equilibrium is essentially unique: (i) The work-shirk cutoff x* is uniquely determined; and

(it) h(Ry,, R*) <€, for any equilibrium 1 and any € > 0.

(d) For fized ¢ and high enough X, there is no work-shirk equilibrium, but zero-effort is an

equilibrium.

Proof. See Appendix C. [

Section 6.1 discusses the existence of work-shirk equilibria. Section 6.2 considers other forms

of equilibria. Section 6.3 discusses the effect of a high obsolescence rate (A — o).

6.1 Work-Shirk Equilibria

When costs are low, there is a work-shirk equilibrium but no shirk-work equilibrium (Lemma 4).
This asymmetry is illustrated in the left panel of figure 4. Intuitively, when the firm is believed to
be working, the asset value of quality is zero at x = 1 since current dividends are zero and, as the
firm’s reputation stays at x = 1, future dividends are zero. In contrast, the asset value of quality
is positive at x = 0 since the market’s belief that the firm is working causes its reputation to drift
into the interior of (0, 1), enabling it to collect high dividends in the future. In other words, the
firm wishes to invest at x = 0 not because immediate reputational dividends, which are close to
0, but because of future dividends, when the firm’s reputation is sensitive to true quality.

Figure 4 is almost a proof of Theorem 4(a). Elementary calculations show that:

Ay T O forr<l o darm <o
=0 forz=1
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Figure 4: Asset Value of Quality under Full Effort (left) and in Work-Shirk Equilibrium (right).
This figure assumes that 4 = 1, A =1, r = 1 and ¢ = 0.01. In the work-shirk equilibrium, the resulting
cutoff is is 2* = 0.900.

and thus for small ¢ there exists z* such that

>rc for x < z* (Low reputations work)
A (z){ =rc for x = zx* (* indifferent) (6.4)
<rc forx>uz* (High reputations shirk).

To prove part (a) we just need to replace Aj on the LHS with A,+. The problem with this simple
argument is that it implicitly assumes continuity of A’. as * — 1. However, it is straightforward
to show that limg+_,q Al.(1) =0 > A](1). As a result, it could be that Ag«(z) is increasing in z
for x > 2, contradicting the last condition in (6.4).

To understand this complication, consider the marginal value of reputation Vj(z) to a firm
with reputation x € [z*, 1] where 2* &~ 1. A reputational increment dx is valuable to the firm only
as long as T¢|yzg—gt+ds > T°: As soon as T|yg—zt+ds = = the increment 4|, —z+de — Tt|zy=z vanishes
because of the difference of drift E[dz] to the left of z* and to the right of z*. As a consequence,
Vy(z) and Dp(x) may be minimized at the cutoff z*, and one may be concerned that Ag-(z) is
also minimised at z*.

To overcome this complication and show that AAgz«(z*) > AAg«(x) for z € (z*,1] we need
a better understanding of the reputational dynamics dz and the marginal values Ve”m*(:c) for
x,z* ~ 1. Fortunately, the dynamics of (1 — x) approximate a geometric Brownian motion which

is reflected at (1 —x*) by the large relative difference in the drift terms. For the high quality firm,

dg(l—z) = —A(n—2a)dt—p?x (1 —x)?dt + px (1 — ) dW
“A(l—2)dt — p (1l —2)dW for x < z*
Axdt for x > x*
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Figure 5: Shirk-Work-Shirk Equilibrium. This figure illustrates the asset value of quality in a work-
shirk equilibrium, A« (z). The straight line equals r¢/A. This figure assumes that u =1, A=1, 7 =1 and
¢ = 0.06. The resulting cutoffs are x = 0.910 and T = 0.958.

and likewise for dr (1 — z).

This has two implications. First, while the dividend may be minimised at z*, the value of
quality at the cutoff Ay «(x*) is largely determined by the dividends at z < x*. Second, the
marginal value of reputation and the dividend at > z* are small in relation to those at = < z*.
This is because a reputational increment essentially disappears when x; = x* and this happens
much sooner for initial reputations z¢g > z* than for g < z*. Hence for z > z*, Ay «(x) is an
average of low dividends while z; > 2*, and a continuation value Az« (2*) when x; hits z*. This

average comes to less than A, «(z*), as required.

6.2 Other Equilibria

Given that reputational updating is slow at z ~ 0 and x = 1, one may expect there to exist shirk-
work-shirk equilibria, where a firm works when its reputation is between two cutofls, = € [z, T] and
shirks elsewhere. A firm with a low reputation is thus trapped in a lower shirk-hole in which market
learning is too slow to incentivise effort, while a firm above z experiences convergent dynamics
around T.

Simulations indicate that such equilibria may exist for certain parameter ranges (figure 5).
Investment incentives in this equilibrium (with ¢ = 0.06) are much higher than in the above work-
shirk equilibrium (with ¢ = 0.01). This is because a firm at the work-shirk cutoff has more to lose
when a sequence of bad utility draws can push its reputation into a shirk-region, where it may be
stuck forever.

For low costs, Theorem 4(c) shows that shirk-work-shirk equilibria disappear because a firm
at the shirk-work cutoff x strictly prefers to work. Intuitively, reputational dividends and the

value of quality are uniformly bounded below on any interval [e;1 — €] so, when costs are small,
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all intermediate reputations prefer to work. At the lower cutoff, x, working is then very profitable
since it can make the difference between falling into the shirk-hole and sinking to x = 0, and
climbing into the work region and rising to x = 7.

While no shirk-work-shirk equilibria exist for low costs, there may be other equilibria. However,
these extra equilibria are qualitatively similar to the work-shirk equilibrium and can be charac-
terised by {z,7} with n(z) = 1 for # < z and n(z) = 0 for z > 7.'2 These equilibria all involve
work on [0, 1 — €], so they converge to the work-shirk equilibrium in the Hausdorff metric as ¢ — 0.

X

Moreover, the work-shirk transitions act like reflection barriers implying that z =~ x*, so these

extra equilibria entail as least as much work as the work-shirk equilibrium.

6.3 High Obsolescence Rate

Theorem 4(d) states that, for sufficiently high A, the work-shirk equilibria disappear and zero-effort
is an equilibrium. The intuition is the same as in the good news case: The high drift towards a work-
shirk cutoff z* € (0,1) drives the marginal value of reputation to 0, and with it the reputational
dividend and the value of quality. Zero-effort is an equilibrium because the drift towards 0 ensures
low values of z;, and with this a diminishing reputational dividend Dy (z) = p?z (1 — z) V} (z).
We conjecture that zero-effort is the unique equilibrium as A — oo, as suggested by our
numerical simulations. For example, with a shirk-work-shirk profile, the need to incentivise effort
at x = T implies that the size of this region, T — x, must become small so that having high-quality
affects the probability of falling into the shirk region. However, as T — x becomes sufficiently small,

the probability of entering the shirk region grows, and V (Z) and A (Z) converge to 0.

7 Extensions

7.1 Generalized Poisson-Learning

We focused above on good, bad and Brownian news for the sake of clean analytical results. We now
discuss how the qualitative insights can shed light on market learning via more general Poisson

processes.

7.1.1 Good and Bad News

Assume that the product can enjoy both breakthroughs revealing high quality with intensity ugr,

and breakdowns revealing low quality with intensity uy. In this case the reputational dividend is

12For example, given the parameters in figure 4, there is another equilibrium with working on [0,0.900], shirking
on [0.900,0.944], working on [0.944,0.9605] and shirking on [0.9605, 1].
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given by:

Do (z) = pa(Vo(1) = Vo(x)) +ur (Vo (z) — Vo (0))
= (L —pm) Vo (x) + puVy (1) — pLVe (0).

Assume further that breakdowns are more likely than breakthroughs: p; > ppm. This case is
similar to the pure bad news case of section 5:' Reputational dividend and value of quality are
increasing in reputation, and any equilibrium must be shirk-work.

However, parts (b), (c) and (d) of Theorem 3 no longer hold true: Equilibrium dynamics are
similar, but now a shirking low-reputation firm with a high product quality may escape the shirk-
hole with a product breakthrough. This renders the value of quality at x = 0 strictly positive, even
under adverse market beliefs. Thus, proper shirk-work equilibria, where x = 0 shirks and x = 1
works, fail to exist for low c¢. While incentives can thus be too high for any proper shirk-work
equilibrium, they can at the same time be too low for a full-work equilibrium, e.g. for high values

of \, and equilibrium may fail to exist.!?

7.1.2 Generalized Bad News

We now modify the bad news case by allowing for occasional failures of high-quality products
with intensity ppg < pr, as is common in the literature, e.g. Abreu, Milgrom, and Pearce (1991).
While a product breakdown still causes a discrete hit to the firm’s reputation it does not destroy it
completely. Lemma 4 states that in equilibrium a firm with a perfect reputation cannot believed to
be working. However, the insights of the bad news section are robust to this variation in that, for
low costs ¢, we can still show the existence of shirk-work-shirk, and work-shirk equilibria (rather
than work-shirk and full work equilibria in the case of pure bad news).!?

The shirk-work-shirk equilibrium captures the idea that a product breakdown can put a firm in

the “hot-seat” where one more breakdown would finish the firm off, by pushing it into a shirk-hole.

13The alternative case, with gz > gz, is similar to the pure good news case of section 4. Finally, when quality is
discovered with equal intensity, ug = pr, incentives are flat and either full-effort or zero-effort is an equilibrium.

14This argument does not yet prove that for certain parameter ranges equuilibrium does not exist: For even if
incentives are too high for a proper shirk-work equilibrium (and too low for a full-effort equilibrium), they need not
be too high for a zero-effort equilibrium.

15To prove this we need to slightly adopt the equilibrium existence proof for Brownian learning in Appendix C:

For the work-shirk equilibrium, the only remarkable difference is that an extra term appears in equation (C.4) as
the discontinuous reputation dynamics may now jump over the cutoff. However, this term can be matched by an
equivalent term - for the firm with initial reputation £* when it suffers a breakdown - which outweighs the first term
by Lemma 9.

The shirk-work-shirk equilibrium on the other hand is in contrast to the Brownian case, in particular to Lemma
12. The key difference is that value functions are now discontinuous, incentivising effort above the cutoff but not in
the shirk-hole just below. To construct the shirk-work-shirk equilibrium, we can first choose the lower, shirk-work
cutoff low enough so as to discourage work in the shirk-hole, and then reapply the arguments in Appendix C to
prove existence of the upper, work-shirk cutoff with the required properties.
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In such an equilibrium a firm that fails once will try hard but a firm that fails repeatedly gives up.

7.2 Asymmetric Costs

Throughout this paper we have assumed that firms of different types deliver different utilities to
customers but have the same cost of investment. One can extend the model to allow for asymmetric
investment costs.

To be precise, suppose the low- and high-quality firms have costs ¢, > cy. Thus, it is easier
for a high-quality firm to stay on the frontier than for a low-quality firm to catch up. Reputational

updating is given by equation (2.1). In particular, when
rer > AA(z) > rey

the drift term disappears and reputation evolves according to

Pr(dZ|H) — Pr(dZ,|L)

dCL't = {L‘t(l — ,It)

In the good news model, equilibria are still work-shirk, with a low quality firm’s cutoff 27 lying
below a high quality firm’s cutoff, z},. Using equation (4.1) the reputation in the intermediate
range evolves according to dz/dt = —pux(l — z). Assuming A > p, it follows that, as in the
symmetric case, the firm’s reputation ultimately cycles over [z} ,1].

In the bad news model, equilibria are still shirk-work, with a low quality firm’s cutoff 7} lying
above a high quality firm’s cutoff, z};. Using equation (5.1) the reputation in the intermediate
range evolves according to dz/dt = px(1 —x). It follows that, as in the symmetric case, the firm’s
reputation converges to 0 or 1.

Finally, in the Brownian model, a work-shirk equilibrium consists of cutoffs for the high- and
low-quality firms, 2} < x7;. Using equation (6.1) the reputation in the intermediate range evolves
according to dyz = p?x(1 — z)2dt + px(1 — z)dW and dpz = —p22%(1 — z)dt + px(l — x)dW.
We conjecture that one can then extend Theorem 4 to show that a work-shirk equilibrium exists
when ¢y, and cg are sufficiently small. In such an equilibrium, the reputation of a high- and low-

quality firm tends to converge to x3; and 7} respectively.

8 Conclusion

This paper develops a new model of reputation, where the firm invests in its quality, and the
quality is imperfectly observed by the market. As customers experience the product, the firm’s
reputation evolves. This evolution, in turn, affects the incentives of the firm to invest in quality.

The model forms a bridge between repeated games and classical models of reputation. In contrast
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to repeated games, different firms may have different capabilities. In contrast to classical models
of reputation, firm’s capabilities are a function of past decisions and are therefore endogenous.
This model seems realistic: The current state of General Motors is a function of its past hiring
policies, investment decisions and reorganisations, all of which are endogenous.

Our results highlight the role of the market information structure in determining reputational
incentives: When the market learns through good news, there is a unique work-shirk equilibrium
and convergent dynamics. When the market learns through bad news, there is a continuum of
shirk-work equilibria and divergent dynamics. The results for Brownian news looks like those for
good news: for low costs there is a work-shirk equilibrium, but no shirk-work equilibrium.

The model can be extended in many ways. Within the current framework, one would like to
study more general Poisson processes. More generally, one could consider multiple quality levels or
allow for quality ladders. Finally, it would be interesting to analyse a model with multiple firms,

or models in which firms could enter and exit.
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A Good News
A.1 Derivation of Equation (4.3) in Proof of Theorem 2

For a low-quality firm, the value at reputation z* is given by:
V(") = px™.
For a high-quality firm, the value at reputation z* € [z*,1] is given by the differential equation:

Vi (z) = rp + %VH(fﬁ) = AV (2) = V()] + p[Vi (1) = Va (2)].

The firm’s value at the cutoff z* is therefore:

Vi (z*) = / e~ A a4 AV (%) 4 pVir(1)] dt (A.1)
t=0
r+ A I
e (),
r+>\+ulw T+ A+ ul)

and the value of the jump in reputation is given by:

Vi) = Vir(a*) = = Vin(1) = ']

We now wish to evaluate Viz(1) — puz*. As in equation (A.1),
Vir(1) - pa” = / e~ NI iy — a) 4 A(Vi () — pa®) + p(Vir(1) — pa*)]dt (A.2)
=0

Evaluating the second term on the right hand side,

/ e~ TTMINV (2) — p®) dt = )\/ e~ (rHAtmL [/ e Drp(zy — 27) dt]
=0 s=t

t=0
)\ (o]
=y ) ¢ e —at) L= et
Plugging back into (A.2),
r+ A > A K-
A V 1) — ¥\ rt ok A " (/L—’—)\)t dt
RS = ) = [ ) | e

as desired.
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B Bad News

B.1 Derivation of Equations (5.5) and (5.6) in Proof of Theorem 3

Since A > u, V1 (0) = 0. Equation (5.2) implies that:
Ay () = /toz e~ TNV () dt. (B.1)
Suppose x > z*. Then the value of a low-quality firm is given by:
Vi(z) = /t OZ e~ UM (i, — ) + AVig () + - 0] dt. (B.2)

The second term here is:

/ e—(r+/\+u)t)\VH($t) dt — )\/ e~ (TRt [/ e—r(s—t)r(/ws —0¢) ds] dt
t=0 t=0 s=t

Y o
R e " r(pws — o)[L — e” T ds.
s=0

Plugging back into (B.2):

= A
Vi) = [ =) [+ e a

Using equation (B.1):

o) B 00 o Y L B 3
Ap+(z) = e~ T+t [/ ez, — ¢ [—l—e A+n)(s t)} ds} dt

= ﬁ - e (pas — ¢)(1 — e~ AT g,

which gives us equation (5.5).
Next, suppose z < z*. A low-quality firm’s value function is given by V7 (z) = ftozoo e~ (rtmty gy dt.

Using equation (B.1):

Ay () :/ e~ (Tt [/ etz ds| di
t=0 s=t

K > A
= — e ruxs(e M —e %) ds,
A—p /szo ’

which gives us equation (5.6).
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C Brownian Motion: Proof of Theorem 4

We will now show that for sufficiently small ¢ there exists a cutoff * such that:
(a) Cutoff is indifferent: AA - (x*) = re,
(b) High reputations shirk: AAg«(z) < rc for z > x*,

(¢) Low reputations work: AAg«(z) > rc for z < x*.

The proof is structured as follows. In Section C.1 we show how to write the marginal value of
reputation Vj(z) as the function of the “durability” of incremental reputation. In Section C.2 we
perform a change of variables, replacing the probability of high quality = Pr (0 = H) with the
log-likelihood ratio £ = log = .

Lemma 7 proves part (a): For every small ¢ there exists a cutoff z* close to 1 such that the
cutoff is indifferent: AAgz«(z*) = rc. Lemmas 8 and 9 prove part (b) and (c): Suppose z* is high
and AA,-(z*) = re, as guaranteed by Lemma 7. Then AA,- (x) < rc for z > x* and AA (x) > re
for x < z*.

Section C.6 shows the essential uniqueness of the work-shirk equilibrium. Lemma 10 proves
uniqueness of the cutoff z* satisfying AA,«(z*) = rc. Lemmas 11 and 12 show that any other
equilibria must also display n = 1 on [0; 1 — ], while Lemma 4 ensures = 0 on some [0;1 — &/].

Finally, Lemma 13 shows that work-shirk equilibria disappear as A — oo, while zero-effort

becomes an equilibrium.

C.1 Value of Quality and Reputation: Reprise

Subsection 3.3 showed that both reputation and quality have value in equilibrium. Here we derive
non-equilibrium variations of those results and provide an explicit formula for the marginal value
of reputation (equation C.1). Like in the proof of Lemma 2 we will utilize non-Markovian effort
functions 1 (dZt) to do so.

Lemma 5 For any effort and belief function (n,n), and any (non-Markovian) alternative effort
function (dZt) the firm’s value equals:

Vo(x) = Epymz go=0.7,7 [/ e " (r (pae — g (dZY)) + (n(ze) — 71 (dZ")) (AA(zy) — rc)) dt
0
Proof. Fix 0y, z¢ and 7. Consider first a “one shot deviation” from 7, i.e. an alternative effort

function 77 that differs from n only for ¢ € [0,dt], say 7 = 1 while n = 0. A firm that exerts effort
according to n but whose quality 64 is governed by 7 gains AA(xg)dt. Thus, the firm’s actual
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value is the value under the more favorable process 77, minus the fair value of the quality subsidy:
oo
Vo(z) = Eppmn 00=077 [/ e "y (uxy — en(xy)) dt| — AA(xq)dt.
0

For “multi-period” deviations, we accumulate a term (n(z¢) — 77 (dZ*)) AA(x¢)dt whenever n(z;) #
7 (dZ"). Thus, in general we have

Vo(x) = Epo—z00=077 [/OOO e " (r (g — en(ze)) + (n(we) — 7 (dZ")) AA(w)) dt]
= Eyo—u.00=077 [/000 et (r (uxt —cn (dZt)) + (n(ﬂ:t) -7 (dZt)) (ANA () — rc)) dt]

as required. [

This lemma is of a certain intrinsic interest in formalizing one more way to tweak value functions
by trading off changes in current payoffs AA(x;) — rc against the evolution of the state variables.
The real reason for deriving it, however, is to apply it to work-shirk effort profiles in situations
where AA(z;) — rc is either small or we know its sign.

To state and prove the next lemma, we need to write the firm’s reputation at time ¢ as a function
of its initial reputation zg, realized utilities dZ* and the Markovian beliefs 7: z; = x; (aco, azt, 7])
Lemma 6 (a) In a work-shirk profile with cutoff =* in which x* weakly prefers to shirk, i.e.

A+ (%) < re, the marginal value of reputation is strictly positive:

Vy (x) > 0 for all x € [0;1].

(b) In a work-shirk profile with cutoff x* in which x* is indifferent, i.e. AAy~ (z*) = re, the

marginal value is given by:

8.1315

Vy (z) = r,u/e_TtIEgog [&E(x,dZt,Tﬂ] dt >0 for all z € [0;1] . (C.1)

(¢) In a work-shirk profile with cutoff =*, the value of quality at x* is strictly positive:

Proof. For (a) and (b) let 7 (dZ") = n(a¢(x+dx,dZ", 7)) be the non-Markovian strategy of a firm
with initial reputation x that mimicks the effort of a firm starting with initial reputation = + dzx.

We decompose the incremental value of reputation as follows:
Vo (& +dx) = Vo (2) = [Voy(z + dz) = Voz(x)] + [Vog(z) = Vo, (2)]
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The first term is the reputational advantage under mimicked effort. It is determined by the

partial derivative of future reputation with respect to current reputation:
Vou(x+dx) — Vog(x) = ru/e_”Egozgm [a:t(x +dx,dZ',n) — x4 (3:, azt, 77)] dt

This term is always positive. Taking the limit as dt — 0 gives rise to equation C.1, proving (b).

The second term is the net value of shirking whenever 7 (dZt) =0<1=n(z). It is given by
‘/9@(11)) - ‘/9,77(;3) = Eaco:wﬁo:&ﬁf] |:/0 e—rt (77(:1:1‘) -n (dZt)) (TC - )‘A(:‘Ct)) dt:|
= Eg=o7 {/ et (n(xt(ac, dZt,?])) — n(x¢(z + dz, dZt,ﬁ))) (T‘C — AA(zy(z, dZt,Tﬁ)) dt
0

e " (re — MNA(zi(z,dZ", 7)) dt

Ee():evﬁ / - -
¢ (2,dZt M) <z* <zt (x+dx,dZt7)

The first line applies Lemma 5. The second line applies the definition of 77 (dZt). The third line
utilizes that z¢(z,dZ", 1) < x¢(x +dz,dZt, 1) and the effort functions disagree iff these trajectories
are on opposite sides of z*.

When AA« (2*) < re, this term is positive, proving part (a): Reducing effort on the margin is
profitable if its cost exceed its benefits. When AA,« (z*) = rc, this term is of order dz? because
both [ e ™ Pro,—o7 [2¢(z,dZ", 1) < 2* < z4(x + dz,dZ', )] dt and rc — AA(z¢(z,dZ*, 7)) are of
order dz, proving part (b).

(c) If the value of quality at the cutoff was non-positive Ay« (z*) < 0, the marginal value
of reputation is positive V}; (z) > 0 by part (a) and so is the reputational dividend Dp (z) =
p?x (1 —x) Vi (z) > 0. But then, also the value of quality would be positive Az« (z*) > 0.

the premise in part (a) would be satisfied, yielding V}; (x) > 0 for all . Thus (6.3) implies
that Agz«(2*) > 0, yielding a contradiction. [

Part (b) has the flavor of the envelope theorem: when the firm’s first-order condition holds at
the cutoff, then a change in the initial reputation only affects its payoff through the reputational
evolution. Intuitively, a firm with a lower initial reputation works more, leading to a gain of
A(z) when a technology shock hits; however, this is exactly offset by the extra cost born by the
firm. The marginal value of reputation Vj (x) is thus determined solely by the “durability” of the

Oz

reputational increment TR

Remark: When the reputational evolution hits the cutoff at time T', zp = z*, the difference in

Oz
Oxg

the drift terms E [dg (x — €)] — E [dg (x + €)] = Adt diminishes any reputational increment, i.e.
decreases at precisely this rate. When the cutoff z* is “reflecting” because either z* =~ 1 or A > 0,
the reputational increment dx; approximately disappears at T and we can restrict the integral in
(C.1) to times t < T.
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C.2 Updating Log-likelihood Ratios

Ee 2
Define ¢(z) = log(z/(1 — z)) € RU{—o00,00}. Note that z () = fz and = (Heé Y _ L

According to Bayes rule, equilibrium beliefs 1 affect £ via

e de (1+e)? (et A1+et) fori=1,
== =\ 7 (- )= 2
dt ~ da (7 =) el <77 1+ e£> ~A(1+e€") forn=0. (G2)

Market learning dZ = 0dt + dW affects ¢ via 16

W4 pudW for 6 = H
—%Q—i-udW for 0 = L

dl 1d%

dol = ——dgr + 5=

Var (dgx) dt = {

Thus, in a work-shirk profile with cutoff £* > 0, high reputations ¢; > 0 approximately follow

a Brownian motion with drift A £+ %2 reflected at £*:

2 \
ot ()\i 2)dt+,udW for £ < *,
—00 for ¢ > ¢*.

Finally, we can write NPVs Vi (0) =V (Li—eez), value of quality A (0):=A <1+ ) and effort
n):=n (%) as functions of ¢ and obtain:

A() = /0 e IR, oy [ﬁ(zt)} dt, (C.3)

where the dividend is
D(0) = p* Vi (4y).

C.3 Indifference of Cutoff

We now show that for small costs there exists a high cutoff who satisfies the indifference condition.

Since A and V depend on ¢, we subscript them with ¢ where useful.

Lemma 7 For every £ € R there exists ¢ > 0 such that for all ¢* < c there exists £* > £ such that
rc = )\Ag*,c* (6*)

"®Remember 4£ = 1(11790 and % = zf(”f:i)m For § = H we have dyx = p’x(1 — z)?dt + pa(l — x)dW and
Var (dgz) = p*z*(1 — x)? so that:
2 2
dutl = j—édg + %%Var (dox) dt = 1> (1 — 2)dt + pdW + %f(m —1) = % + pdW.
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Proof. Fix a cutoff £ € R and consider ﬁg’c(f) as a function of ¢ € [0, uA/(r+A)]. By Lemma 6(c)
we have 3370(5) > 0 for all ¢. Since 3@70(5) is continuous in ¢, it takes on its minimum 3576/ (¢)>0

at some .
Define ¢ by rc = )\3470/ (¢) and fix ¢* € (0,¢). Using the definitions of ¢ and ¢*,

Ao (6) > My (0) > re7,
so the firm prefers to work. On the other hand, at ¢ = oc:
rc® > 7’30076*(00) =0,

so the firm prefers to shirk. By continuity of ﬁ(g,c* (¢) as a function of £ € RU {—o00,00}, there
exists £* € (¢,00) with rc* = )\ﬁg*7c* (). O

The daunting array of quantifiers in the statement of this lemma guarantees that we can assume

0* with r¢* = Aﬁg*vc* (¢*) as large as necessary in the upcoming arguments.

C.4 High Reputations Shirk

Lemma 8 shows that firms with high reputations shirk. In proving this result we show that the
dividend of quality lA?(E) is much greater below ¢* than above ¢*. Intuitively, incremental reputation
above £* is less “durable” because it disappears when /¢; hits ¢* and reputational updating %
decelerates from —A (1 + ee) ~ —oo0 to A (1 + e%) ~ A

Lemma 8 Suppose (* is large and AD- (¢*) =rc. Then AD- (¢) <rc for all £ > 0*.

Proof. Fix ¢ > ¢*. Suppose ¥¢; hits the cutoff £* for the first time at ¢ = T. We can then write,

T
Ap(l) = Ap (") =E [ / e TRy ey [/ﬁVA (a)] dt + e~ TITA,. w*)} — Ap ()
0

— /0 L (EZOZWZL [ﬁ?}{ (et)] —(r+ N Ap (e*)) dt (C.4)

We wish to show that (C.4) is negative, and do so using two claims.

Claim 1. Fix a > § > 0 and sufficiently high ¢*. Then there exists a v > 0 such that the
discounted probability that the future reputation ¢; is between ¢* — o and £* — 3,

(r+2\) /0 el e [0 € [0* — oz 0 — B]] dt (C.5)

=0 ft=L

is bounded below by 7 independently of £*.
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Proof. Remember that the reputational dynamics ¢; for high values of £* are approximated by

a reflected Brownian motion with finite drift:

(C.6)

i (A= 1) dt+pdw for ¢ < 1
—00 for ¢ > ¢*

The process ¢; therefore has a positive probability of lying in [¢* — a; £* — 3] at any time ¢, so (C.5)
can be bounded below by € > 0, for all sufficiently high £*.

Claim 2. Fix a > 3 > 0 and M > 0. Suppose ¢£* is sufficiently high and rc¢ = )\gg*7c(€*). Then
\A/fu* (=) > M‘/}I/{,K* (0" +6) for all v € [B; ] and all § > 0.

Proof. Let v € [3; a]. When ¢* is sufficiently high, the reputational dynamics are given by (C.6).
The expected drift is bounded above, and the expected time T' before the reputational dynamic
starting at £y = ¢* — y reaches the cutoff 7|s—¢<—, = £*, is bounded below independently of £*.
Thus, E [dzi (E')] for ¢/ € [¢* — a; 0* — (3] is bounded away from 0 as £* — oo.

Next, consider £* + 0. The expected time T" before ¢7|s,—¢«+5 = ¢* uniformly converges to 0.

This is easier to see for the posterior x; than for the log-likelihood-ratio ¢, as E [dH x} = —)\z is

bounded away from 0 while 1 — z* converges to 0. Thus, E [dzt (0 + 5)} for & > 0 converges to 0
as £* — oo.

For large values of £* we can ignore in Y/}AM* (0) >ru [e™E [ﬁ%(ﬁ)} dt all terms where
¢; and ¢ are on different sides of £*. Since /(1 + €)? is decreasing in £ > 0 we get bounds

=7 /(1 4 e =7)2 > e /(1 4 !7)2 > T H0) (1+ eét(€*+5))2 and equation (C.1) implies

T e L e
4 | e |2+ 0)] at fe—’"tE FAGRERIE!

(1+ez*

Therefore, ‘A/}M* (e —~)/ ‘A/I’M* (£* +9) diverges to oo as £* — oo, uniformly over all v € [3; a] and
d > 0.
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Proof of Lemma. We now show that the right hand side of equation (C.4) is negative. Let
£>0*>0. Fixa >0 >0and € > 0, and choose M = % Equation (6.3) implies that

(T’ + )\) Ag* (6*) = (7" + )\)/O 6_(r+)‘)tE50:4*79t:L [/,LQX/}EI (Et)] dt

(T —+ )\) /00 ef(rJr)\)t PTZOZZ*,Gt:L (Et c [g* o ﬁ’g* — Oé]) g
0 *mingle[g*_ﬁ;é*_a} {MQVI({ (6/)}

v

> eM 2V (¢
E gerf}?)@fo){“ H()}

= Jax {u2‘7ﬁ (5)}

where the second inequality uses Claims 1 and 2. Hence (C.4) is negative, as required. [

C.5 Low Reputations Work

Lemma 9 shows that firms with low reputations work. For reputations ¢ € @, E*] for some /¢ defined
below, the optimality of working follows directly by showing that X//\'e’(f) and A/ (¢) are decreasing
on [, ¢*]. For reputations ¢ < ¢ the result follows from the closeness of Ap-(-) and A (-).

Lemma 9 Assume (* is large, costs ¢ are small and A\Ag- (¢*) = rc. Then A () > rc for all
<l

Proof. Claim 1. There exists £ sufficiently large such that ‘71/{7%(') is strictly decreasing on [¢, £*]
for any £* > £.

Proof. For 0 < #; < £*, the reputational dynamics ¢; are approximately a Brownian motion
(C.6). Let £ be sufficiently high and consider ¢y € [¢,¢*]. As long as ¢; < ¢* we have g—gé ~ 1.
When the trajectory hits £* then g—fg ~ 0 since £* is reflecting. Using equation (C.1)

! > —rt el ot ~ e —rt et

VH(E) =Tru ) (& ]EZO m% dt = T ) (& E[O m1t<’f(60) dt (C?)
where T'({p) is the time ¢; first hits £*. Since e /(1 + et)? is strictly decreasing for ¢, > 0, and
T'({p) is decreasing in £y, equation (C.7) is strictly decreasing in ¢ on [£, £*].

Claim 2. There exists ¢ sufficiently large such that 3@*(-) is strictly decreasing on @, E*] for
any £* > /.

Proof. Pick £ as in Claim 1. Since the reputational dynamics are determined by reflected
Brownian motion with finite drif/t\ (C.6), we can pick £ > £ such that for any ¢* > , Pry ez (4 €
[£,0*]) ~ 1. Claim 1 says that VIQM*(-) is strictly decreasing on [{, £*]. Equation (C.3) says that
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Ag-(0) is the integral over ‘A/}M* (4:), yielding the result.

Claim 3. Assume that AA - (¢*) = rc and fix any £. Then Ap (+) converges to Ao () uniformly
on [—o0, ] as £* — oco.

Proof. As €* — 00, Ap (¢) converges pointwise to 300(6) for all £. Let £* > (. For any ¢ < ¢,
equations (C.1) and (C.3) imply that, 179’/* (¢), and thus A (¢), depend on ¢* only on trajectories
¢, that reach £*. The future discounted probability of these trajectories converges to 0 as £* — oo,

so the convergence is uniform for ¢ < /.

Proof of Lemma. Choose 0 < £ < ¢*. Claim 2 implies that ﬁg* (¢) is strictly decreasing in ¢
for £ € [€,6*). Since ADAg-(¢*) = re, we have

A= (0%) > re for £ € [0,07).

The function A (+) is bounded away from 0 on [—oc, f].17 Hence Claim 3 implies that Ag(¢) is

bounded away from zero. For small costs ¢, we get
A (0F) > e for £ € [—00, 1],

as required. [

C.6 Essential Uniqueness

Lemma 10 shows that, when costs are low, there is at most one work-shirk equilibrium. Intuitively,
the cutoff £* must be close to co because firms with intermediate reputations will prefer to work.
The proof then invokes a property of the Brownian reputation dynamics to conclude that the value

of quality ﬁg* (%) is decreasing for high ¢*, and that equilibrium is unique.
Lemma 10 For sufficiently small c, there is at most one equilibrium cutoff £*.

Proof. Claim 1. For every ¢ < oo and sufficiently low ¢ = ¢ (Z), there is no work-shirk equilibrium
with £* < ¢.

Proof. The value of quality of a firm with a perfect reputation Bg*(oo) is bounded below
uniformly in cost of effort ¢ and “not-too-high” cutoffs £* < £. Thus, for small ¢ the firm would

prefer to work: r¢ < AAg«(00).

Claim 2. There exists ¢ < 0o, such that Ay« (£*) is strictly decreasing in ¢* for ¢* € [¢, 00].

7 This also follows from Lemma 12.
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Proof. For 0 <« ¢; < £*, the reputational dynamics ¢; are approximately a Brownian motion,
reflected at £*. Moreover, the dynamics df are approximately identical for a firm with reputation
¢ + € and cutoff £* + €. Therefore when ¢ is sufficiently high and ¢* > ¢

0! —rt et ol “
VH,Z* (EO) =ru [ e Ky m%(ﬁo;f )| dt

. et or "
> T’/i/e tE£0+E |:(1—i—€€t)2862(€0 + f,g + 6):| dt
= ‘//\YI{I,K*Jre(ZO + 6)

where the inequality follows from the fact that e /(14 ¢e%)? is decreasing in ¢; > 0. Using equation
(C.3), we conclude that
Ap (%) > Apesc (0 + ),

as required.

Proof of Lemma. When costs are small there is no equilibrium with ¢ < ¢. Suppose there are
two equilibria with cutoffs ¢, 5 > 7. Then Az (£) = AA (5), which contradicts Claim 1. O

The following two Lemmas show that low reputations work, while Lemma 4 ensures that high

reputations shirk.
Lemma 11 Fiz e > 0. The there exists ¢ such that for all ¢ < ¢ and x € [g;1 — €],
A, (z) > rd. (C.8)

Proof. We bound the left hand side of (C.8) below, uniformly across ¢,n,z. To do this define the

discounted occupancy time by
By(|zo) = / e NE, o (L <aldt

and let ¢¢(x|zg) = ®}(z|xo) be the discounted density of z;. On [e;1 — €] the density ¢i(z|zg) is

bounded below by ¢ \ uniformly across (zg,n) because the drift of the Brownian motion is bounded
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above. We then have,

A c(x) = )\,uQ/ e_(r+)‘)tIE$0:I,9t:L [l’t (1—m) VY (a:t)] dt
0

> )\H25(1 - 5)/0 e_(r—i_)\)tEmo:x,Gf:L [Vlél (1) 1:ct€[€;1—6]] dt
00 1—e

= \e(1— 5)/ [/ Vi (x) e (z|zo) da | dt
0 €

SR 5)/ 6,Vir(1 =€) — Vir(o)) dt
0

> const.

for some positive constant, as required. [J

Lemma 12 Fiz e > 0. For sufficiently low costs, a firm with reputation below 1 — & works, i.e.
AAy c(x) > re.

Proof. Fix ¢ > 0. From Lemma 11 we know that (C.8) holds on [¢,1 — ¢]. By contradiction,
assume that there is a shirk-region in [0;¢] and let the highest shirk-work cutoff be 2* < €. Since

dividends are positive, Theorem 1 implies that
Ay e(a*) > E[TVTIA, (o)

where T is the time that a process starting at * hits e. Since the firm is working for = € [z*, €],
E[erMT] and therefore A, . (v*) /A, (¢) are bounded away from 0, independently of «.
Let the cost be sufficiently low so that ¢ < dA, . (z*) /Ay (¢). Then we have

A ,C (CC*) *
re < rc/m <AA, (7)),

where the second inequality uses (C.8) at @ = e. This contradicts the assumption that z* is

indifferent between working and shirking, as required. [

C.7 Zero-effort as A\ — oo

Lemma 13 For sufficiently high A:
(a) Pure shirking is an equilibrium.

(b) There is no work-shirk equilibrium with x* € (0, 1].

Proof. We will show that the dividend ‘79’ (¢) approaches 0 uniformly over all reputations and all
work-shirk effort profiles. That is, lim o0 SUP- ¢[00, 00] ccR Vé@* (¢) = 0, where ¢* = £o0 captures
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the pure shirk (resp. work) profile. Equation (C.3) then implies that limy—,co SUPg« ¢[00 00] ccR A (0) =
0.

To do so, fix € and let £** > 0 solve ez**/ (1 + ez**)2 = €. First, consider a cutoff ¢* in the
tail, i.e. |[¢*| > £**. For any two processes ¢; and ¢}, equation (C.2) implies that in a work-shirk
equilibrium, [¢; — ¢;| decreases over time for any realisation of W;. Hence 0¢;/0¢y < 1. Using

equation (C.1) we get:

~ fz 86
. . — € t
lim sup Vi (b)) = lim  sup E r/e (L —— 2y
S JTNNE S A=00 [+ |> 04+ o (1 + ete)? 0o
Pr(|¢ £ Pr(|t;| > 0%)et™
< lim sup E r/e” vl < €7) + r(ll = — )26 dt
A—»oo|£*‘>€**7go 4 (1—{—66 )

<e.

The second line uses e’/(1+¢%)? < 1/4 and 9¢,/0¢y < 1. The first term under the integral vanishes
because limy_o supy, Pr (|¢;| < £**) = 0 for all . The second term is bounded by «.

Next, suppose that [£*| < £**. Suppose the process ¢; hits ¢* at time 7. Using equation (C.1)
we get:
lim sup ‘70/ (lp) = lim sup E

L
—rt et 8£td
rfe——s5gat
A—00 |£*|<E**,ZO€R A—00 ‘K*‘<£**7€0 (1 _|_ eet) 860

T 00 ov
< lim sup E [T/ e_rtdt+r/ e_”’tdt}
A—00 ‘z*‘<g**7€0 4 t=0 4 t=T 860

=0.

The second line again uses e‘/(1+€f)? < 1/4 and 9¢,/0¢y < 1. The first integral vanishes because
supy, |¢+|<¢++ E[T] — 0 as A — oo. The second integral vanishes because reputational increments
disappear at an absorbing boundary, i.e. E[0¢;/00y(¢*)[t > T] — 0 as A — o0. O
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