parcelona gse

graduate school of economics

The Benefits of Limited Feedback in
Organizations

Stephen Eliot Hansen

July 2010

Barcelona Economics Working Paper Series

Working Paper n° 490



The Benefits of Limited Feedback in Organizations

Stephen Hansen*
Universitat Pompeu Fabra

July 25, 2010

Abstract

In most firms, managers periodically assess workers’ performance. Evidence sug-
gests that managers withhold information during these reviews, and some observers
argue that this necessarily reduces surplus. This paper assesses the validity of this
argument when workers have career concerns. Disclosure has two effects: it exposes
the worker to uncertainty about future effort levels, but allows him to use current ef-
fort to influence his employer’s beliefs about future effort. The surplus-maximizing
disclosure policy reveals output realizations in the center of the distribution, but
not in the tails. Thus, it is efficient for firms to reveal some but not all performance
information.
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1 Introduction

Performance appraisal systems within organizations are an ancient and common insti-
tution[] They also consume many firm resources through the demands they place on
human-resource offices and managerial time[]

At the same time, performance appraisals are often not fully informative. A typical
firm conducts periodic reviews in which supervisors give numerical ratings to the workers
they oversee. Figure [1] displays a rating distribution from a medium-sized service firm in

the United States, where 1 is associated with highest performance, and 5 the worst ]

Typical Performance Appraisal Distribution
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Figure 1: Rating Distribution Example

At the very least, one can conclude that managers in this firm do not differentiate
among performance levels as much as the rating scale allows: 4 and 5 make up just one
percent of the sample, and fifty percent of workers receive the rating 2. While one might
argue that this distribution reflects true performance, there is suggestive evidence that it
reflects information hiding. Several studies have shown that the ratings that supervisors
report to workers are significantly higher and more skewed than the ratings they report to
independent researchers (see Murphy and Cleveland 1991, p.79, and references therein).
Also, the same patterns emerge when rating categories have labels such as “average” and

“below average” (Gibbs 1991)E] Finally, workers and managers themselves report that

!Performance appraisal systems were in place by 300 AD in the Chinese state bureaucracy. As of the
early 1980’s, between seventy four and eighty nine per cent of American businesses used them (Murphy
and Cleveland 1991).

2The Chief Human Resource Counsel for International Paper recently noted that “...few tasks occupy
as much time by human resource professionals as designing, implementing, monitoring, and defending
performance appraisal systems” (Murphy and Margulies 2004).

3This figure is taken from Lazear and Gibbs (2008). The larger dataset on which it is based was
analyzed in Baker, Gibbs, and Holmstrém (1994a) and Baker, Gibbs, and Holmstréom (1994b). Although
this is evidence from one firm, other firms’ rating distributions exhibit similar patterns (Medoff and
Abraham 1980, Murphy 1992).

4In one particularly stark example, Milkovich, Newman, and Milkovich (2007) report a ten-year study
of a thousand-member social service department in which only three of the possible ten thousand ratings
were “below average”.



managers do not distinguish among Workersﬂ

For the most part, researchers have attributed limited feedback to organizational dys-
function in one way or another, implicitly assuming that a departure from full information
disclosure is a pathology to be explainedﬁ However, economic analysis of performance
appraisal systems is very limited, and without first understanding the precise effects of
feedback, it is impossible to comment on what is the surplus maximizing amount of in-
formation provision. The aim of this paper is to partially fill this gap in understanding.
Its central finding is that there are reasonable circumstances under which firms would
like to commit to disclosing some, but not full, information about performance. This
has two important implications: (1) the fact that firms invest in performance appraisal
systems that they then use to provide limited feedback is compatible with efficiency and
(2) the welfare loss from distortions in feedback (of which there are surely many) should
not necessarily be computed from a full-disclosure benchmark.

The argument is the following. In period 0, ex ante symmetric firms compete for a
worker (he) who must be retained in periods 1 and 2, after which firms again compete
to hire the worker for period 3. The first and second period employer privately observes
the worker’s performance, which it cannot credibly disclose to the outside labor market.
After period 2, the employer retains the worker if and only if his expected ability crosses a
threshold. More importantly, due to the informational asymmetry between his employer
and outside firms, the worker earns a constant wage if retained and a constant, lower, wage
if released, meaning that he earns a fixed reputational reward for meeting the employer’s
(endogenous) retention standard[] The worker’s first and second period work incentives
come solely through career concerns, and he exerts effort to signal an ability level that
surpasses the retention standard.

While the initial employer cannot commit to disclosing the worker’s performance to
the outside labor market, it can commit to a disclosure policy that gives the worker
information about his first period performance before he chooses second period effort.
In particular, a disclosure policy partitions the first period output space and reports to

the worker into which element of the partition his output lies.ﬂ Unlike in the standard

°In a case study of Merck, Murphy (1992) reports such sentiments as “Tell me this, how in the world
can 83 per cent of the people be exceeding job expectations while the company, as a whole, is doing just
average?” and “How can I rate my people objectively when the other directors are giving all their people
4s? A 3 isn’t acceptable. I wouldn’t mind if everyone played by the same rules, but they don’t.”

SFor example, Baron and Kreps (1999) argue that managers are not rewarded for providing accurate
appraisals so do not exert the required effort to obtain performance information; Longenecker, Sims,
and Gioia (1987) emphasize managers’ consideration of organizational politics when providing feedback;
Jackman and Strober (2003) suggest that worker’s psychological reactions to feedback may inhibit man-
agerial truth telling; and Prendergast and Topel (1996) show that managers bias feedback as a result of
favoritism for their workers.

"The reason for wage pooling is similar to that in Waldman (1984).

8The paper assumes that the set of possible feedback messages is rich enough to describe all per-



career concerns model (Holmstrom 1999), second period effort is history dependent since
information about first period performance allows the worker to update his belief on
how close his ability is to the retention threshold. More specifically, second period effort
is highest when expected ability lies on the retention threshold and is monotonically
decreasing as it moves away from it. In this setup, information disclosure has two primary

effects:

1. Effort risk. Whenever two feedback messages induce two different effort levels,
expected second period effort costs increase compared to a disclosure policy that
combines them. More information increases the variance of second period effort,
which the worker dislikes since his preferences are given by his convex cost of effort

function.

2. Coasting incentive. When the worker finds out the exact value of his first period
output, he can use first period effort to reduce the amount of effort his employer
expects him to exert in the second (i.e. convince the employer he will coast) because
the employer uses first period output to form its beliefs on second period effort.
Whenever the disclosed output realization leads to an updated belief about expected
ability that lies above (below) the retention threshold, exerting higher (lower) effort
in the first period decreases the employer’s belief on second period effort by moving

its belief on expected ability further away from the threshold. ﬂ

The surplus maximizing disclosure policy (offered by firms to the worker in period
0) must balance these two effects. Assuming that signal jamming incentives alone are
insufficient to support first-best first period effort, there is scope for increasing surplus
by disclosing output realizations that lead to expected ability beliefs above the retention
threshold. However, disclosing output realizations that lead to expected ability beliefs
both near the retention threshold and that are very high expose the worker to the most
risk: in these cases, actual second period effort differs substantially from its expected
value. The efficient disclosure policy therefore discloses a convex, bounded set of out-
put realizations all of which lead to inferred ability above the retention threshold, and
combines all other output realizations in a single message.

The basic setup holds fixed one information asymmetry (that between the employer

and outside firms) and endogenizes another (that between the employer and the worker)

formance levels, but that the principal endogenously opts to coarsen feedback. In the real world, it is
unclear whether firms’ giving mangers a finite set of messages to deliver to workers reflects a discrete
number of distinguishable performance levels or an exogenous source of coarsening.

9The important incentive effect in the model comes from the anticipation of feedback, not the reaction
to it. In fact, with quadratic effort costs, expected second period effort is independent of the disclosure
policy. Two recent empirical papers, Blanes i Vidal and Nossol (2009) and Azmat and Iriberri (2010)
have found an anticipatory effect on effort of feedback, although in environments without career concerns.



in order to keep the focus squarely on feedback within organizations. Before concluding,
the paper examines an alternative informational environment: one in which outside firms
perfectly observe the worker’s performance prior to the third period. As long as there is
some fixed payoff component to remaining in the industry, second period effort remains
single peaked in expected ability, and the qualitative features of the efficient disclosure
policy remain unchanged if the prior belief on worker talent is high enough. Thus the
basic message of the paper is not necessarily tied to a particular assumption on what

outside firms can observe about worker performance.

Related Literature There is a small but growing literature that analyzes feedback
in organizations within a variety of contracting frameworks. Several recent papers solve
for the effort maximizing disclosure policy in tournaments with an exogenous prize. Aoy-
agi (2007) finds that information disclosure increases expected effort in the presence of
concave marginal costs and reduces expected effort in the presence of convex marginal
costs. This paper assumes linear marginal costs, so these effects are not present. Closer
in spirit is Ederer (2008), who introduces complementarity between ability and effort
into the production function so that workers’ effort depends on their beliefs about ability.
He also finds that interim feedback gives rise to first period effort incentives, since each
worker wants to signal a high ability to his opponent to discourage him from exerting
effort in the second period. However, in this paper, the worker is not competing with
someone else, but seeking to push the employer’s belief about his ability above an ab-
solute standard. Feedback generates incentives because the worker wants to manipulate
the belief of his employer to make achieving the standard easierm

Lizzeri, Meyer, and Persico (2002) study optimal disclosure in a two period moral
hazard problem with explicit contracting. Information disclosure increases expected sec-
ond period effort costs in all cases due to effort risk, and increases first period effort
whenever wages are non-linear in output.lﬂ If the worker’s wage schedule is fixed, there
are circumstances under which full disclosure increases surplus relative to no disclosure,
but no analysis is made of partial disclosure.

MacLeod (2003) analyzes how to sustain effort in a principal-agent model in which the

principal privately observes the agent’s subjective output. The optimal contract pays the

0Goltsman and Mukherjee (2008) also derive the optimality of partial feedback in a tournament
framework due to the following tension: on the one hand, the designer wants to maintain competition in
the second stage of the tournament by not informing workers when their first period outputs differ; on
the other, workers would like to exert effort in the first period to avoid ending up in competitive second
stage.

"The first period incentive effects arise because of the difference in the marginal product of second
period effort. Although ability is in the production function, it is a fixed productivity parameter that
the agent cannot influence through effort exertion.



agent a constant wage for all output realizations except the one most informative about
low effort, following which the principal “burns” money, reducing the agent’s surplusff]
He interprets feedback as synonymous with wage payments, so that the rating distribution
is coarser than the output distribution. By contrast, in this paper, feedback messages
are not connected to wage payments; indeed, the worker’s third period wage schedule is
independent of the disclosure policy. Instead, feedback changes the worker’s belief about
where along the wage schedule his expected ability lies, and complements the underlying
signal jamming incentives.

This paper relates to several papers in the career concerns literature initiated by
Holmstrom (1999). Kovrijnykh (2007) and Martinez (2009) point out that, in the presence
of history dependence, the worker’s current effort affects the market’s belief about his
future effort, which is the basis for this paper’s coasting incentive. However, neither
paper explores the relationship between information disclosure and the risk-incentive
trade-off this paper identifies[| Koch and Peyrache (2010) and Mukherjee (2008) both
examine the effect of information release to the labor market in the presence of worker
career concerns. The former examines a situation in which the market can back out
worker ability from wage payments. The optimal contract does not fully reveal ability to
the outside market because doing so weakens the worker’s reputational incentives. In the
latter, a commitment by the employer to full information disclosure to the outside market
eliminates adverse selection and increases the up-front surplus it can extract from the
worker, as long as it can insure him with a long-term wage contract. This paper instead
takes as given the amount of information the outside market receives about performance,
and considers the effect of information disclosure just to the worker. It also rules out
incentive pay by assuming output is purely subjective.

Finally, two recent paper examine other environments in which the principal has pri-
vate information on workers’ abilities and can provide feedback. Ray (2007) considers a
situation in which a principal privately observes an agent’s ability prior to their commenc-
ing a project together. A trade-off arises between disclosing information to induce the
worker to tailor effort to ability and withholding it to retain him. In some cases, revealing
performance information on the tails of the ability distribution and withholding it in the
middle is optimal. Crutzen, Swank, and Visser (2010) model communication between the
principal and two agents as a cheap talk game and show that some information can be

transmitted in equilibrium, although less than the efficient amount. Neither paper is a

12Fuchs (2007) extends this model to multiple periods and finds that the optimal contract pays a
constant wage unless the principal observes the lowest output realization for all periods.

13Kovrijnykh (2007) asks a different question about information release: at what point in time do all
actors in the model want to become aware of worker performance? He shows that by delaying the release
of information, overexertion in early periods can be mitigated.



career-concerns model as such since the prinicpal already knows ability; in particular they

do not shed light on the relationship between signal jamming and information disclosure.

The organization is as follows. The next section lays out the model; the third derives
the equilibrium of period three labor market competition; the fourth discusses the effects
of feedback; and the fifth derives the equilibrium disclosure policy. The sixth section
examines the situation where market firms observe worker performance, and the seventh

section concludes. The appendix contains all proofs.

2 Model

There are four time periods t = 0,1,2,3. In period 0 three identical firms indexed by ¢
compete to hire a single risk-neutral worker (he) for periods 1 and 2 by simultaneously
offering employment contracts whose components are defined below. Once a firm hires
the worker, they are matched for two periods. The firm that hires the worker is the
employer F while the other two firms in the market are M1 and M2.

In periods 1 and 2, the worker produces y; = 6 + a; + €; in whichever firm he joins,
where 6 is talent, a; is effort, and &, ~ N (0, 02) is an output shock. Neither the worker nor
the employer knows # at t = 0, but they share a common prior distribution 6 ~ N (5, 03),
where 6 > 0. The cost to the worker of exerting effort is g(a;) = $a?, and he has an
outside option of 0.

After period 2 firms again compete for the worker, and he has the opportunity to move
to another firm. First the employer makes the worker a wage offer in wf € W = RT.
Both market firms observe w¥ and then simultaneously make wage offers w§* € Wi =
Rt for m = 1,2. If the worker remains with the employer in period 3, his output is
yY = k + 0 + g3 where 5 ~ N (0,02) is an output shock and x > 0 reflects firm specific
human capital accumulation. If the worker instead moves to another firm his output is
y =0+ 5;),@ The role of x is discussed in the following section.

If the worker receives no positive wage offer, he leaves the market. Otherwise, he
moves to the firm that offers him the highest wage. If the employer matches the highest
wage offered by the market firms, the worker remains with the employer. If M1 and
M?2 jointly offer the highest wage, he joins each with probability 0.5. Thus the worker’s
third period wage is w3 = max{0, w¥ wi, w3}. Finally, if any firm makes a positive wage
offer, it incurs an arbitrarily small cost ¢, which could for example be the legal costs from

drafting a wage contract. These assumptions together imply that third period profit for

14The fact that third period output does not depend on effort is without loss of generality as the
worker will exert zero effort in the last period since career concerns cease to exist.



FE is given by

kK+60—wl —§ ifwd >0,wl >max{wl, wi}
B :
Ty =49 —0 if wl > 0,wd < max{wi, w?}

0 if wf =0;
and that third period profit for market firm m € {1,2} is given by (where n € {1,2}\{m})

0—wi—4§ if 1. wd >0 and wi > max{wy, wl}, or

2. wi > 0,wd = wj > w¥, and worker joins firm m
=4 -0 if 1. wP > 0 and w§* < max{wy, w¥}, or
2. wi' > 0,wy = wy > w¥, and worker joins firm n

0 if wy* = 0.

\

The paper makes the standard informational assumption that the worker privately
observes his effort. However, the paper also makes the non-standard assumption that the
employer privately observes his output. This creates two distinct potential informational
asymmetries: one between the employer and market firms and one between the employer
and the worker. Since the focus of the paper is feedback within organizations, it will
take as exogenous the informational asymmetry between the employer and market and
assume that outside firms do not observe any direct signal of the worker’s output. This
assumption also rules out contracting on output since output is necessarily unverifiable.
As a result, in period 0 firm 7 can only offer the worker a fixed compensation w) equal
to the present discounted value of wages in periods 1 and 2, and effort incentives arise in
periods 1 and 2 solely to increase expected third period wages.

In period 0 firms can also commit to revealing information to the worker between
periods 1 and 2 through choosing a disclosure policy Piﬂ Thus a contract is the pair
(wi, PY). A disclosure policy is a partition P of the first period output space Y; = R with
the interpretation that the worker learns that y; € P(y;), the element of the partition
into which his first period output falls. One important subset of these elements is the set
of disclosed output realizations Y/”(P) = {y; | P(y1) = y1 }. To avoid measure-theoretic

technicalities, the paper puts some additional structure on disclosure policies.

Assumption 1 Y? is either empty or is a union of positive measure intervals. Moreover,
whenever YP # R, every non-singleton element of a disclosure policy is a union of positive

measure intervals.

15Disclosing information to the worker after period 2 is payoff irrelevant to all actors in the model.



While this definition is compatible with full disclosure (P(y;) = y; for all y;) and no
disclosure (P(y;) = Y; for all y), it can also accommodate many intermediate case
(reveal whether output is above or below a certain threshold, disclose output over some
interval and hide all other realizations, etc.). The no disclosure policy is used in the
statement of some results, so the paper will denote it by P.

There are two important implicit assumptions that are important to clarify. The first
is that, while it can obscure information, firms cannot lie to the worker about his first
period performance. Indeed, the solution to the model will show that the employer has
an incentive to lie to the worker if given the opportunity to do so. Why then assume
commitment? First, it sets the benchmark for what the employer’s preferred disclosure
policy would be in the absence of communication (or other) frictions. One can then use
this benchmark to compute the welfare loss of deviations from the optimal policy that
may arise for whatever reason. Second, in a more complex model in which the employer
and worker interact for multiple periods or in which there are multiple workers hired by
the employer that can compare the information they receive, the employer may not have
an incentive to lie.

The second important assumption is that the information that workers receive about
their performance is not verifiable. Otherwise, there would be an indirect channel through
which outside firms could discover worker performance: through asking workers them-
selves. The paper maintains this assumption primarily to isolate one informational asym-
metry from the other. One can keep in mind a situation in which the valuable information
in performance appraisals is the verbal assessment and the information in written reports
is essentially meaningless.

While the model is straightforward to describe, writing down the equilibrium of the
full game is rather complicated since the contracts that firms offer the worker in period
0 depend on how his equilibrium effort choices in periods 1 and 2 depend on information
disclosure, which in turn depend on the equilibrium of the game played between the
employer and market firms after period 2. So, rather than describe the full equilibrium
here, the paper instead solves the game via backward induction and provides a definition

of equilibrium for each sub-game.

3 Rewards to Talent

The equilibrium of the labor market competition game played between periods 2 and 3 is
important to understand in its own right since it determines how the worker’s performance
in periods 1 and 2 is rewarded. Let a!¥ : P — RT be the worker’s strategy in period
1 and @y : (P(y1),a1) — R be the worker’s strategy in period 2, and let a}(P) and



a3(P(y1),a}) be firms’ beliefs about these strategies. Prior to making a wage offer wZ

the employer has private information on the worker’s ability in the form of the signals
y1 —a; and y, —a; on which it can condition its wage offers. Essentially, this environment
is a straightforward modification of that in Waldman (1984), in which an employer with
a perfect signal of worker ability chooses the worker’s job assignment and wage before the
outside market makes a counter-offer. Although this paper is different enough to warrant
a separate equilibrium derivationm they are mainly technical; the economic reasoning
underlying the result below is nearly identical to Waldman (1984).

Denote the strategy of the employer as W5 : (y1,y2) — W{E and the strategy of market
firm m as Wy : w¥ — Wi, Denote by [9\{3 the employer’s updated belief on the worker’s
ability after observing v, by é\f the employer’s updated belief on the worker’s ability after
observing (y,y2), and by OM the market firms’ updated belief on the worker’s ability after
observing w¥. As this is a straightforward signalling game, the paper uses the Perfect

Bayesian Equilibrium solution concept to solve it.

Definition 1 A Perfect Bayesian Equilibrium is a set of strategies (w??*,wé*,m;,*) and

beliefs (é\f, é\QE, §M> that satisfy the following conditions form € {1,2} andn € {1,2} \{m}
(where A= U—§> :

toi+o2

wy" € argmgﬂxE[ﬂgn ! Wy, Wy | Ywy (1)
w3

Wyt € arg m%X]E[ﬂ'f | w5 | Yy, ye (2)
w3

0F = My —aj) + (1= M8 (3)

0 = Dol — a3) + (1= X)0F (4)

P =0 | () € (@) (wf) ] vof ewf (5)

Conditions and require market firms and the employer to best respond to each
other’s strategies. Conditions and require the employer to update its beliefs using
Bayes’ Rule. The result that this rule is linear in the prior and signal, along with the
result that the weights take the above form are standard (see DeGroot 1970). Condition
requires market firms to both use Bayes’ Rule to update their beliefs on worker talent
and to correctly infer the information conveyed about the employer’s private information
from observing w¥. Notice that no restrictions are placed on oM following observations

of w¥ not on the equilibrium path["7]

16Tn particular, here the employer has imperfect private information on worker ability, ability is nor-
mally (as opposed to uniformly) distributed, the outside market is modeled as two separate firms (as
opposed to one entity), and firms can only choose wages (as opposed to wages and job assignments).

"Technically speaking, one could allow the two market firms to have different beliefs following off-



In fact, there are a continuum of equilibria that satisfy Definition [T} but all share the

same essential properties.

Proposition 1 In every pure strategy equilibrium, the worker remains with the employer
if and only if §2E > 0" where 0* satisfies

/<+0*—IE[§§‘4/9\2EZG*}ZO.
Furthermore,
W if 0F > o
w3 = ~
W if 08 <o
where
WZ]E[@E 5529*]—5andﬂzmax{ﬂ3[§f 55<9*}—5,0}.

The key feature of every equilibrium wage schedule is that they contain only two
wages: one paid to worker types whose expected ability crosses the threshold 6* and
who stay with the employer; and another paid to worker types whose expected ability
falls short of 8* and who separate from the employer. If the employer paid two different
retained types two different wages in equilibrium, and the outside market believed these
signals credibly communicated private information, the employer would have an immedi-
ate incentive to “lie” to the market and tell it the worker of higher talent was the one of
lower talent through offering it a lower wage. Thus, within the set of retained workers,
credible communication between the employer and the outside market is impossible. The
reason that only one wage is paid to released workers is because of costly bidding. With-
out costly bidding, the employer could still only retain workers above 6* at a constant
wage, but could credibly communicate private information to the market for worker types
below 6*. Providing information for these worker types would be costless and would not
affect third period profits. However, as discussed previously, the purpose of the paper
is to isolate the effects of employer-worker communication from employer-market com-
munication. Assuming costly wage offers not only avoids the problem of solving for the
optimal disclosure from the employer to the market, but has a realistic interpretation.

In order to discuss the equilibrium in more detail, note that any worker type 6* for
whom (1) the employer earns zero profit while incurring total labor costs W — § and (2)
the outside labor market cannot profitably bid away at a total cost larger than W — §

gives rise to an equilibrium. In other words any pair (W, 6*) that satisfies the following

equilibrium observations of wf’, but this would not alter the results.

10



two conditions constitutes an equilibrium:

Kt 0 —TW—6=0 (6)

E[@E 5529*}—W—5§0 (7)

From these conditions one can observe that x > 0 is a necessary (and, as the proof of
Proposition |1 shows, sufficient) condition for there to exist an equilibrium in which the
employer retains any worker types. If k = 0 and the employer valued all worker-types the
same as the market firms did, it could never make zero profit on a worker type 6* while
paying it a wage equal to the expected market output of all types above it.lE Also, one can
easily establish that the set of values of #* that satisfies @ and is unbounded above.
However, the qualitative features of the optimal disclosure policy only depend on the
existence of career concerns, which in turn exist whenever there is a positive probability
of meeting the performance standard 6*. So as long as 6* is finite, equilibrium multiplicity
is not problematic.

Another important point to note is that 6*, W, and W are all independent of the
worker’s first and second period effort choices as well as firms’ beliefs about these effort
choices. The expectations computed over 55 in this section are market firms’ expectations
over the employer’s posterior belief on the worker’s expected ability. Because the employer

and market firms share the same beliefs on the worker’s effort choices, these expectations

2

2, and so these primitives alone determine the equilibrium

depend only on 0, 02, and o
values of §*, W, and W. Therefore, the rest of the paper takes as given constants the
employer’s retention threshold #* as well as the payoff to retention W =W — W.

Effort incentives for the worker arise because increasing output in the first and second
periods increases @E , which in turn increases the probability of earning the reputational
reward W. The next section explores the relationship between these incentives and

information disclosure.

18 Note also that whenever x > 0, turnover is inefficiently high. The efficient turnover rule would be
for the employer to retain any worker type whose expected ability exceeded —k, but since

E[éf’@fz—n] >85>0
the employer would make negative profit on retained worker types near —x in an equilibrium with the
efficient turnover rule. An interesting extension of the current model would be to examine the optimal

retention threshold * that balanced the trade-off between incentive provision and worker turnover, but
this paper does not consider this.

11



4 Effects of Information Disclosure

Before discussing the relationship between first and second period effort and information
disclosure, one first must derive equilibrium effort levels as a function of a given disclosure

policy P. The following definition determines their solution.

Definition 2 FEquilibrium efforts level ai(P) and a3(P(y1), a3) satisfy the following con-

ditions:
W ~ . c ,
ay (P(y1),a1) € argmax]E[ W Pr [62 > 0 ’ al} ’ Y1 € P(yl)] — 5% (8)

~ C
ay’ (P) EaurgrnaXFE[I/VPr[9;k > 0 (agv)ﬂ —Ea? 9)
a1

ay(P(y1),ay) = [ag/(P(yl)>al)}a1:aT 10
a)’ [P] = aj[P]

11
12

)
)
)
13)

(
(
(
(

Condition requires the worker in the second period to maximize the expected proba-
bility of earning the reputational reward minus his cost of effort, given a; and y; € P(y;).
Condition ([9) requires him in the first period to maximize the expected probability of
earning the reputational reward minus his expected second period effort costs minus his
first period effort costs, given P and his second period strategy.ﬂ Conditions and
(11]) require the worker’s strategies to coincide with firms’ conjectures, and the final two
conditions require the employer to update its beliefs on worker ability using Bayes’ Rule.
The paper denotes by é\f the employer’s equilibrium belief on the worker’s expected ability
after observing his output realizations through period t. One does not need to introduce
an expression for how the worker’s beliefs evolve because his expected payoff in the third
period depends solely on his employer’s beliefs about his ability.

(Clearly the distribution of @E is key for determining effort incentives since its realized

value determines ws. It is given by
Lemma 1 6% | y;,a1,a5 ~ N (M(yr — 1) + (1= A)8 + Xo(ar — af + ax — a3),03).

If the employer knew the true value of a; he would estimate the worker’s ability to be
Ay —ay) + (1 — A)0. The second term in the expression for the mean of é\QE | y1, a1, a9
represents “fooling”: the difference between the effort levels expected by the employer

and the ones exerted by the worker.

19The expectations in these expressions are taken with respect to y.
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A concern for equilibrium existence is the potential non-concavity of and @
However, concavity obtains when the cost of effort function is sufficiently convex to offset
any non-concavities in the other terms, so equilibrium efforts are stated assuming that C

is large enough for this to be the case.m

Proposition 2 There exists a C such that, for all C > C, there exist unique and positive

equilibrium first and second period efforts levels given by

WAy [0 — 6 (uy
a3[P(y1), ai] =E %U—i (%) y1 € P(y1) (14)
W, (05 O\ |
i) =B| 726 (%) '
: W2 A2\, [0 —_9* 0% (y,) — 0
E <6) ;g’l ( 1(922 >¢2< 1(922 ) W EYlD(P) %
Pr [y € YP(P)] (15)

A first implication of Proposition [2] is that the channel through which information
disclosure matters for effort comes via the information the worker receives about the
employer’s beliefs about his expected ability: aj and aj are only affected by the realization
of y; through the realization of gf(yl) Accordingly, much of the subsequent analysis
discusses information disclosure in terms of (/9\1‘ rather than in terms of output.

Before proceeding, two more definitions are needed. Positive feedback is the set

VP = { ol w € VPP, Bi(y) > 0" }

and negative feedback is the set Y{¥(P) = YP(P)\Y(P). Positive (negative) feedback
consists of all output realizations that are disclosed to the worker and that inform him
that his expected ability is above (below) the retention threshold. This distinction is

important because each type of disclosure has quite distinct effects.

4.1 Second period effort: effort risk

Effort incentives arise in the second period because the mean of :9\5 | Y1, a1, ag is increasing
in the gap (ay — a3). So, by exerting more effort, the worker increases the probability of

capturing the reputational reward in the third period. This is simply a particular version

200ne might worry that the worker may supply no effort if C is sufficiently large. In fact, for C large,
the marginal cost of supplying zero effort is zero, while the marginal benefit is positive. So, zero effort
provision can never be an equilibrium outcome for large values of C.
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of the signal jamming incentive that lies at the heart of effort provision in all career

concerns models.

0* ;
Figure 2: Second Period Effort and Information Disclosure

To see how second period effort depends on information, consider Figure The
top portion shows equilibrium effort under a disclosure policy in which the worker always
learns é\f In this situation, second period effort is highest when é\}‘ = ¢* and monotonically
decreasing as 9\1‘ moves away from 9* This is because when 4/9\1‘ = 0" there is still a large
amount of uncertainty about whether the worker will remain with the employer in period
3, so effort is important on the margin for determining future payoffs. In contrast, as
5}“ moves into the upper tail of the distribution, it becomes increasingly certain that the
worker will remain with the employer, while as 5{ moves into the lower tail, it becomes
increasingly certain that he will leave. In these regions, a change in effort changes the
probability of receiving W very little, so equilibrium effort falls correspondingly.

An interesting observation is that positive and negative feedback have symmetric
effects on second period effort. A worker who is told that 5}‘ lies some distance x above
0* exerts just as much effort as a worker who is told that 5}‘ lies a distance = below 6*.
This is in contrast to behavioral perspectives on feedback that emphasize the encouraging
effects of positive feedback and the discouraging effects of negative feedback (Meyer, Kay,
and French 1965).

The bottom portion of Figure [2| shows equilibrium second period effort under a dis-
closure policy that reveals the value of interim expected ability between two points —2b
and b, and otherwise reports whether it lies in (—oo, —2b) or in (b, 00). Clearly effort
remains the same as under the full disclosure policy for interim ability realizations that

lie in (—2b,b). However, effort changes in the tails, where the worker now exerts an effort

21 This also shows that the employer has an incentive to renege on his commitment to a disclosure
policy and simply tell the worker that 67 = 6*.
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level formed by taking the expectation over all expected ability levels contained in the
associated partition element. Consider the case in which the worker learns his expected
ability lies in (—oo, —2b). Workers for whom gf lies close to —2b now exert less effort than
under full disclosure because they are pooled with types further away from the retention
threshold. On the other hand, workers for whom % is very low will now work harder than
under full disclosure since they expect their ability to be closer to 6* than is actually the
case.

In general, then, moving from one disclosure policy to another will cause some ability
types to exert more effort and others to exert less. The first interesting property of a

disclosure policy is that in expectation these changes cancel out.
Corollary 1 E[aj] is independent of the disclosure policy.

The fact that expected second period effort does not depend on the disclosure policy
means that firms do not have to take into account the incentive effects of the worker’s
reaction to feedback. This result relies on the quadratic effort cost assumption, since
this gives linear marginal costs, allowing one to use the law of total probability to com-
pute expected second period effort. Any deviation from quadratic costs will mean that
expected second period effort does depend on the disclosure policy, but the paper main-
tains the quadratic assumption to isolate the trade-off between risk and coasting without
introducing a third effect as well ]

While a disclosure policy does not affect expected second period effort, it does affect

expected second period effort costs.

Corollary 2 Let P and P’ be such that P’ is a refinement of P. Then E [(a§)2] is higher
under P’ than P.

Providing more information to the worker about his performance increases the variance of
his second period effort, which, because his preferences over effort are given by a convex
cost function, increases his disutility. In short, the worker prefers to exert a given effort
level with certainty than to do so in expectation. This is the first substantive point about
feedback in organizations. It implies that if workers only exert effort for one period, the

surplus maximizing policy provides no information.

2ZNevertheless, one can show that when the worker’s cost of effort function is g(a;) = %af 1 Where

B > 1, the essential findings of the paper are robust in the following sense. For any disclosure policy
that (1) reveals no information or (2) reveals an unbounded set of output realizations, there exists some
alternative disclosure policy that reveals a bounded set of output realizations and that yields higher
surplus.
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4.2 First period effort: coasting incentive

While feedback has no second period incentive effects, it does have first period incentive
effects. As given in Proposition [2], first period equilibrium effort consists of two parts.
These derive from the two ways the worker has of fooling the employer in period 1. The

first is to increase the gap a; — aj by increasing a;. This is again signal jamming, and is

W s (6" —6i(y)
C 092 09

which is independent of the disclosure policy. This is equal to second period effort under

captured by the term
E

the no disclosure policy PV: in both cases, the worker has no additional information
beyond the prior distribution on which to base his effort choice.

The second way in which the worker can fool the employer in the first period is more
subtle and relates to the gap as — a3. Recall that a3 is equal not only to the worker’s
equilibrium second period effort level, but also his employer’s belief about the amount of

effort he will exert in the second period. When the worker learns the value of y;,

a5(P(y), @) = 222 (M)

C 09 ()]

which depends on directly on y;. In contrast, when the disclosure policy does not reveal

W e (e* - 5?@0)

yy directly,

ay(P(y1),a7) = E y1 € P(y1)

Y

C 09 ()]

which is a constant independent of ;. Thus the worker can use first period effort to
influence the amount of effort that the employer expects him to exert in the second, but
only when the disclosure policy reveals y, directly.

Now, the worker wants to reduce the amount of effort his employer expects of him so
that it attributes more of his second period output to his innate ability rather than to his
effort. In other words, he wants the employer to believe he is “coasting” in the second
period and not exerting high effort. Whenever the worker learns vy, %ﬁ“) > (. However,
how this translates into a change in a3 is asymmetric. When é\fj (y1) < 0*, increasing ay
increases aj by pushing §1E (y1) closer to 6*, the point at which the employer expects
maximum effort. In this case, the worker wants to reduce his first period effort. On the
other hand, when @\{E (y1) > 0*, increasing a; decreases a’ by pushing gf(yl) further away
from 6*. In this case, the worker wants to raise his first period effort. Thus, the coasting

incentive can either work to increase first period effort or lower it.

16



Corollary 3 Suppose two disclosure policies P and P’ are such that YiF'(P") C Y/'(P)
and YN (P) C YN(P'). Then a} is higher under P than under P'.

The effort maximizing disclosure policy P¥ thus maximizes the amount of positive
feedback and minimizes the amount of negative feedback. In a sense, the coasting in-
centive is related to the ratchet effect studied previously in the dynamic moral hazard
literature. In both cases, the agents’s current effort affects the principal’s expectations
about future performance. Here, though, coasting can work to both increase and decrease
first period effort, whereas the ratchet effect is usually seen as discouraging effort. More-
over, the employer can endogenously choose the strength of the coasting incentive by
altering the amount of information the worker receives about his performance, whereas
feedback is not an instrument for influencing the ratchet effect.

Now that the paper has identified the two channels through which information disclo-
sure operates, it can finally turn to answering its basic question: what disclosure policies

do firms offer the worker in period 07

5 Equilibrium Disclosure Policy

The previous section solved for the equilibrium effort levels conditional on the worker
already having joined one of the firms under some fixed disclosure policy. The analysis
now moves to the beginning of the game (period 0) in which the worker is not yet
matched with any firm and in which firms simultaneously offer contracts to the worker.
The equilibrium of the game is for each firm ¢ € {1,2,3} to offer the contract (w, P*)
that satisfies

maxh = g(ai(P) = Blg(a5(P'(w), )] + T Pr [0F 2 0 | + W er [ 6 <0 |

s.t. 20 + af(P") + E[a3(P'(y1),a}) ] =0. (16)

That is, firms maximize the worker’s utility subject to earning zero profit. Substituting
for wj and using the fact that 6 and period 3 compensation are independent of P?, one
can conclude that each firm offers the worker the surplus maximizing disclosure policy

P?S given by
P¥ = argmaxaj(P) — g(ai(P)) + Ela3(P(y), a7) — g(a5(P(y1). a7)) ] (17)

Of course P® depends on the effort level with no information disclosure. Since the
usual worry in career concerns models is the under provision of effort, the paper assumes
that Caj (PY) < 1 so that first period effort is less than first best under no disclosure. In
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this case, P° must satisfy a risk-incentive trade-off, but one that is quite distinct from the
one familiar from the moral hazard literature (Holmstrém 1979). There, the instrument
for inducing effort is output pay and the associated risk is over wealth levels. Here, the
instrument for inducing (first period) effort is positive feedback, and the associated risk

is over (second period) effort levels. The following is the central result of the paper.

Proposition 3

1 if 1 € [y, y*]
(=00, y*) U (y™,00) ifyr € (—o0,y*) U (y*™, 00)

pPS =

where 0* < 03 (y*) < 0% (y™) < .

One can build up the intuition for the result step-by-step. As discussed in the previous
section, the coasting incentive only arises over the set of output realizations directly
revealed to the worker. Thus P° should only contain only one non-singleton element. If
a disclosure policy contained two non-singleton elements, one could combine them without
changing first period effort. At the same time, one would decrease expected second period
effort costs (by Corollary [2]) through reducing effort risk. So disclosure policies of the form
“reveal whether output is above or below 0” or “reveal whether output lies in (—10, 10)
or (—oo,10) U (10,00)” can never maximize surplus.

Since by assumption C'aj (PN ) < 1, negative feedback is doubly bad. First it further
reduces first period effort from its already inefficiently low level, and second it exposes the
worker to effort risk. Therefore P° provides no negative feedback. Combining this insight
with the one that P° can only contain one non-singleton element means that in the search
for P° one only needs to consider disclosure policies that can be fully described by the set
of (equilibrium) beliefs on expected ability that the employer reveals to the worker, which
one can denote with the set ©%(P) = {5{ (1) | y1 € YP(P) } Consider moving from
disclosure policy P to disclosure policy P’ that satisfies ©%*(P’) = ©%*(P)U|[t, t + €] where
¢ is small and ¢ € (0*,00). This raises first period surplus on the margin by increasing
first period effort and lowers second period surplus on the margin by increasing expected
effort costs. The following figure plots out the associated marginal benefit and cost curves
for all t € (6%, 00). It is important to keep in mind that this figure is drawn for any P that
has one non-singleton element, provides no negative feedback, and for which Caj(P) < 1,
not just P°.

One can show that the marginal cost of disclosing additional beliefs [t,t + €] is pro-

(E ¢<6*(:2§I> _QS(G*Ugt))Q' 18

portional to

0 ¢ 0% (P)
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0* t t

Figure 3: Marginal Cost and Benefit of Information Disclosure

In words, the additional risk to which the worker is exposed when one moves from a
disclosure policy that keeps [t,t + €] hidden and one that reveals [t, ¢ + ¢] is proportional
to the squared difference between the effort level that the worker exerts under the original
disclosure policy conditional on not learning his expected ability and the effort level the
worker exerts conditional on learning that é\i‘ = t. This risk is highest when ¢ is large and
when t is near 6*. In the first case the worker’s effort conditional on learning ¢ is much
lower than the effort level he would exert conditional on not learning his type, and in
the second case his effort conditional on learning ¢ is much higher than he would exert
under ignorance of his type. On the other hand there exists some ¢ such that the worker’s
effort conditional on learning gj‘ — ¢ is exactly equal to the effort level he exerts under
ignorance. Disclosing the additional beliefs fﬂf—i— 5] to the worker thus exposes him to
almost no additional risk.

On the other hand, the marginal benefit of additional disclosure depends on the
strength of the coasting incentive, which itself is proportional to the sensitivity of the
employer’s conjecture on the worker’s second period effort to first period effort. When
5{ is near 6, this conjecture is flat since it is near is maximum value. When 5{ is very
large, it is also flat since it is near its minimum. The key point is that the additional
coasting incentives generated by disclosing [t, ¢ + ¢] are small in exactly the cases in which
the additional risk is large and vice versa. Thus the surplus maximizing policy conceals

beliefs near #* and large beliefs and reveals intermediate beliefs>]

Discussion. The first, and perhaps most important, implication of Proposition [3] is

that the surplus maximizing disclosure policy features partial information disclosure.

23Using the exact same logic, one can conclude that if Ca} (PN ) > 1, PS reveals a bounded interval
of negative feedback. So the only case in which firms do not disclose information to workers is when
Caj (PN ) = 1; that is, when signal jamming incentives alone give rise to first-best first period effort.
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The possibility of information disclosure from managers to workers raises social welfare,
and as long as implementing such systems is not too costly, it is efficient to invest in
them. However, in environments in which workers receive reputational rewards such as
professional service firms, the most efficient way to use feedback systems is not neces-
sarily to provide full information. Prima facie, one cannot conclude that it is inefficient
for companies to set up performance appraisal systems and for managers to subsequently
use these systems to deliver limited feedback.

The model also shows that the efficient disclosure policy is characterized by a partic-
ular type of limited feedback. If the worker’s first period output lies between y* and y**,
he learns the precise value of his expected ability. If his first period output lies outside of
this set, he simply learns that his expected ability is ]E[@\f (y1) ‘ € Y1\ [v*, v ] The
interesting point here is that the worker never learns that his expected ability lies in
the tails of the distribution, and that the rating distribution is concentrated. Broadly
speaking, this is consistent with stylized facts about real world rating distributions@

The model also clarifies other, more subtle, potentially false intuitions about feedback
and motivation. Although positive feedback is a way of alleviating inefficiently low effort
provision, it is never used to fully eliminate the inefficiency. Suppose that the employer
is using a disclosure policy P at which Caj(P) = 1. Then, since effort is already at its
first best level, removing a small interval of positive feedback reduces first period surplus
very little compared to the reduction in riSkE So, the trade-off between incentives and
risk is never resolved by fully eliminating the first period inefﬁciency@

Recall from section that the effort maximizing disclosure policy PF takes the
form ©%(PF) = (0*,00); that is, it provides maximum positive feedback by revealing
all expected ability realizations above the retention standard. This section shows that
the output realizations disclosed under P° are a strict subset of the output realizations

disclosed under P¥. Thus the worker receives more information about his performance

24Prendergast (1999) writes on page 30 of his oft-cited overview of incentives in organizations that

There is considerable evidence in the personnel literature that supervisors distort sub-
jective performance ratings by not sufficiently differentiating good from bad performance
in their ratings...Two relevant forms of compression are noted in this literature: “centrality
bias” and “leniency bias.” Centrality bias refers to a practice where supervisors offer all
workers ratings that differ little from a norm. Leniency bias implies that supervisors simply
overstate the performance of the poor performers. Such compression is well documented in
the personnel literature...

Note, however, that the model cannot speak to the phenomenon of grade inflation in which supervisors
overstate performance. By assumption, disclosure policies can hide information from workers but cannot
deceive them.

25 A more formal argument is given in the proof of Proposition

26This is similar in flavor to the well-known result that in a moral hazard problem with a risk neutral
principal, an agent with CARA preferences, a production function with a normal error term, and linear
contracts, the optimal contract never implements first best effort due to the agent’s risk aversion.
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under the effort maximizing policy than is efficient. Suppose one compared two firms
with workers of similar talent, one of which used P¥ and one of which used P°. One
would observe that the former provided more information to workers and enjoyed higher
productivity levels. It would be tempting to conclude that it was also pursuing an un-
ambiguously superior policy disclosure policy, but this is false. The risk that workers in
the firm using P¥ face outweighs the associated gain in productivity.

Of course, this observation only matters if there are convincing reasons for why one
might observe P¥ in practice. In many occupations in which career concerns operate,
firms have bargaining power with respect to entry level workers while competition for
talented experienced workers is strong, with a correspondingly high wage differential
between junior and senior members of a firm (Maister 1993). If entry level workers are
wealth constrained and future expected reputational rewards are high compared to initial
effort costs, firms can offer P¥ and still satisfy the worker’s participation constraint. In
this case, firms would not internalize effort risk and would provide too much information 7|
Also, if line managers are rewarded on the basis of their workers” productivity alone, they
would also not internalize the increased disutility of effort they impose on workers by using
PE. The main message here is that the possibility of too much information disclosure is

as legitimate a concern as too little information in the presence of career concerns.

6 Disclosure with Symmetric Information in the La-
bor Market

One of the most important assumptions in the model is that outside firms cannot observe
worker output. While effort risk and coasting are presumably general effects in career
concerns models with history dependent effort, their direction and magnitude are linked
to the payoff to reputation, which in turn is determined by the amount of information
labor market participants have about worker performance. Ultimately, Proposition
relies on the reward schedule derived in Proposition[I} This section therefore explores the
robustness of Proposition [3|to an alternative assumption about market firms’ information;
namely, that they perfectly observe y; and yg.@ It continues to assume that the worker

remains with the employer for periods 1 and 2 and that the employer alone controls what

2"In occupations characterized by high returns to promotion, previous research has found evidence of
over provision of effort (Landers, Rebitzer, and Taylor 1996). These industries’ feedback policies may
thus worsen an already existing “rat race” brought on large reputational rewards.

280mne concern is that observability opens up the possibility of contracting on output. However, the
paper adopts the approach in Holmstrom (1999) and continues to assume that career concerns remain
the only source of effort incentive in spite of observability. Of course, nothing about observability implies
verifiability.

21



the worker observes about ;.

Under symmetric labor market information, solving for the rewards schedule is much
easier than before. While the bidding cost and human capital accumulation assumptions
from the baseline model are important for characterizing equilibria, here they are not, so
one can set 6 = k = 0 for simplicity. After they observe y; and ys, market firms share the
same belief as the employer on worker ability, so that oM — 52E . Firms then engage in a
standard Bertrand bidding game in which the worker stays in the industry at a wage equal
to his expected output if his expected output is non-negative, and otherwise leaves the
industry and earns his outside option 0. The paper makes the additional assumption that
there is some fixed reward component F' of remaining in the industry. This could represent
many situations. For example, there could be some non-monetary compensation from
remaining with the employer like moving to a bigger office or there could be psychological
benefits deriving from enhanced pride or greater professional responsibility. The resulting
rewards schedule is

F+62 if 62 >0

I (19)
0 if 6F <o.

wsg =
The main difference between this wage schedule and the one in the asymmetric informa-
tion case is that the worker earns a higher wage when his reputation increases, conditional
on remaining in the industry. Before, more talented workers did not earn higher wages
because market participants had no way of distinguishing talented workers from mediocre
ones. Now, since output information is available to outside firms, they are willing to pay
more to workers whose performance is better. The resulting equilibrium effort levels are

given by the following.

Proposition 4 There exists a C such that, for all C > C, there exist unique and positive

equilibrium first and second period efforts levels given by

[ F X (0 Ao (0
PG, afl =B | 726 (#) +g<1>< lfjj)) n € Py (20)
CL*[P] —E -E& Aik(yl) + &CI) AT(yl) - +
! N OO’Q 09 C 09
o[ (b Gz | ]
[§Q¢0mm>+%¢<}m»] v €YI(P)
Hkmenﬂpﬂ. (21)

Effort incentives now come from two sources. First, the worker wants to signal an

ability level above 0 to remain in the industry and earn the fixed reward F. This source
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of effort incentives works just like the asymmetric information case: the first term of
is equal to the expression for a} in Proposition [2| taking 6* = 0 and W = F. Second, the
worker wants to signal a high ability in order to increase his third period wage conditional
on remaining in the industry. This is reflected in the second term of , which is absent
from the expression for a3 in Proposition [2] Figure[d] plots second period effort under full

disclosure.

A~

0 : : %

1

Figure 4: Second Period Effort Under Full Disclosure

Even though the wage schedule is now increasing in expected ability above 0, the
presence of F' continues to make effort single peaked; one can easily show that this peak
occurs at %5 The intuition is the same as before: for high and low levels of @\T(yl), effort
at the margin matters very little for changing the probability of remaining in the industry.
However, there is an important difference with the asymmetric information case. Rather
than dropping to 0 as é\i‘(yl) becomes large, aj now limits to % because increases in
é\QE translate into higher wages even as earning F' becomes a near certainty. The next
result shows the associated implications for the efficient disclosure policy, where ©*(P)

is defined as in the previous section.

Proposition 5 Suppose that Caj(PY) < 1. For every P for which ©F(P) is not a strict
subset of (%5, oo) or (), one can find a P' for whcih ©%(P') is a strict subset of (U—Fg, oo)
and that yields a higher surplus than P.

Moreover, there exists a 0 such that, for all 6 > 5/, for every P for which O (P) =0
or for which ©¢*(P) is unbounded above, one can find a P" for which ©F(P") is a bounded
subset of (%%, oo) and that yields a higher surplus than P.

One can think about feedback here the same way as before. First, coasting incentives

will reduce first period effort whenever the worker learns that y; is such that 5; (1) < %3

and increase it whenever he learns that 5{ (y1) > %% Second, all feedback will increase
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effort risk. So the efficient policy has only one non-singleton element that contains all
~ 2
output realizations for which 67 (y;) < % and must resolve a risk-incentive trade-off for

~ 2
all output realizations for which 65 (y,) > %.

The fact that reputational incentives do not decline to 0 for high realizations of ex-
pected ability presents two complications for characterizing the efficient policy. To see
them, note that the marginal cost of replacing disclosure policy P with a disclosure policy

P’ for which ©%(P') = ©%(P) U [t,t + €] where ¢ is small is proportional to

(At) ~ B[ AG:w) | Fiw) ¢ (P ]) (22)

The first complication is that one cannot always find a measure of “riskless” beliefs to

where

disclose to the worker. While the MC curve plotted in Figure |3 always had a mini-
mum point of 0, here this is not the case. In particular, under the no disclosure policy
PN the worker’s effort level is ]E[A(é\{(yl))] Since A(t) > % on t € [%,oo), risk-
less beliefs only exist if E[A(gf(yl))} > 22. Thus, depending on the strength of the
coasting incentive, PY might actually maximize surplus. The second complication is
that one cannot necessarily rule out the possibility that the efficient policy reveals a
set of output realizations that is unbounded above. Consider a disclosure policy for
which ]E[A(é\i‘(yl)) ‘ gf(yl) ¢ @Cf*(P)] = 22, The risk to which workers are exposed
from adding beliefs [t,t + ] tends to zero as t — oo; moreover, one can show that the
marginal benefit of adding beliefs [t, ¢ + ¢] to ©*(P) exceeds the marginal cost as t — oo.
Both of these complications are not relevant if @ is large enough because this ensures that
E [A(@\{(yl)) ‘ gf (y1) ¢ @‘f*(P)} is bound away from 22 for the relevant set of disclosure
policies. Thus a crucial property of the rewards schedule in the baseline case is that
reputational incentives disappear for high output realizations.

While all of the qualitative features of the efficient policy are only carried through
to the symmetric information case if # is large, important messages emphasized in the
previous section are preserved regardless of the value of . First, the efficient amount
of information for the worker to receive is a coarsening of the underlying performance
distribution. Second, when the efficient disclosure policy reveals some information, it will
never fully eliminate the inefficiency in first period effort. Finally, the effort maximizing
disclosure policy provides strictly more information than the surplus maximizing policy

for all parameter values.
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7 Conclusion

This paper has argued that limited feedback in organizations is compatible with efficiency
in the presence of career concerns. Thus, one must take great care in drawing any welfare
conclusions from empirical evidence on limited feedback. Without going deeper into the
reasons for why an organization provides limited feedback, one cannot determine whether
more feedback would increase surplus. Indeed, if firms do not internalize workers’ effort
risk, they may even provide too much feedback.

Of course feedback in the real world operates through many channels that are not
present in this model. For example, the ratings a manager gives a worker often serve as
an input into bonus and promotion decisions. Also, performance appraisals often serve
a training purpose by informing workers about how to do their jobs better. A more
complete model that incorporated these other effects may well favor more information
disclosure.

Still, given the absence of a well-developed economic literature on feedback in organi-
zations, the model provides a starting point for thinking about feedback in environments
where reputation matters for promotion. At the very least it provides answers to the
questions of whether performance appraisals can increase firm value and whether more
feedback is always better. The answer to the first is yes and to the second is no. Answers

to more detailed questions with more empirical content await future research.
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A  Proofs

A.1 Section 3
A.1.1 Proof of Proposition

Proof. Let Wf* be the set of equilibrium actions defined by EP’?*. For all w?:E € Wf*, M1 and
M?2 engage in a Bertrand bidding game whose solution is standard. Each firm offers the worker
the maximum between the surplus of market employment and zero so that

oM (wE) — 6 if OM (wF) —wf — 5> 0

T = M (wE) —sor 0 if P (wE) —wF —5=0 (24)
if M (wf) —wl -5 <0,

Let Y/ = { (y1,52) | w5*(y1,y2) > 0} be the set of output pairs after which the employer
makes a positive wage offer to the worker. In equilibrium it must be the case that

OM (W5 (y1,y2)) — W5 (y1,42) — 6 < 0 V(y1,y2) €Y' (25)

That is, the employer cannot make a positive wage offer that it knows the market will better,
since otherwise the employer would be better off offering wf = 0 and saving the bidding cost
0. Also it must be that

K+ 0% (y1,y2) — W5 (y1,y2) — 8 > 0 Y(y1,y2) € Y. (26)

That is, the employer must make non-negative profit to all workers to whom it makes a positive
wage offer. Otherwise, it would again improve profit by offering w?f; = 0.
Now suppose there exists some pair of outputs (yf,ys) C Y’ and (yf,y3) C Y’ such that

Wyt (y1,y5) = wi' > wi? = w5y, v3).

Then, from the arguments above, it must be the case that
éM(wfi) —wkF —§5<0fori=1,2

as well as o |
K4 08 (yh,yb) —wFt —§ >0 for i =1,2

But then the employer strictly improves profit by offering the wage w? after observing (y1,y3)
instead of wflz it continues to retain the worker while paying strictly lower wage costs. So the
employer can only make one positive wage offer W in equilibrium. R

Because the wage offered to workers retained in equilibrium cannot vary with 95, it must
be the case that the employer retains all workers for whom é\f > 0* where 0" satisfies

k+0" =W —=§=0.

That is, the employer retains all workers on whom it makes non-negative profit. In equilibrium
the market firms must correctly infer this rule, so that their estimate on worker talent after
observing W is

@4@):@[55\5529*}
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Thus, for an equilibrium to exist, it must be the case that the pair (W, §*) satisfies the following
two conditions:

K+0 =W —-6=0 (27)
]E[@E‘@Eze*}—égw, (28)

which in turn imply that 6* must satisfy
n+9*—E[§QE‘§§29*]20. (29)

One now needs to establish the existence of a #* that satisfies (29)). First note that because
0F is a linear combination of normal random variables, it is itself normally distributed with

mean
2 2
o o —
E| —2—(yi—a+y—a) + ———0| =
|: 20_% + 0_52 (yl 1 Y2 2) 20_3 + O_g
2 2 2 2
o 1 — 205 + 02—~ -
E| -—5%—0+e+0+¢ £ ———0=0
[203—{—0’82( rert o 2)+203—|—0§ ] 203 + o2
and variance that one can denote by o2. Now consider the function
f@)=2~B[85 | 0§ > 2] (30)

Two helpful results from distribution theory (Greene 2003, p.759) are the following, where 7 is
the normal hazard rate:

E[ﬁfléfzm]:wrm(x_@) (31)

g

7' (a) =v(a) (v(a) —a) € (0,1) Va e R (32)

Together these imply that f'(x) > 0. Now by observation lim, .~ f(z) = —oo. From (32])

Observe that

since

and limg o, =7 = 00. So

lim ~ — =0,
r—00 g g

implying that lim, . f(z) = 0.
The above arguments show that is satisfied for any 6* > x*, where x* uniquely satisfies
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f(x*) = —k. Therefore, if an equilibrium exists, the employer retains all workers for whom
672E > 0* > x* at a wage W that satisfies . If é\QE < 0* the employer sets wi = 0 and the
worker’s wage is implied by .

Finally, the proposed equilibrium exists as long as the employer can make no profitable
deviation to some wf other than 0 or W. In order to rule out this possibility, one can set

0" (wf)) = O (W) Yy # {0, W}

so that market firms infer the worker to have a higher ability after observing an out-of-
equilibrium wage offer that after observing W. m

A.2 Section 4
A.2.1 Proof of Lemma [

Proof. 95 | y1,a1,az is a linear combination of normal random variable so is itself normal with
variance o5 and mean

]E[é\zE ‘ yl,al,@} = ]E[)\Z(yQ —a}) + (1= Xp)fF ‘ y1,a1,a2}
=X2 (Ai(y1 —a1) + (1 =)0+ (a2 — a3)) + (1 = A2) (M(yr —a1) + (1 = A1)0 + A1 (a1 — al))
:)\1<y1 — a1> + (1 — )\1)@4- )\2(a1 —a1+as — 62)

A.2.2 Proof of Proposition

Proof. Let gl(yl) = M(y1 — a1) + (1 — X\1)f. From Lemma |1| the worker’s second period
objective function is

1— & (9* — é\l(yl) — )\2(&1 — a’{ “+ ag — (1;))

02

—Q@ (33)

E
W 2

y1 € P(y1)

where @ is the standard normal CDF and the expectation is with respect to y;. The first
derivative is

E

y1 € P(y1) | — Cas. (34)

W&(ﬁ (9* — 51(:[/1) — /\2((11 — Of{ + ag — a§))

g2 02

As as — 0, > 0, while as ao — oo, < 0. So an interior solution to the optimization
problem exists. The second derivative is

W§¢/ (9* —01(y1) — Aa(a1 — aj +as — a’é))
2

02

- yi€P(y) | -G, (35)

which limits to —oco as C' — o0o. So there exists a C'; such that, for all C' > C1, is globally
concave and the first order condition gives as a global maximum

ay [P(y1),a1] =E y1 € P(y1) |- (36)

C o9 09

W Ao (9* —01(y1) — Molar —af +aff — a§)>
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For a3 to be consistent with the worker’s strategy, we must have

W, (0 i

C oy o9
Suppose there are n € N non-singleton elements of the disclosure policy P and that non-

singleton element Y7 for i € {1,--- ,n} is made up of m; € N intervals. Denote by Yy and

as [P(y1),a1] = E

y1 € P(y1) |- (37)

Y,; the left and right endpoints of the jth such interval. Also, suppose that Y/P is made up of
mq € N intervals and denote by y dj and Y the left and right endpoints of the jth such interval.
Finally, let

v = {y" | lim P(y" +2) £ P(y" —e)}.

be the set of boundary points between the elements of P. Each finite interval endpoint described
above is a member of Y5,

By applying the change of variables z = y; — a1, one can express the worker’s first period
objective function as

g /ydj—ﬂ(ydjEYB)al wil1—a (9*_51(z)—/\2(a1—af+a‘2’;(z+a1,al)—‘I;(z‘*‘alv“f))>) f(2)det
L (2)dz
v, 1(y, €V )ax S (a¥ (2 + a1, a1))
TR TR Py (1 _ (9*_51(z)—A2(a1—aT+a¥V(Yf,a1)—a§(y1ivaf)))> _ £(2)d
L (2)dz

>y Z

i=1 j=1 gij_l(gijEYB)al % (a‘Q/V(Yf,al))Q

i=1

_Cp (39)

Here f, is the pdf of z ~ N (0,02 +02), 51(,2) = Mz+(1-X)0, and a (Y], a1) and a}(Y{, a}) are

constants independent of z. The indicator functions in the limits of integration takes account

of the fact that one need not transform the two infinite interval endpoints by subtracting a;.
Differentiating with respect to aq gives

)\2W¢ 9*_§1(z)—Ag(al—a*f—&-agv(z+a1,a1)—a§(z+a1,a’1‘))) %
g2

mq 02

Taj—1(U4;€Y B )as
/ (1 4 2o o) _ 8a3(’2t?1’af)) folz)dzt

8(15‘/ (2+a1,a1)

Edf]l(gdjEYB)al Cal( )
—Cay (z+a1,aq Ja,

j=1

02

n m; ?ij*ﬂ(?ijGYB)m
M) Fol2)dot
;j;/yi.]l(yiEYB)al (1 + daq . z
T —Ca¥V (Y, ap) 22 0 han)
2 1,41 a1

P 0% —0, (yB—a1)—Az2(a1 7a{+agv (lime—0 P(nys),al)fag (lime—0 P(nys),af)) > .

o2

AW 0*—§1(z)—Aa(al—af+a¥V(Yf,an—a;(w,a;))> y
02

§ W @ <9*§1 (nytll)*)\Q(al*CL’{‘FC’«XV(hmsHO P(yB+E):a1)7a§(hms—>O P(yB+E)7CL’1‘))> X
yBEYB 72

. 2 . 2
+% ((agv(hmg_)g P(yP —¢),a1))” = (ay (lime—o P(y® +€),a1)) )

fz(yB —ay) — Cay. (39)
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The first two terms simplify to

Ma g —1(Gy €Y P )ay AW 0*—01(2)—Xa(a1—aj+al (z+a1,a1)—a}(z+a1,a})) %

Z 72 72 f2(2)dz+
B Oas(z+a1,a¥) z

j=1 gdj_]l(gdjey )al (1 - == da1 — )

gij_ﬂ(gijGYB)al 0% —01(2)— Mo (a1 —a*+a¥ (Yia1)—a Y,
ZZ/ <,\§12/V¢< 1(2)=A2(a1 1+U22(171) 3( > >fz()2 (40)

B
i=1 j=1"Y; ]1<£ij€Y )a1

For the sake of space the paper does not compute the second derivative. One can show that
it tends to —oco as C' — oo so that there exists a Cy such that is globally concave for all
C > (5. In this case the first order condition is sufficient for a maximum.

It remains to be shown that the first order condition has an interior solutionY] The first
step is to derive cond1t10ns under which the first three terms of (39) are positive as a; — 0.

As one can see from ) the second term is always positive. From an ' one obtains
39)) li

im0 a‘Q/V =0, hmc_>OO a5 =0, and limo_, o ga2 = 0. So the third term of

C' — oo, while the first term limits to is

imits to 0 as

%/ydj_ﬂ(ydjey}g)al <)\2W¢ (9* — (/9\1(2) —ay + af))) Fu(2)dz > 0
Jj=1 gdj_ﬂ(ﬂd]EYB)m 02 o9 2

So there exists a C3 such that the first and third terms of are positive at a; = 0 for all
C > C5. By observation tends to —oo as a; — o0o. So for all C > C3, the first order
condition has a unique mterlor solution given by a‘l’V. Thus whenever C' > max{Cy,Cs,C3}
the worker’s first and second period optimization problems have unique interior solutions. One
then obtains expressions for equilibrium effort by imposing the condition a} = a}’ and noting
from and that a} = a) whenever a} = a}’.

It remains to be shown that a] is unique. Consider the function

h(aT) :aT_/_oo )\2W¢ (9* _91(2)> fz(z)dz—

02 02

m

d ?dj—ﬂ(gdjEYB)aT 174 2 )\%)\1 é\l(z) —0* ) 0% _ 51(2’)
C — | f2(2)d=.
Zl /ydj_ﬂ(ydjeyB)aT < C > O-S’ 09 ¢ o9 f (Z) z (41)

j=

As at — 0, h(a}) — h > 0 and as a} — oo, h(a}) — 0o. So as long as h is strictly increasing
there exists a unique solution. Differentiating gives

01(y,,—a;)—0* 61(y
. % (W>2 tIe <111J021) $? <1dl> fz( —aj)dz— )
¢ o3 (el(yd] > ¢? ( 91@;] al)) fz@dj —aj)dz .

Clearly there exists a C4 such that is positive for all C > Cy4. The proposition is established
by setting C = max{C1,C3,C3,C4}. m

Jj=1

29The first order condition for a; is obtained by setting equal to zero.
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A.2.3 Proof of Corollary [1]
Proof. Suppose the elements of P are {Y} } UYL and let

SRINLE )

02

ZE a(yr) [ e Y| PryeY]+ / a(y1) fy(y1)dys
y1eYP

:/OO a(yr) fy(y1)dy,

—0o0

which is independent of P. m

A.2.4 Proof of Corollary

Proof. First, let a(y1) be defined as in Corollary I Now suppose the elements of P are
{Yl} U Y{" and the elements of P’ are Yj'' U Y{!2 U {Yl} uYP. E[(a})? ‘ Pl >
IE)[ ‘ P] holds if

(B[a(y) |1 € Y ])*Pr [y € Y] + (Bla@) [ € ¥i2])" Pr (1 € v{2]
> (E[a(y) | m €Y ])Prpevi] =

Pl € BT | (mla | n evie)y e

(E[a(y) | y1 € Y ])

e[ e Vi) Prln v]
N Pr y Eyll _ Pr Y €Y12

which is satisfied by the discrete version of Jensen’s inequality.
Second suppose the elements of P are {Yl} U Y/” and the elements of P’ are Y U

{vi}; , UYL where Y} C V! and Y{” C V{7, ]E[ \ P']| > E[(a})? | P] holds if
(Blaw) |91 € Yi'])*Pr [ € V'] + B[ @y1)* | s € (P\P) | Pr [ € (1P\1P) ]
> (Ea(y) |y € YH]) Pr [y € v
Now,
(E[a() |y €Y' ])*Pr [y e V] + E[(Zi(yl))z ‘ n € (V\P\YP) } Pr [y € (Y”'\Y")]
> (E['d(yl) ’ Y1 € Y11/])2Pr [yl € Y11/] + (E[Zi(yl) ’ v € (Y1D/\Y1D) ])QPY [yl € (Y1D/\Y1D)]

by the probability version of Jensen’s inequality. Moreover, by the arguments above, the last
expression is strictly bigger than

(Bla(y) | v1 € Yll])QPr [y eV ].

To complete the proof, note that every refinement of P can be generated by a step-wise repe-
tition of the above two simple refinements. Thus, by applying the above arguments sequentially,
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one arrives at the conclusion. m

A.3 Section 5
A.3.1 Proof of Proposition

Proof. Let ©%*(P) be as defined in the text. The proof proceeds in two stages. First it
establishes the form that ©¢*(P®) takes. It then shows that there exists a P° that induces
0% (P9).

Let P and P’ be disclosure policies that satisfy ©¢* (P’) = ©¢* (P)U(t,t + €). By Corollary
moving from P to P’ increases expected second period effort costs, and the following gives
the amount by which it does so when ¢ is small. In the proof fy denotes the probability density
function of @1‘ ~ N (0,01).

Lemma 2

tim (B[ @3" | P'| - B[ ()" | P]) =
2 . . _ D

(20 (052) ()

Proof. One can express E[qﬁQ (@) ‘ P’] as
0 — 0
2 1

* — 0t
which can be further expanded as

Jo:co () & <9 9) (01) bt + J,+< 02 (”) 1o (67) di+
Jszgosep o (91) a5 = S 1o (67 ) a0 ]

Sz ooy (St ) o 8505~ 11 4 o 2L ) 1o (a0
]9* of*(p) 9( de*_ftt+5f9(9*)d9*

2
07 ¢ OF(P) ) fo (t) (43)

Pr[éfe@gl*(P)u(t,Hg)}E 0rc 0¥ (P)U(t,t+e) |+

Pr[éw(af*(za)u(t,tﬂ)}]]a Gt ¢ 0% (PYU (Lt + ¢)

0
91
o*
1

)
1)
The derivative of the term in brackets with respect to € is

6" — 6
6" — 0t

07 ¢ O (P)U(t,t +e)

2 )

¢? (Q_UH> fot+e)— fa(t+e) <E

0; ¢ ©F (P)U (1.t +¢)

+Pr [5; ¢ o (P)U(t,t+5)]2E
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— (%) fo(t +e)Pr [é} ¢ O (P)U(t,t—i—s)}—i—
E[¢<9*;fi*> ’5{ ¢ O (P)U(t,t+a)} Pr [5{ ¢ O (P)U(t,t+5)]f9 (t+¢)

(Pr {5{ ¢ O (P)u(t,t+g)D2

which reduces to

0 —t — 0 — 0
¢ (5) fo(t+e)+ (E ¢< 1)
09 02
0 —t — 0" — 0
() e ()
(o] ()]
Taking the limit as € — 0 gives the result. =
Now aj (P’) can be written as

2
0i ¢ OF (P)U (1,1 +¢) ) fo(t+e)

0r ¢ 0P (PYU(t,t+e) |fo(t+e).

WAy [6F—6; / (W)z)\l)\% O —0"\ L (0" =01\, ~ ~
E|l=— + — 07)doT+
vt (T[4 L (8) 23 (550 ) 0 (255
e CWNE NS (0 =07\ L [(0°—67\ . ~ o~
— 07)doy 44
[ (%) (5 ) e (552 ) wiana: (44)
Taking the derivative respect to ¢ and letting € — 0 gives
WA (200 o (072t (45)
C o3 (op) 02 o
So the change in first period welfare from adding beliefs (t,¢+¢) to ©¢* (P) for small ¢ is
approximately
WA MAS (t—60*\ o (0" —t
— —_— t)(1—Caj (P)). 4
O (ED) (oo @
Let .
L(t,P):A< — ) (47)
o2

where A = 22 (1 — Ca}(P)) and

= Coy
R(t,P) = E[¢ <9*‘j{> o 6?*(]3)]

o)

From and one can conclude that P° must satisfy

2

1] . (48)

L (5{,135) > R (A{,PS> vo; € o (PS)
and

L (5;‘,135) <R (AT,PS> v0; ¢ od (PS) |
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Now, P° must also satisfy Caj (PS ) < 1 since otherwise one could improve social welfare by
removing a small measure of positive feedback. Moreover a} (PY) < a} (PS ) since otherwise PV
would yield a higher surplus than P°. This implies that P° contains no negative feedback since
any disclosure policy P! that provides negative feedback and for which Ca} (PN ) < Caj (Pl)
can be replaced by a disclosure policy P? that contains no negative feedback and for which
aj (Pl) = aj (Pz). Since P? implements the same first period effort while reducing risk, it
provides higher surplus than P!.

Fix a disclosure policy P’ for which ©% (P') N (—oc,6*) = (). This implies that

6" — 0t
(=)

So, since ¢ (m> is strictly decreasing on t € (6*,00) from ¢(0) to 0, there exists a unique

¢<9*—t> . (b(e*—e{)
o9 02

Moreover, R(t,P’) > 0 for all t # t. Suppose Ca} (PS) = 1. Then L(t,P°) = 0 for all
t € 0% (P%) while there exists some t' for which R(#, P°) > 0. Thus replacing P° with a

disclosure policy P satisfying ©9* (ﬁ) = O (P9)\ [t',t' + €] improves social welfare for small

0<E

bi ¢ O (P') | < 9(0).

point ¢ such that

o; ¢ oF (P

enough ¢, contradicting the optimality of PS. So Caj (PS ) < 1. So further assume that the P’
considered above satisfies Ca} (P') < 1.

From the above arguments one can also conclude that R(t, P’) is strictly decreasing on
t e (9*,%}. Because L(t, P') is strictly increasing on t € (9*,%}, there exists a unique point
t(P') < t at which L(ty(P'), P') = R(t.(P'), P"). Clearly L(t, P') < R(t,P') ¥t € (0*,t.(P"))
and L(t, P') > R(t,P') Vt € (tL(P'),1).

Let d = E[qb <9*‘7T> ‘ o ¢ O (P’)].

o2

dV/2T exp (; <9*02 t>2> - 1] dv2m (t U;) exp <; (9*02 t>2> , (49)

_ . A2
which is strictly bigger than zero on ¢t € (t, oo) since dv/ 27 exp <% (u) ) > 1 on the same

e[ () e (3(5))]
d\/ﬂexp (; <0*02t>2> — 1] X
o () o () ) o

which is also strictly bigger than zero on t € (f, oo). Thus R is strictly convex and increasing on

OR
5—2

domain.

2

te (%V, oo) while L is linear on the same domain. Moreover, lim;_, s, %—If = oo while lim;_. %—% =
A < 0. So there exists a unique point tg(P") > t,(P’) at which L(tg(P’), P') = R(ty(P'), P)
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and at which

(51)

[8L (t, P’)] ) [81% (t, P’)}

Clearly L(t, P') > R(t,P') Vt € (t,tg(P')) and L(t, P') < R(t,P') Vt € (tg(P'),00). These
arguments establish that L(¢t, P') > R(t,P') Vt € (t(P’),tg(P’)) and L(t, P') < R(t,P’) Vt €
(0°,tL(P) U (¢4 (P"), 50).

Now one can show that ¢y is bounded above. By the implicit function theorem

oty oL &ty
_ 0A _ o2
oA ~ ok _ oL ~ or _ oL (52)
Oty oty oty ot
and
IR CORISICD
Ol _ ___od 2 (07 S (53)
9d ~ 9B _ 9L OR _ 9L )
oty oty Oty Oty

Now A is bounded above by & 2/\1 and as argued above d has some lower bound d. By the

arguments in the previous paragraph, the equation

oo (5r) = (7))
Cos o9 o9
has two solutions ¢ and ¢ where 6* < t < ¢t < oo. Finally, by and tr is never greater
than ¢.
Consider social surplus as a function of disclosure policies of the form @il* = (0r,0m) where
0* < 0, < 0y < t. The first section of the proof established the continuity of surplus in 6y,
and 0y, so since 6* < 0 < 0y < t is a compact set, one can use the Weierstrass Maximum
Theorem to establish the existence of a surplus maximizing disclosure policy P° for which
0% (P%) = (07,0)) and 0* < 0] < @ <t
Thus if one can find a disclosure policy P for which Y{”(P) = (y*,y**) and where y* and
y** satisfy the following, P is optimal:

N N 07 —(1—X1)0
v —ai(P) \ _ [ (54)
y** _ G‘T (P) 0%—()\1—)\1)9 ’
1

Satisfying is equivalent to finding a disclosure policy P with Y/” (P) = [y*, y 4 %
where y* Satisﬁeﬂ
N, e ¢ PN
v i <y>=L(A). (55)
1
% 0, (l A1)0
Now when y* = -.———— the LHS of (55)) is smaller than the RHS since a} (y*) > 0 and when
« _ 0 —(1-2)0

Yyt ="+ 2]E[a2] the LHS is bigger than the RHS since aj (y*) < 2E[a3]. Since the
LHS of 1' is continuous is y* there exists some y* € [92_(}\:/\1)9, or= (/1\1 M) + 2E[a2]] for

which (55]) holds and an optimal disclosure policy with the stated form exists. m

30Here the paper makes an abuse of notation by making the dependence of aj on y* rather than the
disclosure policy P.
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A.4 Section 6
A.4.1 Proof of Proposition
Proof.

Elws | y1,a1,az2]
= E[F—l—aQE ‘ §2E > O,yl,al,ag] Pr [55 >0 ’ yl,al,ag] 4+ 0Pr [§2E <0 ‘ yl,al,ag}
& (—é\l(yl) - )\2((11 —Cfi< + ag —a§>

02

=F|1-

+ / 05 1; (97 ad (56)
0

Where f5 represents the probability density function for é\f | y1,a1,a9 derived in Lemma
The last term of can be transformed as

/ - ooy (720 £ B (00) + doler — af + 0z — a3)) (0)dv. (57)

_ 61(y1)+A2(ag—aj+ag—aj)
o2

So, by Leibnitz’s Rule,

OE[w3 | y1,a1,a2]
OJas

:F&d) (91(111) + Aa(ar —aj + az — aj)
ag

02

+ / 91(y1)+)‘2(”'1 a +a2 a ) A2¢(U)dv

92

:F()T\zQS (51(@1)4—)\2(@1—@’{-#612 > Y (91 y1) + Ae(ar —af +ag — )) (58)
W
2

02 02

So the first order condition characterizing as’ is

02

FA2¢<91(y1)+)\2(a1 ai+az— a2)>+
E
Ao ® <91(y1)+>\2(a1a’{+a2a§)>

y1 € P(y1) | = Cal. (59)

02

From here one can proceed using equivalent arguments from Proposition ]

A.4.2 Proof of Proposition

Proof. From arguments identical to those in Lemma [2| the change in second period surplus
from adding disclosed beliefs (¢,t +¢) to OP*(P) is MC(t, P) =
2
) fo(t)
(60

() dee) o (2) e )
(2;\22 [¢ (;2> (ti; - 1)] [giqu (tfz) ACQ@ (Ug)b (1 — Cat[P]) folt). (61)

while the change in first period surplus is M B(t, P) =
By the same reasoning as on page 34, one can restrict attention to a disclosure policy
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P for which Cal(P) < 1 and for which ©¢*(P) C (TS oo) Now suppose that P satisfies
0% (P) = (U—Fg,oo). By observation, MC (U—Fg,P) > MB (Uz P) = 0, establishing the first

part of the claim.
Before continuing, the following lemma is helpful.

Lemma 3 There exists a 0 such that E[A(é\f) ‘ é\i‘ ¢ @%*(P)} > % for all 6 > 6 whenever
0% (P) ¢ (%oo)

Proof. Let A(t) be defined as in the text.

' F _ Nt L F
A = CU§¢< ) CU2¢<02>_CU2¢<02> (1 t03>'

2
So A'(t) = 0 for t < %. Moreover lim;—, o A(t) = 0 and limy_.c A(t) = ?2 This implies that
there exists some ¢’ for which A(t) = %2 fort =t
Now observe that

[ (0%) ‘ st Pr[9*<t' 2
-\ E[4@) \9* 5] (B el ”ﬂ i<
]E[A(QT) or € @2 oo) \@C{*(p)] Pr [9;‘ € @% oo> \@%*(p)].
SinceIE[ 5* ’5* [t’ U—%HandE[ 5* ’9* (TS >\6d* )}andbothstrictlygreater
(P)

than ’\CQ, a sufficient condition for ]E[A 07) ‘ 01 ¢ 0% (P

to be sufficiently close to one. This limits to 1 as § — oo since

) H ¢ H 0_2 2 2
. o . o . 2 — [ O
%Hlm“%((p) ~r-a(F-r)) -0
@ F (ZS F

o2

So there exists a @ such that for all § > 6, E[A(é\’{) ’ 0; ¢ @‘f*(P)] >2 =
Now suppose that 6 > . This implies that ]E[A(af)] lies strictly between the maximum
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and minimum of A(t) so that there exists a t € <%§,oo> for which MC(t,PN) = 0 and

MB(t, PN) > 0. So a disclosure policy P’ for which ©% (P') = (?, t+ £) yields higher surplus
than PY for small enough epsilon.
2
Now consider a disclosure policy P for which (1) ©¢*(P) C (%,oo) and (2) ©%(P) is

unbounded above. Whenever 6 > 5/ one obtains

. MC(t,P) _C () SN | A e ?
tlif?o]c@(t)w(c‘E{A(el)\@ﬁé@l (P)]) >0
while lim;_, s % = 0. So there exists a finite point ¢tz (P) for which

MC(tg(P), P) > MB(ty(P), P) ¥t > ti(P).

One can show that ty is bounded above. First note that because there exists a t at which

MC(,P) = 0 < MB(,P), ty >  and MG o OMBURE) o continuity. Let B =

1—Cai(P)and D = E[A <§i‘) ’ 51* ¢ of(P) ] By the implicit function theorem

o _ 030 () (trsz —1) Alt)

98 —  9MCGmP)  oMBagp) -0 (62)
Otgy Oty
and ot C (A(tn) - D)
H H) —
9D ~ OMC(ty,P) _ OMB(ty,P) <0. (63)
Dtn Dt rt

Note that B has an upper bound of 1 and D has a lower bound of /\—02 + 0 for some § > 0. By
limit arguments similar to those above there exists a finite number ¢ for which

C Ao 2N [t F
5 (A(t) -5 5) > o ) <02> <t0§ - 1) A(t)

for all t > . By (62) and (63) tu < *.

To complete the proof note that replacing P with a disclosure policy P’ that satisfies
O (P') = ©¢*(P)\ [t,00) strictly increases surplus. =
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