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Abstract

We develop a career concerns model in which agents differ in taste for income in addition to
ability, and derive basic implications of this framework. We argue that the model captures im-
portant aspects of ambition. Since ambitious agents are expected to work harder—and therefore
be paid more-than unambitious ones, everyone might be induced to work hard to prove that
they are ambitious. On the other hand, proving one’s ambition can be detrimental, because
past outputs will be taken by the principal to reflect lower ability. Thus, “ambition-proving
incentives” are likely to increase effort early in the career and decrease it later. Over a long
horizon, ambition-proving incentives have a tendency to bootstrap themselves, and, if this effect
is strong enough, to create significant incentives with little else motivating the agent. Finally,
we discuss in detail two consequences of our framework for organizational design. To maximize
effort, the principal wants to cater incentives to the best-performing employees, and wants to

observe a measure of the agent’s effort (say, his hours) early, but not late, in the career.
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1 Introduction

In most existing career concerns models and many models of signaling and screening, the domain
of uncertainty that drives the analysis is an agent’s inherent “ability” or “talent.” Since talented
agents are more productive, perceived talent is rewarded in the market, and agents have an incentive
to convince the principal of their inherent abilities.

While discussions of talent certainly feature prominently in evaluations at real life organizations,
they are usually accompanied by assessments about an equally important attribute: ambition, or
an agent’s commitment to his career (Kanter 1977, Landers, Rebitzer, and Taylor 1996).! In
particular, not only is the principal interested in whether an employee is talented, she also wants
to know whether he is ambitious. As evidenced by statements like “he is talented, but not very
ambitious,” or vice versa, observations about these two qualities often go hand in hand. Similarly,
both qualities ultimately affect an agent’s productivity. Hence it is somewhat odd that economic
theory has focused so exclusively on ability.

In this paper we attempt to shed light on the behavior of agents and the structure of orga-
nizations when employers make inferences about the ambition of their employees, and show how
these inferences are connected to observations about ability. We believe that a number of possi-
ble formalizations of ambition can lead to similar effects, but in our model we focus on just one
interpretation: ambition is identified with the marginal utility of income of the agent. In other
words, more ambitious people derive more happiness than their less ambitious counterparts from
any given level of success. Formally, we assume that—besides differing in their ability—agents also
differ in their marginal utility of income m, a measure which they know but the principal does not.
We examine incentives in an otherwise standard career concerns framework: an agent’s output
depends on his ability, the unobservable level of effort and noise. The principal pays a competitive
but fixed wage to the agent, which is equal to the output she expects him to deliver. Thus, if the
principal perceives the agent to be either more talented or more hard-working, she will offer him a
higher wage.

Since more talented agents produce more on average, higher output is taken as a sign of ability

! Throughout this paper, the principal is assumed to be female and the agent is assumed to be male.



by the principal. As is well known since Fama (1980) and Holmstrom (1999), this creates an
incentive for the agent to increase his level of effort in an attempt to “convince” the principal that
he is talented. But unlike in Holmstrom’s model and its subsequent extensions, agents respond
differently to these career concerns incentives due to different levels of ambition. Therefore, the
agent’s output is a signal of both his ability and his marginal utility of income. Just as he wants
to manipulate the signal the principal receives about his ability, the agent wants to manipulate the
principal’s impressions about his ambition, a consideration we label the ambition-proving incentive.

Ambition-proving incentives are composed of two basic forces. First, since more ambitious
agents are expected to work harder, a high output can be used to signal one’s ambition, which
in turn translates into expectations about harder work in the future. This forward attribution
increases effort. Second, if the principal becomes convinced that the agent is ambitious, given
the levels of past output she must downgrade her opinion of the agent’s talent—since he must have
worked hard in the past, his output tends to reflect more toil than talent. This backward attribution
decreases the agent’s effort. The relative strength of these effects plays a major role in determining
the agent’s effort choices in different periods of his career and in different environments.

To capture the range of results that are implied by ambition-proving incentives, we gradually
increase the scope and duration of the informational asymmetry between the principal and the
agent. For a major part of our paper, we focus on variants of a three-period model. Also, in
many of our models, m denotes the agent’s marginal utility of income in the last period. First,
in a benchmark model, the principal learns m before setting the wage in period 3. Therefore,
ambition-proving incentives enter only in the agent’s attempt to influence the wage in period 2.
We show that more ambitious agents work harder in both periods 1 and 2, and that in this case
ambition-proving incentives unambiguously increase effort relative to a standard career concerns
model. Next, if m remains unknown to the principal in period 3, effort in period 2 decreases—since
all types of agents exert zero effort in period 3, only the backward attribution operates at that
point.

In general, the backward attribution becomes relatively more important as the agent’s career

progresses. Therefore, under reasonable conditions, heterogeneity in ambition increases incentives



early in the career but decreases them later. As we demonstrate in an extension of the three-
period model, this also implies that the agent is likely to work hardest on average right after he
has figured out how ambitious he is. In other words, ambition-proving incentives have the (some
say unfortunate) implication that people have to work hardest in their careers exactly when they
are also learning about crucial aspects of their personal lives. Finally, we analyze the case when
ambition differs across agents throughout their career and show that these conclusions can be
reversed, but only if the career is very short.

Next, we consider an infinite-horizon model and assume that heterogeneity in ambition extends
to all periods, with evolving marginal utility of income and ability for each individual. In this
case, ambition-proving incentives have a self-reinforcing feature. Given any amount of persistent
heterogeneity in ability (or essentially any monetary incentive), ambitious agents respond more
strongly to it than unambitious ones. But, in addition to the standard career concerns incentives,
this now provides ambition-proving incentives as well, to which ambitious agents also respond
more strongly, creating further ambition-proving incentives. Thus, the ambition-proving incentive
bootstraps itself and becomes stronger and stronger. If this effect is strong enough—for which we
provide a necessary and sufficient condition—even a trivial amount of heterogeneity in ability leads
to non-trivial levels of effort in steady state.

We devote considerable attention to our model’s implications for organizational design. For a
sufficiently long career, a straightforward consequence of our basic model is that the principal wants
to increase the degree to which ambitious agents differ from unambitious ones. If ambitious agents
work much harder in equilibrium, all agents will want to prove that they are ambitious, improving
everyone’s incentives. Somewhat more subtlely, the employer wants to create the right conditions
for signaling one’s ambition. One way to do so is to observe a measure of the agent’s effort but
not of his talent, for example, through observing how many hours he stays in his office. In stark
contrast to standard career concerns models—where observation of hours is either useless or makes
it harder to prove ability—observing the agent’s hours early in the career unambiguously increases
incentives. The intuition is that the agent’s increased opportunity to “single out” and prove his

ambition outweighs the loss in opportunity to prove his talent. When the principal downgrades



her view of the agent’s talent, she also concludes that he must have been less lucky, dampening
the backward attribution. She does not, however, make inferences about future luck, so the agent
benefits fully from the forward attribution. In contrast, the firm does not want to observe the
agent’s hours late in the career; in fact, we provide a reason for the firm to forget early observation
of hours, because this dampens the backward attribution operating at the end of the career.

From a theoretical point of view, our model takes the logical next step implied but not taken
by most career concerns models. In career concerns models, agents take actions to boost their
perceived productivity. Instead, agents in our model signal their responsiveness to career concerns,
in essence trying to show that they consider their careers very important. These “concerns about
career concerns” are potentially important in any career concerns application. To our knowledge,
they surface only in Levin (2001), although he does not explicitly frame his model in these terms.?

Our work is also related to Aron (1987) and Landers, Rebitzer, and Taylor (1996). Like our
model, both of these papers feature heterogeneity in employee preferences (though not in ability).
But in contrast to our focus on signaling, they focus on screening. For example, partners might
make long hours a prerequisite for promotion of associates, to select those who will work hard
as partners (Landers, Rebitzer, and Taylor 1996). We believe that both signaling and screening
are important for the organizational design problem. In many cases, including consulting and
investment banking, our signaling model seems to fit reality better, and it seems relevant even for
law firms. If law firms can require long hours for screening purposes, why could they not similarly
require long hours from partners? Rather, hours might constitute a variable on which firms do not
explicitly want to condition incentives, but use them consciously as part of an implicit incentive
structure. Indeed, as Landers, Rebitzer, and Taylor (1996) document, hours requirements are
usually not explicit in law firms, and even when they are, the expectation is for associates to work
much more.

The paper is organized as follows. In section 2, we set up our basic three-period model and derive
some of its implications. Section 3 considers an infinite-horizon model and shows our bootstrapping

result. Section 4 tackles the organizational design questions. Section 5 discusses extensions of our

2 In Levin’s model, collective reputation is essentially the strength of career concerns that operate within a group.
By joining a given group, agents signal the importance which they will attach to their careers.



model to the case of evolving ambition and other organizational design issues, and identifies a force

inherent to our model to generate multiple equilibria. Section 6 concludes.

2 A Basic Model of Ambition-Proving Incentives

This section introduces our first model of ambition-proving incentives, the notion that agents might
not only want to prove that they are talented, but also that they are hard-working. In addition to
heterogeneity in talent, as in standard career concerns models, agents also differ in their levels of

commitment to work.

2.1 Setup

There are three periods, labeled 1, 2, and 3. A risk-neutral principal employs an agent, who
produces output ¢; in period ¢. The output ¢; is composed of three additive terms in each period:

the agent’s time-invariant ability a, his effort level e; and a noise term ¢; distributed normally with

2

mean zero and variance o7. The principal’s and the agent’s priors over the ability parameter a

2

are also normal, with mean zero and variance o;. The agent’s utility cost of exerting effort e is

c(e) = 1ke?, which is additively separable from the utility from consumption.

3

In the basic model, risk neutral agents are assumed to differ in their marginal utility of income

in period 3, denoted by m. This variable is distributed normally in the population with mean

2
m*

tm >> 0 and variance o;,. The agent’s utility from consumption is u(w¢) = wy; for t = 1,2 and
u(ws) = mws. The agent knows his taste for income, and the principal does not. Importantly, while
in many career concerns models talent can be assumed to be symmetric information, heterogeneity
in ambition only makes a difference when it is private information. a, m, and the noise terms in
the output are all independent.

The assumption that m only represents marginal utility in period 3-instead of all periods—is

a simplification that makes our model more transparent. It might also be empirically relevant

3 It seems to us that the basic logic in our models would still apply with a more general cost function, however,
we do not want the agents’ incentives to depend on the convexity or the smoothness of a more general cost function.
Moreover, a very kinked cost function may lead to non-existence of equilibria.



if agents mostly differ in their valuation of some late-career reward, like becoming a CEO. The
implications of changing this assumption are taken up in section 2.4.

As in other career concerns models, we assume that the principal is either prevented from
using an explicit incentive contract, or does not wish to do so; she is restricted to using fixed-wage
contracts.® The labor market is perfectly competitive; therefore, in each period, the principal offers
the agent a wage w; equal to his expected product conditional on his past performances. There
is no discounting or saving. Denote the history of past output at time ¢ as h*~!; then, the agent

maximizes: 5
> Elu(wi(h' 1) = cler(h' )] (1)
t=1

In many of our models, we will be interested in the changes in incentives as we vary the
importance the agent attaches to different periods of his career. For example, period 2 (mid-
career) may be the crucial part of the agent’s working life. To capture this, we can assign a weight
w > 1, which is common knowledge, to the wage of the important period. Since this would be an
obvious extension and adds notation, we analyze the model without the extra weights.

The agent’s level of ambition is assumed to be drawn from a normal distribution mostly for
technical reasons. With the principal updating about multiple attributes of the agent, a normality
assumption on the distribution of ambition makes this model more tractable. A normal distribution
does have the unattractive property that it assigns a positive probability to negative marginal utility.
This is not a crucial part of our model. A lower bound of zero would make it significantly more
complicated to analyze the model, but would not change the logic of its mechanism.?> One natural
alternative model is to assume that people have discrete levels of ambitions. Such an assumption,
however, does not make updating less cumbersome: it can lead to highly nonlinear incentives

because different types of agents’ effort may concentrate around different peaks.

4 Standard reasons for not using explicit incentive contracts are the unverifiability of output, multitasking (the
concern that the agent neglects some tasks if he is rewarded for others), and sabotage of other workers’ output (if
workers are competing for a pool of bonus money). See Holmstrém and Milgrom (1991) and Lazear (1989).

® For m near zero, the truncation will make updating considerably more complex and will change the equilibrium.
In particular—due to the truncation—agents with a small marginal utility of income are less likely to be confused with
others of different ambition, so their behavior is less affected by signaling about m. As m increases, the problem will
resemble one without truncation more closely. Since pyn, >> 0, the probability of having negative marginal utility is
quite small. Thus our results should hold approximately for most values of m.



We look for the rational expectations equilibria of this signaling game. The equilibrium is defined
by each type of agent choosing his effort level optimally given the principal’s anticipated inferences,
and the principal updating about the agent’s type in a Bayesian way, given the expectations about
the agent’s behavior. We focus our attention on (pure-strategy) linear equilibria, in which the effort
level is a linear function of m in each period: e; = ¢, + aym.% Linear equilibria seem like the most
natural candidates to consider, because payoffs increase linearly with m and the cost function is
quadratic.”,8

Although we are ultimately interested in effort levels, many of our results will be phrased in
terms of the a;’s. Due to the straightforward relationship between «; and e;, a; reveals much or

all about the average effort level. In the current model, e; = %%% + a1m and es = agm. In the

model where m differs throughout the agent’s life (sections 2.4 and 3), e; = aym.”

2.2 What Does This Capture About Ambition?

We interpret ambition as a general term for the “importance” people attach to their careers. This
could have numerous possible facets, many of which are compatible with our models and lead to
similar results. We take a unified approach throughout the paper and assume that ambition is
captured by the marginal utility agents attach to their future wages. Alternatively, more ambitious
agents may enjoy work more than their less ambitious counterparts, which can be captured in

their disutility of effort. There are at least two places where heterogeneity in disutility of effort

6 Since m (and potentially o) can be negative, effort levels can be negative. We think of it as destroying output.
However, just as allowing m to be negative is not important for the intuition of most of our results, allowing e; to be
negative is not crucial, either.

" In our model, however, the agent’s behavior endogenously changes the noise with which the variables a and m
are observed. More precisely, how much agents respond to their level of ambition determines the accuracy with which
ambition and talent can be inferred. But the responsiveness itself depends on the inference. Thus, we cannot rule
out the possibility that some non-linear strategy changes the noise structure in a way that ends up justifying itself.
We find this less interesting and do not consider it in this paper.

& Besides the linearity in m, this restriction also ensures that the agent’s strategy does not depend on how smart
he thinks he is. Even if a is symmetric information at the beginning, it becomes asymmetric information once the
parties observe qi: since the agent knows e;, he has a better signal about ability. Allowing strategies to depend on
beliefs about a would complicate the model considerably.

? Whether the equilibrium effort level contains a non-zero constant e, depends on whether marginal utility is
symmetric information in any of the periods. The constant captures the agent’s response to incentives coming from
future period(s) in which marginal utility is known.



might creep in: in the constant & and in the cost-minimizing level of effort.!? In the current paper,
heterogeneity in m and heterogeneity in £ would lead to similar results and we do not explicitly
consider this possibility.!! If the heterogeneity is in the cost-minimizing level of effort, the effort level
of different agents just differs by a constant no matter what incentives they are facing. Since this
is a time-invariant shift in productivity, from a technical point of view it is identical to an increase
in the variance of a. In the language of our model, it would imply that the forward attribution
always outweighs the backward attribution. A third possibility is that ambitious people plan to
stay in their current careers for a long time, whereas unambitious ones intend to switch jobs or
quit the labor market altogether. This assumption would generate a slightly different model from
ours, because the mere fact that the agent shows up for work provides information about his type.
We briefly discuss what difference this would make in section 2.3.

Of course, ambition also has aspects whose analysis requires a completely different model from
ours. For example, people might have an intrinsic valuation for being considered competent, com-
pletely independently of the compensation this implies; furthermore, this intrinsic valuation need

not conform to what the principal finds valuable.

2.3 Ambition-Proving Incentives Over the Career

As a benchmark, we consider the case when m becomes known to the principal before wages are

set in period 3. This is the simplest possible model that still generates novel effects. Also, it

corresponds more closely to the interpretation of ambition as the agent’s privately known length of
12

career.

To start with, e = 0 for all types of agents, as they have no further use of reputation. Since

' That is, the agent’s utility function might be c(e) = Tk(e — €°)?, with heterogeneity in e°.

1 To be more precise, a model in which the heterogeneity is in k is isomorphic to one in which the heterogeneity
is in m, and where this heterogeneity extends to all periods. Instead of writing the agent’s utility function as
S0 wi — 2ke(er), we can write it as 30| 2w; — 2c(et), transforming the model into one with heterogeneity in m.

12 To see this, imagine that there are only two types of agents, where the more ambitious type Y works all three
periods and the less ambitious type N retires after the second period. Therefore, if an agent shows up for work at
t = 3, the principal knows his ambition for sure, that is, she knows that he is type Y. Thus the agent’s ambition m
is fully revealed the day he might stop showing up for work. Of course, the revelation of this information is likely to
be more gradual, at least when the length of career can take on a continuum of values. But considering this extreme
case does highlight the difference between the two models of ambition. The intuition of our results still applies if m

is revealed more gradually (though faster than observing it from output alone).



m is observed in period 3, the principal can deduce the effort levels eq, eo that are expected of the
agent in equilibrium. Therefore, just as in a standard career concerns model, she can extract two
signals a + €1 and a + €5 from observing the outputs in the first two periods. Thus, we have

J2

w3 = Elalq1, ¢ = 2(@1 —alm—§1)+m(%—a2m—§2)- (2)

%
202 4 o2
From the agent’s point of view, ¢; is distributed normally with mean u, + e;, where p, is the mean
of his beliefs about ability (given past output). Thus, an increase in e; just shifts the distribution of
¢ to the right, increasing expected wages in period 3. Since agents with a higher level of ambition
care more about this wage, we must have oy, as > 0. Consequently, the wage paid to the agent in
the second period is an increasing function of the principal’s mean beliefs about ambition m—given
the level of ability, an agent who has to worry about the future works harder and thus produces
more.

Although an easy extension of Holmstrom’s (1999) career concerns model, this result already
has some important implications. For example, if women are more likely to abandon their careers
later in life, then—holding constant their qualifications—they will be paid less by their employers
than men. (This is also true holding constant g;, but to show that requires our analysis below.)
This wage discrimination depends on the employee’s attachment to the labor market, not the firm
itself as in many previous models.!® Even if all workers leave the firm with probability one after
one period, agents’ career concerns connect their incentives in the current period with their future
plans.

Now we study the principal’s updating problem after period 1. Upon observing ¢; = a 4+ ¢; +
aym + €1, the principal will offer the agent the wage wy = E[a + agm|q1]. This can be rewritten as

2

E[Ela|m, q1] + aam|q1] = E (1 — aam — e1) + aom

a

o2+ 02 Ch] (3)

13 Existing explanations of discriminatory wage practices rely on some sort of turnover costs, which are argued to
be higher for women since they are more likely to leave their firm. For starters, turnover can lead to direct hiring
or other costs. It can also have an indirect effect on a firm’s labor costs, because the firm loses its investment into
the employee’s human capital (Kuhn 1993), the firm has to resort to costly monitoring (Goldin 1986), or a higher
efficiency wage is necessary to ensure that workers are not shirking (Bulow and Summers 1986). In our model, women
would be expected to receive a different wage from men even when they are not more likely to leave the firm, when
hiring costs are zero, or when there is no expropriable investment in human capital on the part of the firm.




where the outermost expectation is with respect to m. Therefore,

52 o2 2
wy = —2— +{ay— —=—%—a1 | Elm -2 _¢.. 4
2 o2+ o2 n 2 o2+ 02 ! [mlai] o2+ 052_1 (4)
——— ~

career CONcerns  ampition-proving incentives

The last term in expression 4 is a constant outside the agent’s control, so his incentives are only
affected by the first two terms. Notice that the first of these terms depends only on ¢;, and is equal
to the term we would have in a standard career concerns model. The second term, which we have
labeled the ambition-proving incentives, depends on the principal’s inferences about m. Thus, this
term reflects the agent’s incentives to change the principal’s beliefs about his ambition, holding
output constant. Incidentally, the sign of ambition-proving incentives also tells us whether hetero-
geneity in ambition increases or decreases incentives relative to a standard career concerns model.
Of the two multiplicative parts that enter ambition-proving incentives, first consider E[m|q;]. As
we have noted above, more ambitious agents work harder, giving a; > 0. Therefore, when output
is higher, the principal will attribute a higher degree of ambition to the agent. By increasing effort,
the agent is thus more likely to “convince” the principal that he is ambitious. As a result, the fact
that more ambitious agents work harder in light of period 3 allows all types to work hard and boost
their wage in period 2, about which they care equally.

Next, consider ag — #ﬁ@al' There are two effects. On the one hand, if the principal thinks the
agent cares more about period 3, she expects him to exert a higher effort in period 2. This forward
attribution, the ao part in the agent’s ambition-proving incentives, increases the agent’s wages in
period 2. On the other hand, there is a completely different, opposing effect. If the principal
believes that the agent is likely to be an ambitious type, she also thinks that the agent must have
worked hard in the first period. Thus, given the level of output, the principal downgrades her

beliefs about the agent’s ability. This backward attribution decreases the agent’s wages in period

2.1 Which of the above two effects is stronger is determined by the sign of as — 2402—2041.
Y oat+0¢

14 At this point, the distinction between the forward and backward attributions might seem somewhat artificial. In
the current model, it might be interpreted as a fancy way of stating the simple fact that the agent cannot fully signal
his ambition, because the need to signal his ability interferes in the process. However, the two effects will prove very
useful for developing intuition for our results, as they are affected differently by different environments.

10



From a type m agent’s first-order conditions, and using expression 2,

o2
kes = m—2—, and
2 202+ 02
0 o?
k = —Fw e m a 5
e1 Ber [wa(q1)ler] + 2074 o7 (5)
From these equations, it is easy to see that
N 1 o2
i i ©
a €

Since a1 = g in equilibrium, the penalty due to the backward attribution is only a fraction
of the marginal benefit from the forward attribution. Intuitively, when the principal updates her
beliefs about the agent’s past level of effort, she also updates her beliefs about the agent’s luck
(e1)—since the agent’s output now looks smaller, the principal will think that he was less lucky.
This dampens the punishment due to the backward attribution. Since there is no updating about
future luck, the reward for the forward attribution is not dampened. Therefore, ambition-improving

incentives increase effort in the first period. Precisely, the responsiveness of wsy to ¢; is

ow, o2+ o202, (7
O 02+ a*?02, + 02’

which follows immediately from updating normals.

Note two immediate properties of ambition-proving incentives. Clearly, o* — 0 as g — oc.
As in the case when there is no heterogeneity in ambition, if output is very noisily observed, no
non-trivial level of effort can be sustained. Since able and less able agents become indistinguish-
able, there is no reason to exert effort to prove one’s talent. Then, ambition-proving incentives
are also eliminated. Similarly, if there is little heterogeneity in ability, ambition-proving incentives
are close to zero, even if there is substantial heterogeneity in ambition and output is accurately
observed. This highlights an important general property of ambition-proving incentives: they rely
on other incentives on which they can “piggy-back.” Unlike in standard career-concerns models,
however, ambition-proving incentives are also eliminated when observation of output is very accu-
rate. As expression 4 demonstrates, the backward and forward attributions offset each other, and

the ambition-proving incentive is close to zero. This is true even though an increase in production

11



signals a higher ambition to the principal. But in as much as the principal attributes an increase
in output to ambition, she also discounts past production, a discount that is attributed entirely
to the agent’s ability due to the lack of noise. Thus a belief of higher ambition will not lead the
principal to attribute a higher productivity to the agent.

When the principal does not find out the agent’s ambition in period 3, the analysis is more
complicated because she has to infer the agents’ level of ambition from past outputs. The following

theorem describes the agent’s effort choices in equilibrium:

Theorem 1 Suppose the principal never learns m. Then, in the unique linear equilibrium, aq =

s = a™ >0, and o™ satisfies

J2

ko™ = a . 8
o2 1 2(02 + a=o2) ®)

Furthermore, the right-hand side of this equation is the derivative of the agent’s period 3 wage with

respect to q1 and qo.

Proof: See the Appendix. O

To determine how the principal updates about the agent’s ability and level of ambition, the proof
of Theorem 1 takes advantage of the updating rule for multivariate normals. The random variables
a, a4+ aym+ €1, and a + aom + €9 are multivariate normal, with a variance-covariance matrix that
is easy to write down given our assumptions. Although the problem is symmetric, it now requires
some work to prove that a; = «ao. If it were the case that, say, an increase in a; increased the
marginal period 3 payoff to increasing output in period 1, we might get an asymmetric equilibrium.
However, exactly the opposite is the case. When «; increases, the principal will attribute more of
an increase in ¢ to the agent’s ambition rather than ability, decreasing the responsiveness of ws to
output in period 1.

As we can see from equation 8, the heterogeneity in ambition decreases the marginal period 3
benefit of increasing output in the first two periods. The basic intuition is simple. When agents
differ in their ambition (and that makes them exert different levels of effort), the principal cannot
be sure whether a high output is due to ambition or inherent ability. Since ambition does not

matter in period 3, heterogeneity in m thus acts as noise that diminishes incentives by making it

12



harder to try to “prove” one’s ability. This is the backward attribution we identified above: if the
principal becomes convinced that the agent is ambitious, she also becomes convinced that he works
hard, making her more pessimistic about ability.

But backward attribution is more serious than mere noise in the observation of output, because
inferences about ambition made from output in a given period affect the interpretation of other
outputs as well.'® Imagine an employee, well into his career, who has some way of convincing
his employer that he is ambitious. If he does so, his employer will conclude that he must have
worked hard all these years. Given his performance, the principal thus downgrades her opinion of
his talent. And since the agent’s efforts cannot change past output at this point, he is discouraged
from working hard.'® This general intuition implies that heterogeneity in ambition undermines
incentives late in the career.

There is an opposite force acting at the beginning of the career, however. Given «o**, the
determination of the agent’s period 2 wage is similar to our benchmark case. In particular,

2 *x2 2
Owa o+ o,

= (9)

2 *k2 -2 2°
0q1 024 a**°0Z + o’

Though the principal cannot perfectly infer whether an increase in output is due to the agent’s high
level of effort or inherent ability, this does not weaken incentives in this case, because the principal
simply does not care. If the agent worked hard in period 1, she will also work hard in period 2.
Thus, while in period 3 heterogeneity in ambition acts as noise that decreases incentives, in period
2 it becomes variation in productivity that increases it.

It is easy to prove that both of these effects—the increase in %% and the decrease in aa—’c‘;f and

Q

8752 —are stronger when o2, is higher. From equation 8, an increase in o2, leads to a decrease in
o** and therefore an increase in o202, And 2¥2 is increasing in a**?02,, while 2% and 2@
m Oq1 m o 0q2

decrease in it. More generally, under the reasonable assumption that the agent’s career is not

too short (period 2 is important enough), our model indicates that ambition-proving incentives

5 That is why coefficient on the term a**¢2, in expression 8 is 2 instead of 1.

16 The effect going the other way, that inferences about m from earlier output affect the interpretation of later
outputs, is similar to the ratchet effect. If the agent increases output in period 1, the principal concludes that he must
be more ambitious, thus expecting him to work harder in period 2. If the agent does not deliver, beliefs about his
ability decrease. We call both of these effects the backward attribution, because ultimately both derive from period
3 wage setting.
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increase effort early in the career, and decrease it later. At the beginning, the forward attribution
dominates, and as sunk past performances accumulate, forward attribution becomes less and less
important relative to backward attribution.'”

It is worth comparing this model with the previous one, in which m is revealed before the wage
is set in period 3. Clearly, a® > o**, which also means that period 2 incentives are stronger when
m is eventually observed. Observing m eliminates the backward attribution that would otherwise
operate in period 3. Instead of using output to infer the agent’s ambition, the principal instead
just observes it directly. Therefore, an increase in output just increases the principal’s perceived
ability of the agent, without being accompanied by a more “cynical” view of past performances.'®
Two more comparative statics results are noteworthy. First, just as in a standard career concerns

model, the level of effort decreases over time. From exerting effort in period 1, the agent derives

P 2 *%2 2
an extra benefit of 242 = %t "Im__ in expectation. Therefore, the decrease in effort over time
oqn o2+a**202, 40?2

2

= increases. Empirically, it might be quite

is more pronounced as the heterogeneity in ambition o
difficult to disentangle this effect from the decrease in effort over time that is predicted by many
career concerns models. However, our model does make the qualitative point that differences in
the level of ambition can make the effect much more serious.

Second, note that o** (and a*) decreases with k. Not surprisingly, when agents are responsive
to incentives (k is small), the difference in behavior between the ambitious and the unambitious is
greater. A similar result holds when the agent’s productivity is higher. This implies that more of

the heterogeneity in observed output is attributed to ambition rather than ability. Consequently,

for populations of agents who are sensitive to incentives, a large part of their motivation derives

17 Besides the relative importance of periods 2 and 3, the effect of ambition heterogeneity on period 1 effort also
depends on the noise (o). If the noise in the observation of output is very small (o2 is close to zero), heterogeneity in
ambition decreases first-period incentives, while if the noise is large, it increases them. When observation of output
is very accurate, ws is already as responsive to g1 as it could possibly be, so heterogeneity in ambition will not help
very much. On the other hand, it will decrease the still significant responsiveness of ws to qi. When observation is
quite noisy, ambition helps by adding another dimension of heterogeneity that induces agents to prove themselves.
It seems that in most applications, output is not very accurately observed, so this qualification is unlikely to reverse
the conclusion that ambition heterogeneity increases effort early in the career.

8 As backward attribution in period 3 is diminished, there is a kind of “multiplier effect” that further increases
incentives in period 1. Since ambitious agents now work harder relative to unambitious agents, it becomes desirable for
everybody to prove that they are ambitious. This kind of multiplier effect is an important property of ambition-proving
incentives, and is discussed in section 3.
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from trying to prove their ambition, and the part coming from signaling about ability is negligible.
This might explain why ambition-proving seems to be more important in industries or occupations
where effort levels tend to be high in general due to high stakes or responsiveness to incentives.
Also, our model predicts that the decrease in effort over time is steeper in these industries.

But our result on decreasing effort over the career requires at least one qualification. In the
above model, we have assumed that the agent knows his ambition from the beginning of his ca-
reer. In reality, people’s ambitions may become known later, perhaps due to changes in needs or
circumstances. For example, the agent might get married and find that his wife has a particu-
larly expensive taste in sports cars, increasing his marginal utility of income. To account for this
possibility, in section 5, we study an extension in which the agent learns m only in the second
period.

To close our discussion of the basic model, we comment on the generality of our key effects. Many
models featuring implicit or explicit monetary incentives would generate the forward attribution.
As long as ambitious agents exert more effort, the increased output that results from it cannot be
completely rewarded in an explicit contract, and there is competition for more productive workers,
agents want to prove their ambition to better their position in the market. Thus incentives due
to signaling about ambition are much more general than our career-concerns framework would
suggest. The backward attribution is limited to a framework where the principal is also making
judgments about the agent’s ability. Thus, in models with some incentives but without inferences
about ability, ambition-proving incentives will always tend to increase effort. We choose the career

concerns framework in order to study the interaction between inferences about ability and ambition.

2.4 When Ambition Differs Through One’s Career

In our first model, we have assumed that the marginal utility of income m that summarizes ambition
differs only in the last period. This assumption makes the model more analytically tractable,
because it introduces a kind of symmetry between periods 1 and 2. Although an agent’s overall
level of effort differs between the two periods—in fact, this is a central part of our results—the

difference between agents of various levels of ambition does not change (a1 = ag).
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One, perhaps more realistic, alternative would be to assume that agents’ marginal utility of
income differs in all periods, and is the same over time for each type of agent. Extending the model
in this way introduces several new effects, which we now discuss.

When m differs throughout the agent’s career, the equilibrium efforts are e, = aym. The

equilibrium conditions for a;; and «o become

2 o2 (az(a — a1)o2, + 0?)

02+ ajol, + 02 02(202+4 02) + 02, ((a} + a3)o? + (1 — a2)?02)

hay = — o2 (a1(oq — ag)oz, + 02) (10)
02207 + 02) + 03, (0 + 03)02 + (1 — a2)%07)

2
o, T a1ao0

ka1 =

The only difference relative to our basic model is the first term in the expression for aq, which is
the derivative %%. Since more ambitious agents respond more strongly to this incentive, the slope
of period 1 effort with respect to ambition is affected.

The properties of equilibrium are summarized in the following theorem:

Theorem 2 Suppose heterogeneity in m extends to all three periods. Then
1. In any equilibrium, as > 0, and a; # 0.
2. An equilibrium with a1, as > 0 exists.

3. In any equilibrium in which a1 and a9 are positive, a; > .

Proof: See the Appendix. O

In this model, it is not in general true that a; > 0. If the principal expects the agent to
produce less when he is ambitious, he might have an incentive to destroy output to prove that he is
ambitious. And since ambitious agents care more about the wage in period 2, they destroy output
more. This effect sounds unreasonable at first, but note that it is limited to a framework in which
the agent can exert costly effort to destroy output.'® It cannot happen if there is a lower bound of
zero on the effort level, and it can only happen at the beginning of the agent’s career.

The fact that ae < 7 in the (positive) equilibrium of this model introduces caveats to our

previous discussion. Namely, it constitutes a force that acts against two of our earlier claims: that

19 And in that framework, it is not that unreasonable. For example, consider a soccer player looking to move to a
different club. He might well be paid more if he scores more goals against his future club.
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heterogeneity in ambition increases effort at the beginning of the career, and decreases it later. As

can be seen from expressions 10, an asymmetry between 1 and ao introduces new terms into the

numerators for aa—’c‘;f and %—1;’23; the new term in %—’513 is negative, while the one in %—’523 is positive. In

addition, %% features aago?, in the numerator instead of o202, as in the previous model, further
tending to decrease incentives in period 1.

Intuitively, when aso is smaller, the forward attribution is weaker relative to the backward
attribution, weakening incentives in period 1. If the agent is expected to slack off in the next
period, there is less of a point in proving ambition, since this will be rewarded less generously. At
the same time, the backward attribution still operates. The effect increasing incentives in period 2
is more subtle. Consider for a moment o1 > 0 and as = 0. Then, any increase in ¢ is attributed
to ability, not ambition. Given g1, this decreases the principal’s beliefs about the agent’s ambition,
since the same output now seems to have been achieved with less effort. A similar effect survives
when « is positive, but much smaller than «. But when the principal’s impression about ambition
decreases, this leads to a further increase in perceived ability, as effort in period 2 is perceived to be
smaller.? Finally, a mirror image of this effect decreases incentives in period 1. With a smaller a,
more inference is made about ambition from ¢; (relative to g2), so as long as ag > 0, the backward
attribution operating through the period 2 effort level is exacerbated.

These effects can be strong enough to reverse our conclusion that heterogeneity in ambition
increases effort early in the career, and decreases it later. However, they are end-effects, because
to be strong they rely on as being considerably smaller than «y. As there are fewer periods to care
about on the agent’s horizon, the difference between ambitious and unambitious agents decreases
as time goes by. In a three-period model, this decrease is drastic, so as can be much smaller than
a1. In a long-horizon setting, a one-period decrease in the horizon should have a small effect on
overall incentives. Therefore, the decrease in oy should be slower at first, and then steeper only
as the agent nears the end of the horizon. This intuition seems to imply that, intriguingly, the
predictions of a long-horizon model with heterogeneity across ambition extending to all periods are

more similar to those of a three-period model in which m differs only at the end than to those of

20 Of course, in reality the principal does all the updating at the same time. The above is merely a heuristic
argument that helps to understand why the responsiveness of the wage to period 2 output can remain high.
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a three-period model in which m differs in all periods. In fact, though we have not been able to
solve the long-horizon model in general, we have been able to verify that for a sufficiently small
02, heterogeneity in ambition increases incentives at the beginning of the career, and decreases
them at later stages. Thus, the effects derived from the three-period model in which m differs in

all periods should be limited to settings where the length of career is very short.

3 Ambition-Proving Over the Long Term

In the previous section, we have provided basic insights about ambition-proving incentives that can
be identified from a short-horizon model with heterogeneity in marginal utility of income (m). We
then made the claim that these insights extend to a long-horizon model where m differs across agents
in all periods. However, a long horizon introduces an important new mechanism, the bootstrapping
of ambition-proving incentives, that is non-existent in our three-period model.

Consider a variant of the model presented in section 2. Instead of three periods, we now assume
that the horizon is infinite. There is a constant discount factor . Reasonably for this longer
horizon, we assume that agents’ marginal utility of income differs in every period. In addition,
marginal utility of income, as well as ability, evolve over time. Denote marginal utility and ability

in period t by m; and a; respectively. We assume that m; and a; evolve according to

2
M1 = my+ v, v~ N(0,07)

at41 = Qg + Ny M~ N(Ovag)v

where the errors are all independent.

We are still looking for linear rational expectations equilibria, that is, equilibria in which e; =
aymy.2! This problem turns out to be very difficult to solve in general, so we further restrict our
attention: we look for the steady-state level of a; (and thus the steady-state level of average effort).

If a4 is a constant «, the principal does not need to keep track of a; and m; separately—she

only cares about the linear combination a; + am;. As will be clear below, a sufficient condition for

21 As we have mentioned above, since the marginal utility of income now differs in all periods, there is no constant
in the effort choice rule.

18



oy to be constant is that the variance of a; + am; is constant. Lemma 1 in the Appendix shows
that this is also necessary. Therefore, we look for pairs of parameters compatible with the steady
state: a steady state responsiveness to ambition « and a steady state variance of a; + am;, which

we denote by ag+am.

We derive two equations that need to hold for a and o2 First, by observing ¢, = a;+am;+¢€;

a+am:

in period t, the principal makes an inference about a; + amy, making her beliefs more precise. The
2

variance of her posterior is 21“# At the same time, a; and m; change, increasing the variance

a+am

by a + a202. In order for the the principal’s belief to have variance o2 tam in period t + 1, we

must therefore have

o 2Jg+am 2 2 2 2
—catam 4 524 (262 =¢ , 11
5 +Ja+am n v a+am ( )
yielding
2
2 a—l—am _ J —|—O¢2J2 (12)

Oa+am 2 +Ja+am

Second, we derive the agent’s incentive to increase output in period t. Clearly, for any ¢’ > ¢

we have wy = Elay + amy|q1, ..., qv—1]. In steady state,
2 t'—t—1
awt/ _ Oa+am 052 (13)
o 2 2 2 2 '
4t Oa+am +o¢ Oa+am +o¢

Since the agent does not expect her marginal utility to change on average, she uses m; in evaluating

the future return to her effort. Therefore

i—1
do?
ket my——atem a—l—am |: :| — a—l—am ) (14)
Z—l—am + 02 Z a—l—am + J (1 - 5) + Ja—l—am
Since e; = amy, this reduces to
)
ka = J‘”am . (15)

(1 - 5) o¢ + Ja—l—am
Expressions 12 and 15 are necessary and sufficient for the pair (o, o2 +am) to constitute a steady

state. The following theorem establishes key properties of the steady states of this model.

Theorem 3 A steady state satisfying expressions 12 and 15 always exists. Furthermore,

1. Suppose k*(1 — 6)%02 < §%02. For J% = 0, there are two steady states, one with o = 0 and

one with o > 0. For any J% > 0, there is a unique steady state. As 02 — 0, the steady state

n

approaches the positive steady state corresponding to J% = 0.
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2. Suppose k?(1—0)%02 > 6202. For J% = 0, the unique steady state has a = 0. For a sufficiently

2

y — 0, the corresponding « approaches zero.

small J%, the steady state is unique, and as o,

Proof: See the Appendix. O

The first part of Theorem 3 demonstrates just how powerful ambition-proving incentives can be.
Even with a very small ultimate reason for ambitious people to behave differently from unambitious
ones (a small J%), with an infinite horizon agents exert a significant amount of effort. The intuition
is that ambition feeds on itself. Once ambitious people behave differently from unambitious ones
because of some reward (in this case career concerns), agents will be willing to work harder not only
for the original reward, but also to prove that they are ambitious. Moreover, more ambitious people
have stronger incentives to prove their ambition, increasing the difference between the ambitious
and unambitious and thus further strengthening the incentive to work, and so on. In the end,
people work essentially to prove that they are ambitious, and that matters because they will then
want to do so again. Theorem 3 shows that for some parameters this is not only a possibility, but
indeed the unique steady state equilibrium in a reasonable model of ambition-proving incentives.

As given in Theorem 3, the key condition for bootstrapping to occur is k?(1 — §)202 < §%02. In
order for bootstrapping to create significant levels of effort, the above self-reinforcing mechanism
has to be strong enough. Several factors contribute to the force of bootstrapping. If agents are
more responsive to incentives (k is small), the ambition-proving incentive both builds more quickly
on itself and more quickly increases the difference between different types of agents (on which
ambition-proving incentives depend). If output is accurately observed (o2 is small), it is easier
to prove one’s ambition, making it more likely that bootstrapping occurs. Naturally, if ambition
changes more from period to period (o2 is large), or the agent is more patient (§ is close to 1),
bootstrapping is more likely to occur.

Note that for k(1 — 6)%02 < §%02, bootstrapping creates a discontinuity. If J% =0,a=0

2

is a steady state, whereas for o}

> 0, nothing close to it is. Thus, ambition-proving incentives
need some other inducement to eliminate the zero-effort steady state, but an arbitrarily small other
incentive necessarily creates significant effort.

The bootstrapping result can also be used to demonstrate an important general property of
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ambition-proving incentives: they act as a multiplier effect that increases the efficacy of other
incentives. If, say, J% increases, the agent’s incentives become stronger. This leads to an increase
in «, and thus a further increase in incentives. Once again, the intuition derives from the fact that
more ambitious agents react more strongly to the increased incentives, increasing the ambition-
proving incentive. This multiplier effect operates in many environments.

Although Theorem 3 derives the bootstrapping result for career concerns, ambition-proving
incentives can “attach themselves” to other kinds of incentives as well. As soon as any other
incentive creates a small difference between agents of different ambition, the above intuition kicks
in, and ambition-proving incentives get a life of their own. We have confirmed that for a vanishingly
small exogenous reward for increases in output, bootstrapping relies on the same condition as in
Theorem 3.22

The bootstrapping nature of ambition-proving incentives indicates that career-concerns type
incentives may not decline even after the market has learned a lot about a worker’s ability (or
cannot provide much in other incentives). As long as people’s ambition changes, minimal differences
on other dimensions can lead to significant incentives for everybody. And while ability is unlikely
to change much in unpredictable ways once a person has finished his education, it is reasonable to
expect that one’s marginal utility of income shifts regularly due to changing life circumstances.

Although our steady state analysis relies on m changing over time, the basic mechanism behind
Theorem 3 survives even when m is not changing. The intuition that more ambitious agents will
respond more strongly to ambition-proving incentives just like they respond more strongly to other
incentives, and the existence of this force does not depend on m changing over time.?3 Nevertheless,
the strength of this effect does: if incentives disappear, ambitious people will not exert significantly
more effort than unambitious ones, weakening the ambition-proving incentive. And in a model with
a constant m, effort is likely to decrease rapidly over the career as the principal learns m. While

ambition-proving incentives still bootstrap themselves, the heterogeneity on which they are based

22 Suppose that there is no heterogeneity in talent, and an outside party gives the agent a payment Bg¢; in each
period. We show that as 8 approaches zero, there can still be significant effort in steady state.

23 This can be partially seen from expressions 10 in section 2.4. In period 1, the more ambitious agents work
harder not only to prove that they are able, but also to prove that they are ambitious. This is the beginning of
ambition-proving building on itself.
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gradually disappears.

In addition, when incentives decrease over time, the backward attribution becomes more im-
portant. In that case, output provides a stronger signal about past effort than about future effort,
so the negative inference about ability is more important relative to the positive inference about
future effort. This exacerbates the decrease in effort over time.?*

These observations reconcile our result that ambition-proving incentives can support a high
level of effort even if there is little else to motivate ambitious agents with our earlier claim that
heterogeneity in ambition leads to a drastic decrease in effort over time (section 2). In this section,
we have assumed that the level of ambition is changing randomly, whereas the analysis in section
2 was based on a constant m. This indicates that the agent’s level of effort will tend to be high as

long as her needs are changing from time to time, but will decrease rapidly once m is approximately

constant.

4 Organizational Design: Hours as Informal Incentives

A central theme running through this paper is that the agent’s incentives to work hard derive from
his need to prove not only that he is talented, but also that he will work hard. In general, the
principal wants to manipulate this incentive as much as she can. We assume that the principal’s
goal is to increase incentives to work hard,?® and consider two questions. In this section, we study
how the principal might want to tailor the information to observe about the agent’s performance.
Specifically, we ask whether and when the principal wants to commit to observing a noisy signal of
the effort the agent expands. A natural example of such a signal is the number of hours an agent
puts in everyday: this might provide information about how hard-working he is, but not (directly)

about his talent. In section 5, we show that in many situations, the incentive structure of the

24 Note that steady state analysis, by its very nature, eliminates any time-variance in the balance of forward and
backward attribution, and makes forward attribution uniformly stronger. Since the principal only cares about a
time-invariant linear combination of ability and ambition, she does not care whether an increase in output is due to
ability or hard work.

25 In a career concerns model, it is theoretically possible that agents work inefficiently hard, so it is not necessarily
true that the firm wants to increase their incentives. However, explicit incentives are widely used, and firms almost
never provide negative incentives in an attempt to counterbalance career concerns. This indicates that even with
career concerns, agents’ level of effort is lower than efficient.
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organization should be tilted toward (“catered to”) better-performing agents.

Suppose, then, that in period 1, the principal can observe ¢ = a + e1 + €1 as before, but that
now she can also observe a noisy signal of the agent’s effort hy = e; + €|, where ¢, ~ N(0,0"?).
We keep the assumption that the principal pays the agent a competitive wage. Since the wage
now depends on what the principal chooses to observe, this is not such an innocuous assumption
anymore. But the crux of career concerns models is in the principal’s impression of the agent and
the agent’s attempts to manipulate it, not in the structure of competition in the market. Thus, we
will not be explicit about how a change in impressions is translated into a change in wages.

However, we make a new assumption about the structure of the labor market. We assume that
after period 2, the agent changes employers with probability one, and her new employer cannot
observe hi—the second employer is unlikely to have as detailed information on the agent’s actions
as the first one. This assumption allows us to isolate the phenomenon we are looking for in this
section. In addition, as we will see below, even if the agent stays with the first employer, that firm
may have an incentive to commit to not using h; for setting wages in the third period (if it can).

Once again, we look for the linear equilibrium. Since wages in period 3 depend on the same
observables as in section 2, we have a1 = ay = o > 0, and (copying expression 8)

J2

ka** — a .
02 +2(02 + a**202))

(16)
Also, the level of effort in period 2, not only the difference between agents of different levels of
ambition, is the same as before. Turning to period 1, the principal’s observations are ¢; and h;.

The variance-covariance matrix of interest is

a o2 0 o2 0
v m - 0 o2, a**o?, a**o2, (17)
Q1 o2 a*o2 o2+ a0l 4 o? o 2g2, '
EE ) *k2 2 *k2 2 2
hi 0 ooy, ool ool + o,

This leads to the following expectations for ability and ambition:

20 k%2 _2 12 *k **k2 2 2 *k
E[a\ h ] _ Ja(a Om +0¢ )(Q1 — Q" Uy — Ql) — Jaam(h‘l — Uy — Ql)
qi, 1] = ¥%2,-2 9 ¥%2 -2 9 272 %22 12 272
a** oL o + Q05,08 050 + oo 00 + 0f0,
*x 2 /2 *kok *x 2 2 2 *kok
E[m\ h ] 0,0 (Q1 — O Um _Ql) +a Jm(aa +Je)(h‘1 —a Um _Ql) (18)
qi, ] = %2 2 2 2,2 2 212 2,2 12 212 :
o oL o8 + Q05,08 + 0,05+ a0 0. + 020,
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As the above indicates, the principal’s inference about the agent’s ability depends negatively on
hi. The reason is simple: if the principal sees the agent working hard at night every day, given
the level of output she attaches a lower ability to the agent. However, this does not mean that the
agent will be discouraged from work, because her effort also increases output. The agent’s wage in

period 2 is E[a + a**m|q1, h1]. Given this and the above expressions,

*x2 2 2 2 12 *x2 2 /2 *x2 2 2
0 Efwsle] = o olon ool + o ol ol + a0l of (19)
dey a**202.02 + o252 02 + 0202 + a**202,0/2 + 02072
Rearranging gives
0 1
50, Blwaler] = 12 T : (20)
€1 + 0-6 2 *%x2 2 a**QUgnU(QIJ"a**QU%LUg
oata**“on, + o2
The corresponding derivative when the principal does not observe h; is
o2+ a**2ar2n 1
2 + Oé**2 2 + 2 = 1 2 1 : (21)
o4 Op, +0¢ +o

From the above two expressions, it is clear that all agents with m > 0 exert higher effort in period 1
when the principal observes a measure of their hours in addition to their output. Strikingly, despite
the fact that the observation of effort undermines the agent’s capacity to “prove” his talents, this
always motivates him to work harder in the end! Counterbalancing the negative effect on the
principal’s inferences about ability is that (due to the extra signal) observation of hours makes
it easier to prove one’s ambition. The significance of both of these effects—that the agent finds
it harder to prove his ability, but easier to prove his ambition—depends on the heterogeneity in
ambition. It turns out that the latter effect not only cancels the former, but in fact outweighs it.
The intuition is related to one of our earlier points: forward attribution is fully rewarded, while
backward attribution is not fully punished. That is, when the principal concludes that the agent
is more ambitious from the number of hours worked, she expects the agent to work harder in the
next period. She also concludes that the agent is less able, but this attribution is dampened by the
inference that the agent must have been less lucky (she exerted high effort but still produced low

output ).

2
26 A different way to see this result is to note that, similarly to section 2.3, E[a + asm|qi, h1] = a;ﬁql +

2
(Oég - (;;Taa'go‘l) E[m|qi, h1]. Since the forward attribution outweighs the backward attribution, and by equations 18

it is easier for the agent to prove her ambition, effort increases.
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Since observing h; creates a stronger incentive structure than just observing ¢;, there is an
endogenous reason for signaling about ability to be outweighed by signaling about ambition in
period 1. Although increasing incentives overall, observing h; does make it harder to signal one’s
ability, so attention shifts to signaling ambition. This derives from the firm’s choice of incentive
structure, whereas a similar outcome in section 2 was the result of the agent’s overall responsiveness
to incentives.

In contrast to the positive role of hours on incentives in our model, in the pure-strategy equi-
librium of a standard career concerns model it would not matter whether the principal observes
the agent’s hours as long as the noise in hours €] is of full support. The reason is that in the
(unique) equilibrium of the standard career concerns model, the principal knows the equilibrium
effort level e}, and any difference h; — e} is attributed to the error term. In other words, knowing
the agent’s strategy, h1 would not provide the principal with any information she does not already
know. However, if the agent’s effort is noisy for some exogenous reason, the observation of hours in
fact dampens career concerns incentives. For example, the agent might “tremble” and not provide
exactly the level of effort she intended. As in the above discussion, observing a higher level of effort
would then indicate to the principal that the agent is of lower ability, so the agent would not be
willing to put in the work.?” This makes it all the more striking that in our framework observation
of hours unambiguously increases effort.

Since w3 only depends on the principal’s perception of ability, it would be detrimental for
incentives if in our setting the employer observed a measure of the agent’s period 2 level of effort.
Observing he = agm + €, takes away the agent’s ability to fool the principal by increasing effort,
on which her incentives to prove ability depend. Showing that this undermines effort is now much
harder than in a standard career concerns model, however. Formally, the principal can observe
three signals about ability before setting the wage in period 3: outputs in periods 1 and 2, and

hours in period 2. Therefore, the relevant variance-covariance matrix is

27 These claims follow easily from Propositions 4.1 and 5.1 of Dewatripont, Jewitt, and Tirole (1999).
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2 2

a o2 lop 0 lop
v a+aim+ € | 02 02+0a202 +02  ajago? 02 + 02, (22)
asm + € 0 Q1002 o302 + o2 alo?, '
2 2 2 2 2 2, 2 2 2
a+aam+ e 0, 05 taiagog, 50, o, + ayo;, + o

After a horrendous amount of manipulation, this leads to the following expressions:

ows as(ag — ay)o202,0”? + a30202,0% + 02020!?

Oer  020t0(az — 1)+ (02 + 0302 ) (20202 + (02)?) + (af + 03) o020

Ows a1(a1 — ag)o02,0% — ajago20l,0? + o2020!? (23)
ez 030702 (a2 — a1)? + (02 + 0307,) (20302 + (02)%) + (of + 03)07,0202

Using the above, we have the following theorem.

Theorem 4 Suppose that the principal can observe ho before setting the wage in period 3. Then,
equilibrium exists, and in any equilibrium, g > ao. Furthermore, ay + aig ts smaller than it would
be if the principal could not observe hg in period 3 (section 2), and for agents with m > 0, so is

effort in period 2 and total effort in periods 1 and 2.

Proof: See the Appendix. O

While the force that decreases effort in period 2 when hs is observed is clear, there are other
effects that complicate the analysis. In particular, the change in observability and behavior in
period 2 affects behavior in period 1 as well, and effort in period 1 can actually increase. There
are two effects on behavior in period 1. If hours in period 2 are observed, backward attribution is
weakened. Intuitively, since the principal has a direct measure of effort in period 2, she makes less
inference about ey from period 1 output. Therefore, for any increase in ¢, the principal does not
downgrade her beliefs about the agent’s ability given g so much. This increases period 1 effort.
Offsetting this is a “precision effect.” When hs is observed, the principal can back out a more
accurate signal about the agent’s ability in period 2. And with the principal’s beliefs being more
precise, it is harder to fool her about ability. This decreases period 1 effort. The net effect could
push e either way. But as Theorem 4 demonstrates, the direct effect on es outweighs the possible

positive indirect effect on e;. When the backward attribution that would depress ey is muted, so are
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incentives in period 2-both of these depend on the accuracy with which the principal can observe
effort in period 2.28

Therefore, we get the following predictions on when a firm would want to obtain information
about an employee’s effort level that can be used to set later pay. Aslong as a significant proportion
of the agent’s career is in front of her, making career concerns important in the future, a firm wants
to commit to observing the agent’s number of hours, however noisily. The same does not make
sense later in the agent’s career. Moreover, by that point the firm might even want to “lose” its
earlier measure of the agent’s effort! Although we have not formally shown this, this could be true
for the same reason that observing ho before setting ws is bad for incentives. If the firm uses h; in
setting period 3 wages, the agent cannot fool the principal about her ability as much, decreasing
incentives.??

Although we have no economic evidence about this aspect of organizational structure, it seems
that in many occupations hours are emphasized as an informal incentive early in the career, and
ignored later. These include law, medicine, consulting, and investment banking.

A possible concern with the principal’s observing the agent’s hours is that the agent may try
to “game” the system. In any setting where the principal can observe multiple signals about the
agent’s performance, the agent may substitute his effort toward the task that is more strongly
rewarded (Holmstrém and Milgrom 1991). Thus, once the principal decides to observe a measure
of the agent’s effort, he might go out of his way to show that he works long hours. Examining
expressions 18, it is clear that if the agent’s hours are very accurately observed (¢/2 is small), but his
output is not (o2 is not too small), an increase in h; is more rewarded in period 2 than an increase
in ¢;. Thus, the agent may want to concentrate effort on this signal, for example by unproductively
sticking around at night even though he is exhausted.3"

The above discussion indicates that the principal might not want to observe e; too precisely.

28 The proof of theorem 4, as well as the above discussion, assumes that h; is not observed. The statement of the
theorem would still be true, and essentially the same proof would work, if h; was observed in period 2.

29 Interestingly, there is a slight difference between whether a firm would want to observe h; versus hs in period 3.
Theorem 4 shows that observing hs is unambiguously bad, while observing hi could be good in some circumstances.
The reason is that observing hi can increase the responsiveness of wa to ¢1: by making as > a1, it makes it attractive
to prove one’s ambition.

30 We have confirmed this intuition in a proper model in which the possibility to substitute effort is explicity
formulated. Since its presentation would add little, we have omitted it.
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This, as well as our earlier observation that it might be good to forget h; by the end of the agent’s
career, provide a rationale for using informal measures to set pay (like a supervisor’s “impression”
of how hard the agent works). These measures are not very accurate and are available in the short
run, but can easily get lost in a dynamically changing firm. In standard models, informal measures
are an imperfect substitute for explicit incentives, to be used only when the latter is not available
because of some contracting constraint. Here, we have a situation in which the informal measure

is better than the formal one even if both are available.?!

5 Extensions and Discussions

In this section we discuss several variants of our model. First, we study how our basic model is
modified when the agent does not know his level of ambition at the beginning of his career. Then
we show another consequence of our model for organizational design, and identify a force toward

multiple equilibria.

5.1 Learning Ambition

In the model of section 2, we have assumed that the agent knows his ambition from the beginning
of his career. In reality, people’s ambitions may become known later, perhaps due to changes in
needs or circumstances. We now extend the model to account for this possibility. Relative to the
setup above, we make two changes. First, the agent is assumed not to know the value of m until
the second period, before choosing his effort level in period 2. The fact that he learns m in the
second period and knows only the prior distribution before then is common knowledge. Second, to
leave the horizon after the agent has learned his ambition the same (thus preserving the effects from
section 2), we take a four-period model. We continue to limit our attention to linear equilibria.
Since the agent does not know m in period 1, e; does not depend on his ambition. However,

just as in the proof of Theorem 1, the symmetry of the problem starting in period 2 can be shown

31 Note that substitution of effort to increase observed hours is only going to be a problem at the beginning of the
agent’s career. Even if ho is observed before setting the wage in period 3, the agent will not exert excessive effort to
increase it. In fact, the agent will go out of his way to decrease ha. This allows him to take advantage of a negative
backward attribution, so that his earlier outputs seem more of a reflection of ability. If the feigned “slacking” is costly
to the principal, this might be another reason not to observe hs.
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to imply that as = ag = a. Then, the following expressions describe the extent to which future

wages respond to past outputs:

Qwy o? ( o2 4+ oo, ) (24)
oq o2+ 02 2402 4+ ao?

ows 0202 + a20202 J + oo 2

g1 (03)2 + 20202 + 202, (a +2(02 + ar*r %))

Ows 2 +a%02 (o2 —I— 0?2 o2 —I— a***afn

dgz (ag) n 2a 24+ 202 ( (a +2(02 + a***azn)>

Owy 0202 + 2a2 2 2 o2

op (02)2 4+ 30202 + 2020 2 —|— 204202,103; (a? +3(02 + a***a%))

Owy Oowy 0202 UZ

dgx  Oaqs (022 + 30202 + 20202,02 + 20%02,02° <ag F3(02+ a***agn)>

To facilitate comparison with the model in which m is known from the beginning, we have put
the corresponding expressions for that case in parentheses. Similarly to the three-period model,

ka*** —

og
o2+3(o24+a***g2,)"

The derivation of these expressions, as well as the proofs of the non-trivial
claims in this section, can be found in Theorem 5 in the appendix.

The first noteworthy property of this variation of the model is that ws is more responsive to
@2 than it is to g;. Thus, if period 3 is important enough relative to periods 2 and 4, the agent’s
level of effort is higher in period 2 than in period 1. In other words, effort is not monotonically
decreasing over the career. Given our result that ambition-proving incentives are likely to increase
effort early in the career, this wrinkle should not be too surprising: ambition-proving incentives can
only affect the agent’s behavior once they are known, so effort can increase while the agent learns
m.3? Intuitively, as it becomes known to the principal that the agent has figured out his ambition,
she starts making inferences about it from his output. Therefore, the agent is forced to work hard
to prove that his newly learned marginal utility of income is high. Thus, our model endogenously
generates a feature of career paths in modern society that many find unfortunate. Specifically, the
agent has to work hardest in his career in exactly the same period in which he also figures out
his personal life. Broadly interpreting our model for the marriage example, as the agent takes his

vow and decides on the relative importance of career and family, incentives induce him to prove

32 Note that the same is not true in a standard career concerns model. There, the agent does not need to know
his type to signal it.
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his attachment to his job. Evidence on the well-known marriage premium is consistent with our
model. Korenman and Neumark (1991) provide evidence (in the form of supervisor evaluations)
that the premium is largely due to harder work on the part of married men. Loh (1996) shows
that the marriage premium is the same for men with working and non-working wives, and is non-
existent for the self-employed. These facts are not consistent with Becker’s (1991) division of labor
story or models in which marriage simply changes the agent’s preferences (and does not lead to the
signaling thereof). They indicate that a signaling motive such as ours may be an important part
of the explanation.

In addition to the timing of incentives, it is interesting to compare the overall strength of
incentives in this model to one where the agent learns m at the very beginning.?? Clearly, due to
a lack of opportunity to signal ambition, aa% decreases. At the same time, it is easy to verify that
%—’523 and %% unambiguously increase. Two effects increase %—1;’23. If the agent only learns m in period
2, the principal learns nothing about it from ¢, so more can be proven through output in period
2. In addition, since the agent’s period 1 effort cannot depend on m, the backward attribution is
also weakened. Similarly, aa% increases because no backward attribution operates based on output
in period 1. In fact, %% is higher than it would be in a standard career concerns framework. The
reason is that while an increase in g; can only be due to ability (besides noise), an increase in g
and g3 can be due to either ability or effort. Therefore, ¢; is more important in the principal’s
updating of ability.

ow

Expressions 8_(]24 and aa—’c‘;f are more complicated, and their relationship to the similar derivative

in a model with m known from the beginning depends on % Take 2¥4 first. If observation of
g g 0?2 g2

output is relatively noisy (02 > 202), then w, is now more responsive to ¢, but if 02 < 202, it
is less responsive. This is due to two opposing forces. Since the agent does not know his level of
needs m in period 1, he is not punished by backward attribution. Intuitively, even if the principal
observes a high output in period 2, she cannot infer that the agent must have exerted a higher level
of effort in period 1. Therefore, the principal does not attach less meaning to a high output in

period 1. Because his period 2 effort does not feed back into a pessimistic interpretation of ¢;, the

*

33 The following discussion ignores the fact that in general o # a***.
change any of the conclusions.

The appendix shows that this would not
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agent works harder in that period. Opposing this is another “precision effect.” When the agent
does not know his ambition, the principal can back out more about his ability from period 1 output.
With less variation remaining, it is harder to prove one’s ability in period 2, decreasing incentives.
Naturally, the precision effect is relatively stronger when the noise is smaller, so it outweighs the
former effect when o2 is small. aa% also depends on two opposing forces. The precision effect
increases %—1;’13, since it helps the agent prove his ability. On the other hand, since effort in period 1

cannot depend on the agent’s ambition, there is no forward attribution coming from ¢;, decreasing
Qws
oq1 -

One can prove that the overall responsiveness of g3 and g4 to previous outputs increases when
m is not known in period 1; that is, the sums %—’513 + %—’;23 and aa% + %% + %% increase. By
eliminating the backward attribution, learning m later in the career effectively allows the agent to
signal his ability and his ambition separately—ability first, then ambition. One way to see this is to
assume that there is almost no noise in the observation of output (¢2 ~ 0). Then, expressions 25
indicate that a,ﬂ, a,ﬂ, a,ﬂ, and 243 are all close to 1. Variations in q1 are attributed solely (and

0q1’ O0q1’ Oq1 0q2

completely) to ability, which affects pay in all periods. Then, variations in g2 are (near-perfect)
signals of ambition, which affects pay in period 3. No standard career concerns model can generate
so much sensitivity to effort. In short, if periods 3 and 4-the periods after the agent has learned
m—are important enough in determining pay, a career structure in which decisions about personal

life are delayed generates stronger incentives than one in which they are not.

5.2 Catering to the Best

In the fully competitive models we have considered so far, the firm has almost no leeway in setting
its pay policy. But we have also noted that the ambition-proving incentives we have identified
would affect behavior in many other situations as well, including in ones where the firm can resort
to explicit incentives. In these situations, a profit-maximizing firm will design incentives taking
into account the ambition-proving motive. Without explicitly setting up the firm’s maximization

problem, our results in section 2 indicate the general direction in which this concern will change
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incentive design in organizations.?? Recall the model analyzed in section 2, and, as before, assume
that the firm wants to increase its employees’ level of effort. If explicit or implicit incentives are
important through most of an employee’s career, or if output is observed with a lot of noise, the
firm wants to increase o**. That is, in devising incentives, the firm wants to cater to its most
ambitious and best-performing workers, setting up an organizational structure that motivates the
best employees most strongly. It is easy to see that %% is increasing in «o**, so if this period is
sufficiently important, a higher o** is desirable. Intuitively, by committing itself to a system in
which the most ambitious people work hardest, a firm induces everybody to try to prove that they
are ambitious. This increases effort earlier in the career, even before the explicit incentives kick
in. The same argument implies that if the firm can manipulate oy and «ay separately, it will try to
increase ag most. Therefore, firms should cater to their more ambitious employees more strongly
in the middle stages of their career.

We should note that this is a stronger statement than just saying that the firm should reward
higher output, creating income inequality. Rather, the firm wants to create effort inequality with
an incentive system that induces the best to also work hardest.

Fast-tracking and up-or-out promotion schemes have this property. Under fast-tracking, em-
ployees who are successful early are more carefully mentored and monitored, and are more likely to
be promoted again. Under up-or-out, the firm either promotes or fires the employee after a certain
time. Both of these systems discourage the less successful by creating a category of “dead-end”
jobs with no perspective (Kanter 1977).

If output is very accurately observed, or explicit or implicit incentives do not continue to be
important in an employee’s career, the firm wants to decrease o**. By decreasing the difference
between less and more ambitious people, the firm will be able to tell more easily which employees

are more talented. Since this is what ultimately determines their wages, workers will be induced

34 In order to have a fully fledged model of the optimal contract, we would not only have to specify the firm’s
problem, but also the competitive situation it is facing. Competition is crucial in determining career concerns as
well as ambition-proving incentives, as it determines the agent’s payoff from improving the firm’s impression of him.
Carrying out this exercise is beyond the scope of this paper. Instead, we take a shortcut and assume that the firm can
manipulate o™*. In our model, one way for it to do so is to change its period 3 marginal payoff to earlier performance.
For ways to analyze the interaction of explicit incentives and (standard) career concerns, see Meyer and Vickers
(1997) and Gibbons and Murphy (1992).
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to work hard in an effort to impress the principal. Since many career paths involve proving oneself
over a long period of time, and the output of an individual worker is often not easily observed, this

latter case seems to be less plausible.

5.3 A Note on Multiple Equilibria

Finally, we provide an example that observing the number of hours the agent works can generate
enough feedback to create multiple equilibria with «a;’s being nonnegative. Assume that hy is
observed in periods 2 and 3, that agents’ heterogeneity in ambition extends to all periods as in
section 2.4, and that 02 = 0. Since the agent’s effort is perfectly observed, he cannot influence
the signal about ability extracted in period 1. This implies that the principal’s judgment about
the agent’s ability does not depend on e;. Therefore, the agent’s incentives in period 1 derive
exclusively from ambition-proving. If a; = 0, no ambition proving is possible, so @y = 0 is an
equilibrium. But there is also an equilibrium featuring oy > 0. Assuming that this is the case,
the principal identifies m from h, so incentives in period 2 are the same as with standard career
concerns. Then, ko = %% = g—f

Intuitively, multiple equilibria can arise because the ambition-proving incentive depends on
what the principal expects different types of agents to do. If she expects much more from ambitious
agents, all types will try to prove that they are ambitious, since in that situation a high output
actually convinces the principal of ambition. And if more ambitious agents respond more strongly
to this incentive, the principal’s expectations actually materialize. Although this force exists in all
of our models, it is only strong enough to generate multiple equilibria in this last example (other
than the less interesting possible multiplicity in section 2.4). In other words, if ambitious people are
expected to distinguish themselves from others, observers will take good performance to be a sign of

ambition, and this motivates even the less ambitious to work hard. However, if the best-performing

agents in the economy are not expected to “lead” in this way, everybody will work less hard.
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6 Conclusion

It is now a classic insight in economic theory that an employee’s concern for his employer’s im-
pression of him can create incentives to work hard even when no explicit contract to reward the
agent is at the principal’s disposal. Models of this “career concerns” tradition generally assume
that agents differ in a productivity-relevant dimension of talent, and the heterogeneity in ability
gives rise to the desire to distinguish oneself in the eyes of the principal. While acknowledging that
signaling about ability is very important, we argue in this paper that economic theory has ignored
an equally crucial dimension of employees’ attributes: their ambition. We show that introducing
heterogeneity in (a specific aspect of) ambition into an otherwise standard career-concerns model
qualifies some of its basic insights, and provides a host of novel predictions for the behavior of
agents and the structure of organizations.

Our general insight that agents may want to signal about the extent of their career concerns in
addition to just their ability can in principle be applied to a variety of career concerns models. We
study the delivery of effort in this paper, but a sizable literature focuses on the career concerns of
experts providing information (Scharfstein and Stein 1990, Prendergast 1993, Prendergast and Stole
1996, Ottaviani and Sorensen 2001, Li 2001, among others). Signaling about career concerns do not
arise in these models for various reasons. In Prendergast and Stole (1996), the possibility of signaling
about career concerns is ruled about by their assumption about the manager’s preferences, which
is a combination about current profit and current, end-of-period reputation. Other reputational
cheap talk models typically restrict attention to at most three periods. Signaling about career
concerns with reputational cheap talk requires at least four periods, and many of the results would
be affected. For example, a prediction of multi-period models is that experts tend to stick to
their earlier opinions, because admitting that they were wrong implies that they are not as smart
(Prendergast and Stole 1996, Li 2001). However, sticking to his opinion makes it more likely that
the expert will stick to his opinion again, so his information can be expected to be less useful. Thus,
an expert may make a point of contradicting his earlier opinion, or hiding his early information in
order to signal that he will not have to be worried about career concerns in the next period, and

can report his opinion truthfully.
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Thus, in contrast to a model with effort delivery, experts in a cheap talk model want to signal
that they are not ambitious. Naturally, the direction of “concerns about career concerns” depend
on the original career concerns’ inefficiency. If the original career concerns make the principal better
off because the agent would work harder, as in the current model, some agents will want to show
that they are particularly sensitive to them, using high effort as a credible signal. On the other
hand, if the original career concerns make the principal worse off as in many reputational cheap talk
models, some agents may have a strong incentive to show that they are oblivious to the pressure

of career concerns.

A  Proofs

Theorem 1 In the unique linear equilibrium, ay = as = o™ > 0, and « satisfies

0.2

ko™ = a . 25
C e a ) (25)

Furthermore, the right-hand side of this equation is the derivative of the agent’s period 3 wage with respect
to q1 and qs.

Proof: Together with a and m, the distribution of the observables g1 = a + ¢; + a1m + €1 and g2 =
a+ e, + agm + €2 is multivariate normal. In particular,

a 0
a+aim+ e e +aipm
a+ azm+ e €y + aofim
and
a o2 0 o2 o2
v m _ 0 o2, aio?, 02, . (27)
a+am+ € 0’2 oqa?n 0’2 + a%afn + ‘752 0’2 + alagafn
a+ aom + €2 0’2 agafn 0’2 + oqozgafn 0’2 + a%afn + ‘752

Now we use the updating rule for multivariate normals to get:3°

2 2 2 2 2 2 -1
or+ajos + o0 os 4+ ajag0 g1 — €& — 1lm
Ela , — 0.2 0.2 a 1%m € a m 1 . 30
lalan 2] = (o7 g )< 02 + aras0?, 02+ a3o?, + o2 2 — € — Qafiy (30)
35 If
<Q>NN<<M1>’<UH i >> (28)
G2 2 O21 022
then

Gl¢2 ~ N(p1 + 091055 (G2 — p2), 011 — 091055 021). (29)
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Therefore, the agent’s period 3 wage is:

_ oa(az(az — an)oy, +02)q1 + o5 (on(on — az)oy, + 02)q

(03 + afod, +02)(0F + adoy, + 02) — (07 + uaz07,)?

K, (31)

where £ is a constant the agent cannot control. Note that (624+a%02 +02)(024+a302,+02)— (02 +aia202)? >

02,02(a; — az)? > 0. Thus

0
sign (_8w3> = sign(as(az — ar)oy, +07), and
0

g 0q2

The sign and relative size of these coeflicients determines the sign and relative size of a; and ay. We first
prove that «y and ag are positive. If one was positive and one was non-positive, both coefficients would
be positive, that is, w3 would increase in both ¢; and ¢2. From the first-order condition of the agent’s
maximization,

sign(a (g — ag)o?, +o?). (32)

ws m%, and kmag = m%. (33)
oq Oq 9q2

Thus, ka; = %—t’;l and kas = %—Z’;. Since both right-hand sides are positive, it is not possible to have negative
a1 or asg, a contradiction.

If both a; and as were non-positive, then at least one of the coefficients would have to be positive. If
a1 < a9, ws increases with go for sure, which contradicts cg < 0. Similarly, if oy > a9, then ws increases
with g1, which contradicts oy < 0.

Second, we prove that a; = as. Given that both are positive, if we have oy > aq, then ws increases
faster with ¢o. A high «; thus entails higher marginal cost of effort but lower marginal benefit in wage
payment, a contradiction. A similar argument rules out a; < as.

Once we have established a; = g, it is easy to derive that o must satisfy equation 8. Finally, for
positive «, the left-hand side of equation 8 is increasing in «, while the right-hand side is decreasing. Since
the right-hand side is greater at zero but smaller for large «, a unique « satisfies the equation. O

k(ey + may) =

Theorem 2 Suppose heterogeneity in m extends to all periods. Then
1. In any equilibrium, as > 0.
2. An equilibrium with aq, ag > 0 exists.

3. In any equilibrium in which oy and as are positive, ay > as.
Proof: We prove each part in turn.
1. We prove by contradiction. First, suppose that ay,as < 0. Adding the two equations 10 we get

Ug—l-oqozgafn UZ ((Oél —042)20314-062)

k = .
(4] = G0 +0? T P 7+ a?) + 02 (o] +ad)o? + (a1 — a2)’0D)

(34)

Now the left-hand side of this equation is negative, while the right-hand side is positive. Next, suppose
a1 > 0 and as < 0. This would make as positive, another contradiction. Finally, cs = 0 contradicts
the condition for am.
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2. For a positive constant K (chosen to be sufficiently large in a way to be specified below), consider the
following set in R? space: {(a1,a2)|0 < a1,a2 < K, a1 > as}. On this set, the equilibrium conditions
10 define a map. Call this map f, and let f;(a1,az) be the ith component of f(ay,as). It is easy to
verify the following properties of f:

e Whenever a; = aw, fi(ag,as) > fo(ag,as) > 0.
e Whenever as =0, f1(ai,as), fala1, az) > 0.
e We can choose K so that fi(K,a2) < K and fo(K, as) > 0 for any as < K.
e f is continuous.
These imply that for a sufficiently large K, f defines a continuous inward-pointing map. Thus, by the

Halpern-Bergman Theorem (Aliprantis and Border 1994, page 549), it has a fixed point. The fixed
point is a linear rational expectations equilibrium.

3. We prove by contradiction: assuming «; < ap immediately implies a; > ao from expressions 10. O

Lemma 1 In the infinite-horizon model, if oy is a constant «, then the variance of a;+amy is also constant.

Proof: Denote the variance of a; + am; by o2 From simple updating of normals, for any ¢’ > t

atam,t"
we have

t'—1
8’LU,5/ 0 Ug—i-ozm t o?
B0 8—E[at' +amylq, .. qr-1] = 5 H S E— (35)
qt qt Oatam,t +o¢ s=t+1 Oa+am,s +og

Thus, the total return to increasing effort in period ¢ is

t'—1
t —
T = a—mm 2 | 2 Z o1t l [ 2 142 (36)
+ 0 —I— g
a+ozm t € pr—t41 s=t+1 a+ozm s

For a; to be constant, the total return to increasing effort in period ¢ + 1 has to be the same. This leads to
the following recursion:

0’2 + 0'2
z=— atam, > S+6 5 € T (37)
Ua+ozm,t + Oc¢ Ua+ozm,t+1

After some manipulation, we can put the above in the following form:

1 1 1-6
) ( 5 - = ) = constant — ———— (38)

Ua+ozm,t Ua—i—ozm,t—i—l Ua+ozm,t

Now we prove by contradiction Suppose the left-hand side of equation 38 is not zero. Suppose first that it
is positive. Then, o2 Fam,t41 > o2 Now, take the corresponding expression for ¢ + 1:

at+am,t*
1 1 1-9
6| = - — = constant — ————— (39)
Ua+ozm,t+1 Ua+ozm,t+2 Ua+ozm,t+1

Since the right-hand side of equation 39 is greater than that of equation 38, we have 07 | ., 119 > oy am.ii1-
Furthermore, the reciprocal of the variance is decreasing at an increasing rate. But that’s impossible, since
the reciprocal is bounded from below by zero.

Now suppose that the left-hand side of equation 38 is negative. Then, 02, ,. 111 < Tayam, t
right-hand side of equation 39 is smaller than that of equation 38. Therefore, the reciprocal of o2

and the

a+am,t is
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increasing at an increasing rate. This implies that o2 +amt — 0 ast — oo. But since a; and m, change
every period (by random variables of given variance), the principal’s beliefs cannot become very precise.
This completes the proof. O

Theorem 3 A steady state satisfying expressions 12 and 15 always exists. Furthermore,

1. Suppose k*(1 — §)%02 < §%02. For Uf, = 0, there are two steady states, one with « = 0 and one with
a > 0. For any Uf, > 0, there is a unique steady state. As af, — 0, the steady state approaches the

positive steady state corresponding to 03, =0.

2. Suppose k2(1 — §)202 > 6202, For 02 =0, the unique steady state has o = 0. For a sufficiently small
€ v n

0’%, the steady state is unique, and as af, — 0, the corresponding o approaches zero.

Proof: For any o2 > 0, equations 12 and 15 each define a curve of o2
n atoam

curves f(a,07) and g(«), respectively. (f has an extra argument o since it depends on o
not.)
Foraf,zO,ozanndU

as a function of a. Call these
2 .

»» While g does

2

at+am

As « approaches %, g(a) — oo, while 1imaﬁ% f(a) < co. By continuity, they intersect. This intersection

= 0 is clearly a steady state. Now consider 03, >0. Ata=0, f(a) > g(a).

defines a steady state.

1. First, assume that 03, =0. a=0 and o2 +am = 0 obviously constitute a steady steady state. To look

for a positive steady state, substitute equation 15 into equation 12 and divide by (02_,,,)?. Letting
& = 02 ,m, the resulting equation reduces to

€

k?z? + (2k*(1 — 0)o? — 6%07) x + k*(1 — 0)*(02)? — 6%(02)?02 = 0. (40)
Since k%(1 — 0)202 < %02, the constant in the above quadratic is negative. Also, the coefficient on z?
is positive, so the equation has exactly one positive root. Thus, there is a unique positive steady state.
Call it «vg.

Next, we prove that the steady state is unique for a sufficiently small 0,27. f and g are continuously
differentiable, so for a sufficiently small positive 0’%, any steady state is close to either zero or ag. Since

f is strictly increasing in 0’%, there is no steady state near zero.

Notice that g(«) is convex. Also, f(«) strictly increases and becomes strictly flatter as 03, increases.

These two facts, together with the uniqueness of the positive steady state aq, implies that the steady
state is unique for a sufficiently small 03,.
Finally, we prove uniqueness for any positive 0’%. Substituting equation 15 into equation 12 defines the

following equation for = 02,

— o2 2 22
k2 (7(1 0o + x> (x — 02— Uf, + 2;06) > = 6%02. (41)

x ¢ + 0?2

We are looking for positive roots of this equation. The derivative of the left-hand side of this is
2
14 (1 —6)%= times

(1+(1 —5)%) (1 -~ (@i> —2(1 _5)0_? (x—af — o2 (00)” > (42)

x+ 02)2 x x+ o2

[\~

Clearly, whenever the left-hand side of equation 41 is positive, it is decreasing in 0’%, and its derivative

. . . . 2
1S 1Increasing 1n Un.
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We prove by contradiction that equation 41 has a unique root. For a small x, the left-hand side is
negative. Therefore, in order for it to have at least two roots, it has to be decreasing over some range.
If that is the case, by the above properties it is also decreasing over some for smaller af,’s. In particular,
it is decreasing over some range for any 03, near zero. Then, we can choose o2 so that equation 41 also
has at least two roots for Uf, near zero. (To do so, we might have to increase o2, but that will not lead
to a violation of condition k?(1 — 0)?02 < 6%02.) But that is a contradiction, because we have already

proved that there is only one steady state for 03, near zero.

2. Whenever k(1 —6)%02 — 6202 > 0, we also have 2k?(1 — §)0? — §%02 > 0. This implies that both roots
of equation 40 are non-positive. Therefore, for Uf, = 0, the unique steady state has a = 0.
Since there is no positive steady state for Uf, =0, for any & > 0, there is a 1) > 0 such that if 03, <,
any steady state has a < £.36
It is easy to check that when k*(1 — §)%02 > fSng, g—(’:(a, 0) > g—g(a) for a sufficiently small «, with
the strict inequality holding for o > 0. Since g—(’;(a, n) is strictly decreasing in 7, the two curves have
exactly one intersection near zero.

Theorem 4 Suppose that the principal can observe ho before setting the wage in period 8. Then, equilibrium
exists, and in any equilibrium, a1 > ao. Furthermore, ay + ag is smaller than it would be if the principal
could not observe hy in period 8 (section 2), and for agents with m > 0 so is effort in period 2 and total
effort in periods 1 and 2.

Proof: To prove existence, we use the same method as in part 2 of Theorem 2. For a sufficiently
large positive constant K, consider the set {(a1,a2)|0 < a1, as < K, a1 > as} in R?-space. On this set,
the equilibrium conditions 23 define a map. Call this map f, and let f;(a1,as) be the ith component of
f(aq, az). Tt is easy to verify the following properties of f:

e Whenever a; = aw, fi(ag,as) > fo(ar,as) > 0.

e Whenever as =0, f1(a,as), folar, az) > 0.

e We can choose K so that fi(K,a2) < K and fo(K, as) > 0 for any as < K.

e f is continuous.

These imply that for a sufficiently large K, f defines a continuous inward-pointing map. Thus, by the
Halpern-Bergman Theorem (Aliprantis and Border 1994, page 549), it has a fixed point. The fixed point is

a linear rational expectations equilibrium.
Subtracting the second of expressions 23 from the first, we get

2
g 2.2 /2
—(o1 + az) (al — Q2 — Q2 U,‘z) 040 m0ec
‘

k(ag — = . 43
2] = o (0 — ) 1 (07 T 32207 + (7)) + (o + ahheto?
Instead, adding the expressions 23 gives
(a1 — ) (oq — g — a2§,_?2) 0202 0" + 202020/
k’(Oél + 042) = = (44)

0a0 08 (a2 — a1)® + (02 + a307,) (20502 + (02)?) + (af + 03)o7,0207

36 To see this, suppose by contradiction that the set of steady states is bounded away from zero as 03, — 0. Since
f is decreasing in 03,, we could get a bounded sequence of steady states as 03, — 0, which are also bounded away
from zero. This sequence has a convergent subsequence. The limit of this subsequence would define a positive steady
state for 03, = 0, a contradiction.
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First, we have to prove that a; and «q are positive. If both were negative, equation 44 would indicate that
a1 —az and a; — ag — agg—; have opposite signs, giving that the first one is negative and the second is
positive. But that contradicts equation 43. If a; > 0 and ag < 0, Lf; would be positive, a contradiction. If
a1 < 0 and ag > 0, %—f} would be positive, another contradiction. This proves that a; and as are positive.

2
From equation 43, a; — ap and a; — ap — 062% have opposite signs. Since ay and s are positive, this
L

2
can only happen if oy —as > 0 and a; — ag — ag% < 0. Then, the denominator on the right-hand side of

44 is less than 20202072

Suppose by contradiction that o + a2 is at least as large as when hs is not observed in period 3. Then,
by convexity of the square function, a? + a2 are also larger than before, since before the two were equal.
Then, the denominator on the right-hand side above is strictly greater than 0/202(02 +2(02 + a?02,)), what
it would be when h; is not observed. Given that the numerator is smaller than /202 times that in expression
8, a1 + a must be smaller than before. This also means that the total responsiveness of ws to previous

output is smaller than in the basic model of section 2.

Finally, we show that %Z’f also decreases. We have
owy 02+ oazoy, o2 +alo?,

— = . 45

dg1  o2+a202, +02 " o2+ alol + o2 (45)
If o is less than before, the result is clear from the inequality. Even if it is greater, ajas is less than

before, since a1 + as is less. Once agent, the fraction on the right-hand side is smaller in that case. O

Theorem 5

1. In the four-period model in which m is known from the beginning, a1 = as = ag = o™, where o™***

satisfies

0.2

k %3k sk — a . 46
“ o2 +3(02 + a o2, (46)

2. In the four-period model in which the agent learns m in period 2, the responsiveness of wages to output
is given by the expression in 25.

3. In the four-period model, Lwlz + %—Z’;, 881;14 + 881;24 + 881;;, %—t’;l, and 881;14 are higher when m is learned in

period 2 than when it is learned in period 1.

Proof:

1. First, note that after period 1, the principal’s beliefs about a and m are multivariate normal, with a
and m being negatively correlated. Though the proof of theorem 1 was for uncorrelated a and m, it is
easily adapted to a situation with correlation. Thus, as = as.

Now,
a 02 02 02 02
2 2 2.2 2 2 2 2 2
v a+ ai1m+ €1 . o, 0, +tajo, +o; o, +aiaso;, o, +araszor, (47)
= 2 2 2 2 2.2 2 2 2 .

a+ asm + €9 o o, + a0y, o, + as0;, +0; o, +ajazo;,
2 2 2 2 2 2 2.2 2

a4+ azm + €3 o o, + arazo;, o, + asa3o;, o, +az0;,, +0;

Let V denote the lower right-hand three-by-three submatrix of the above matrix. By the symmetry of
periods 2 and 3 in the determination of period 4 wage, we can write wy = bg + b1q1 + b23q2 + b23qs3
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for some constants bg, by, and bgz. Furthermore, ( b1 bag baz ) = ( 02 o2 02 )V L. Therefore
(b1 bag bag )V = (02 02 02) = (02 02 o2 ). Multiplying out this identity and using
that as = as gives biai(a; — ag)o?, + (b1 — bag)o? = 0.

From the agent’s maximization problem, a; and b; must have the same sign, so byc; > 0. This implies
that a3 — as and b; — bog are either both equal to zero or must have opposite signs. But, from the
agent’s maximization problem once again, oy —as and by —bog must have the same sign. This completes
the proof of this part.

€

2. After observing ¢q;, the conditional distributions of a and m are still independent normals. Therefore,
as = az = « follows from the proof of Theorem 1. Then, the variance-covariance matrix for the
determination of wy is

2 2 2 2
a oy oy oy oy
a—+ € 0’2 0’2 + 062 0’2 0’2
4 + + 2 2 2 1 0202 4 o2 2 4 o202 : (48)
a+am + € 0'% 0'% oy 2a qu ! o¢ 2% 2a20m ,
a+am + €3 oy oy o, ta‘or, o, tato,, + o0

We are looking for E[a|q1, g2, ¢3]. For that, we first need the determinant of the lower right-hand 3 by
3 matrix above. It is

(07 +02)(02)® + 202 (0 + a®al)) — 2(03) 0. (49)
Then, it is simple to derive the expressions we need.

3. First, consider the responsiveness of wy. There are two cases. If a < o***, then the result follows from
the following consideration. Start from the expression for d,d"”;f + d,d"”;; + d,d"”;;‘ when m is learned early

(model I). Subtract a***o2, from the denominator, multiply numerator and denominator by o2, change
the a***’s in the denominator to a’s, and finally add 20202, to both numerator and denominator. All
these manipulation increase the value of the fraction, and the end result is 88% + 88% + 88% when m is
learned late (model IT). Thus, we are done for this case. If & > o***, then it must be the case that the
denominator for ‘g—“’l“ + dd—w;‘ + dd—”“(’l’;‘ in model 2 is smaller than in model I. Since the numerator is larger
in model II, the result follows.

Now, consider the responsiveness of ws. If a > o***, the result is immediate. Now consider o < o***.

Since « is determined by

2,2
ka = 5 2.2 UQZEQ 2 2.2 27 (50)
(02)2 + 30202 + 2020202 + 2020202
a < a*** implies that a2(202 + 062) > 20(***062. Therefore
20202 + a?0?,(202 + 02) 20507 + 20702 (51)

(02)2 + 20202 + a?02,(202 4 02) = (02)2 + 20202 + 2a***2¢2 02

The right-hand side of this inequality is exactly %—ﬁ;ﬁ + 88—"”;21 for model I, whereas the left-hand side is

less then the expression for model II. Since %—Z’f + %—"“(‘1’; is higher, whereas %f is lower in model I, %—"“(‘1’;

8’(1}4

must be higher in model II. Finally, a1 is obviously higher in model II. O
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