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Abstract

We reconsider the job design theory of Holmstrom and Milgrom (1991). They maintain that
agents have limited attention and consequently tend to get distracted when they perform multiple
activities. An agent should only be allowed to pursue outside activities on company time when she is
“nancially responsible for the principal's output, they conclude. We o®er an alternative model of the
job design problem in which it may be optimal to permit outside activities despite weak incentives and
costly monitoring. When ~rms provide employees with a means for acquiring a reputation for high
ability, inside and outside activities can become strategic complements and increase overall incentives.
Similarly, when employment implies access to corporate resources that employees can utilize for
personal bene t, the employee increases e®ort in the inside activities in order to retain access to
those assets. We show that these synergies obtain in the employment of U.S. faculty members and

in the employment of agents in the English East India Company, a historically important ~rm.
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1 Introduction

The study of multitask principal-agent models owes a great deal to the seminal work of Holmstrom
and Milgrom (1991, 1994). By addressing the allocation of agents’ e®ort across a range of tasks they
expand the standard principal-agent model to analyze a wide array of contractual instruments including
incentive pay, asset ownership, and job design. In the area of job design their central nding can be
stated simply: \it is optimal to give the agent more freedom to pursue personal business when he is
“nancially more responsible for his performance™ (1991, p. 41). The result is intuitive and rests on
the idea that agents have limited attention. When outside (private) activities are allowed and the
agent does not have strong incentives to attend to inside (company) activities, he will redirect his
attention away from the principal’'s business and toward his own. The principal must balance the
trade-o® between the agent's lower e®ort and the lower wages required of an agent earning private
compensation on company time. Holmstrom and Milgrom (HM thereafter) emphasize that the weaker
the incentives in place, that is the less responsive the agent's wage is to changes in rm pro ts, the
greater this reduction in e®ort is. Hence allowing outside activities becomes optimal only when the agent
is nancially responsible for inside activities. The absence of performance incentives (which frequently
occurs where good performance measures are missing or where monitoring costs are prohibitive) renders
outside activities inexcient.

In contrast, we provide a theoretical discussion of the conditions under which these private activities
appear to be desirable even when strong performance incentives cannot be provided. Our basic model
involves two-periods and output being produced not only with e®ort (as in HM), but also with ability.
This set-up follows in the spirit of Holmstrom's career concern model (Holmstrom, 1982) which empha-
sizes the role of uncertainty about ability in inducing e®ort even in the absence of explicit incentives.
We assume that output is observable but non-veri able - implying that contracts can only specify an
uncontingent wage and whether outside activities are allowed. Despite not having explicit incentives,
future wages will reect expectations about ability. The agent will then exert e®ort in the rst period
to try to convince the principal and the outside market that she has high ability. In this framework the
~rm serves as a means by which agents can cultivate their reputation for high ability.

Our basic model assumes that outside activities require an initial investment in period one and yield
a pay o® in the second period. We show that when ability is known ex-ante or outside activities do not
depend on ability, the two tasks are substitutes and the results in HM obtain. In contrast, the same

is not true when ability is uncertain ex-ante and is an input into both inside and outside production.



In that case, the agent has an incentive to increase her e®ort in inside activities when she is allowed to
bene t from outside activities. Not only will the agent receive the reward of a higher wage from the
principal, but returns from the outside market increases when inside production increases, re°ecting the
higher expectations about ability. Allowing more freedom to the agent to exploit the returns from a
reputation for high ability increases the incentives to acquire that reputation in the rst place. We show
that the higher the dependence of the outside activity on ability, the stronger the synergies between the
two tasks.

We also explore the case where outside activities require e®ort each period instead of an investment.
Since output outside is being produced also in period one, this opens up the possibility of learning
about ability from the employee's outside activities, as well. In this case, when the two activities are
not technologically linked, allowing agents to trade privately can either increase or decrease e®ort in
inside activities. On one hand, the returns to acquiring a reputation increase, just as before. But now,
as a result of the additional signal about ability coming from outside, the learning process will not give
as much attention to inside production. E®ort inside will then have a smaller impact on reputation. We
show, however, that e®ort will be higher (1) the higher the precision of the signal about ability from
inside activities and (2) the more outside activities depend on ability. The introduction of learning to
the basic model ensures that the comparative statics derived from the basic model are robust and are
not merely by-products of the way in which investment connects inside and outside activities.

The model as it is speaks at the role of individual reputation in creating synergies between these two
activities. But such reputation e®ects can also arise from the observation of the employment conditions
of the agent (whether the principal decides to keep the agent or dispense of her services), rather than
individual production. To formalize this idea, we extend the model to allow for the possibility of
outsiders not being able to observe the principal's output. When inside production is non-observable,
the outside principal faces an asymmetric information problem - reducing the extent to which he will
be able to judge ability. In this setting, the inside principal can still signal agent ability by dismissing
poor performers. The ability to dismiss thus compensates for the impact of asymmetric information
on incentives. Agents will exert e®ort in inside activities in order to reduce the probability of being
dismissed. Job retention signals high ability to the outside market and increases the expected payo®s
from private trading. Despite asymmetric information, outside activities can again increase inside
incentives and lowers the cost of implementing a given level of e®ort.

While we have thus far considered reputational complementarities between inside and outside activ-

ities, we want to emphasize that other types of synergies can also prevail which have similar incentive



eRects. We explore the implications of an agent placing employer-owned assets in the service of outside
activities. By \assets" we have in mind those that involve xed costs and over which employees enjoy
substantial residual rights of control. The agent's private use of such company resources, a section of
o+ce space for example, does not impose a cost on the employer and does not adversely a®ect the
principal's production level. To the extent that the principal is aware of the private use of company
assets, she may actually want to sanction it. By allowing employees to use company assets for private
trade, the principal can lower the wages paid and also induce higher e®ort in inside activities. As before,
e®ort in the inside activities is ensured by the threat of dismissal. We show that when these assets are
valuable, the agent will strive for high output in inside activities so as to lower the chances of dismissal
and retain access to company assets. This nal variation of the basic model underscores the fact that
the synergies between private and company transactions can occur in several ways. Reputational and
resource complementarities are two such mechanisms. The synergies we describe, however, may in fact
arise even when the di®erent tasks are technologically independent.

Our model extends HM's analysis of the job design problem. They emphasize the role of an agent's
limited attention in creating a con®ict of interest when outside activities are allowed. Their multitasking
model has been supported in recent empirical investigations (on the e®ect of outside activities on contract
choice see Slade, 1996; on multitasking and incentives see Cockburn et.al., 1999; on multitasking and
the theory of the rm, Baker and Hubbard, 2002). However, we believe that, by explicitly considering
the possibility of complementarities between inside and outside tasks, a wider range of employment
settings can be explained. Furthermore, HM argue that outside activities should only be allowed when
the agent faces good incentives. Indeed, this principle applies more generally: discretion should only
be granted when there are strong incentives in place. Our contribution is to point out that discretion
might indeed be part of the incentive scheme.

Other authors have studied the problem of job design. Lindbeck and Snower (2000) focus on
technological complementarities: intertask learning-by-doing, and intratask learning. Meyer, Olsen
and Torsvik (1996) and Olsen and Torsvik (2000) study the interplay between implicit and explicit
incentives. The latter focuses on the restrictions on outside activities, and argue that the presence of
implicit incentives can reverse the comparative statics in HM. They o®er a model where implicit and
explicit incentives move in opposite directions, and the former dominate. As a result, when explicit
incentives decrease causes total incentives to increase, making it optimal to allow more outside activities.

Recently, Dewatripont et.al. (1999b) have studied a multitask career concern model similar to

ours. They explore incentives for government agencies and the e®ects of the scope of their missions



(the number of activities under their responsibility). Consequently they focus upon a model in which
all activities are symmetric and only total e®ort matters. How that e®ort is allocated among each
activity does not gure prominently in their analysis in contrast to ours. Moreover, future payo®s of
the agent (and hence incentives) equal expected ability. As a result, the number of activities does not
have a direct e®Rect on compensation.® In our framework, we depart from both these assumptions, and
consider asymmetric activities, with the rewards of the agent being dependent upon the restrictions on
private activities. It is precisely the di®erence in how the agent gets compensated in the second period
that explains the di®erent predictions we obtain: while Dewatripont et.al. (1999b) show that e®ort is
decreasing in the number of activities, our results suggest e®ort might indeed increase when the agent's
payo® re°ects her increased responsibilities.

To illustrate the ideas of the model, we discuss in detail two examples. First we look at the familiar
example of faculty employment in U.S. higher education. Faculty face a °at wage-incentive schedule
over the course of their careers and yet it is common practice to allow professors to complement their
scholarship and institutional duties with a wide range of activities outside of the university: consulting
to industry and government, public speaking, etc. As our model suggests, to the extent that a strong
scholarly reputation opens the opportunity to bene t from these outside activities, faculty will not
neglect their research output. This complementarity between inside and outside tasks is explicitly
discussed in faculty handbooks and in the policy statements of the American Association of University
Professors. We also present some evidence consistent with our model from the faculty subsample of the
Carnegie Survey of Higher Education 1969. Those faculty members with a stronger academic record
(measured by past publications), and those who spend more time doing research earn considerable
higher returns on outside activities, even controlling for ability.

Our second illustration, an important historical case, likewise does not accord with the HM result.
The East India Company (1600-1858) pioneered English commercial exchange with Asia. It played a
pivotal role in the development of the joint-stock, limited liability corporation and in the history of
corporate ~nance.? Anderson et. al. (1983) and Carlos and Nicholas (1988) have argued that in the
seventeenth and eighteenth century the East India Company was an organizational innovation on par
with a modern multinational rm such as General Motors. The Company stationed its employees (called

servants) in Asian cities to purchase pepper, textiles, tea, and other commodities for resale in London.

IThere is an indirect e®ect, since the number of activities a®ects the process of learning about ability.
2See for example Harris (2000) Industrializing English Law, Alborn (1999) Conceiving Companies, and Baskin and
Miranti (1996) History of Corporate Finance.



Based on our own archival investigations at the India O=ce Library (London), we have a constructed
a database that tracks the careers of every agent sent to Bengal, India in the eighteenth century. The
data enable us to comprehensively describe the employment relationship linking Company directors and
their overseas servants.

We nd that the Company o®ered servants, separated by more than seven months by sea, low wages
and a °at wage structure. The inability to closely monitor the activities of the servants and enforce
strong incentives would render, according to HM, any concession on outside activities inezcient. Yet we
observe that the Company allowed and actively encouraged the servants to conduct their own trades.
The correspondence between the Company director and agents show that the directors recognized and
supported the resource complementarities between public and private trade as described by our model.
Agents exerted e®ort in Company trade in order to avoid dismissal, ensure access to rm assets, and
increase the returns to private trade.

The rest of the paper is organized as follows. Section 2 provides a formal articulation of the job
design problem. We explore the optimality of allowing private trade and then study how our results
vary under di®erent assumptions. In section 3 we discuss the basic model in the context of faculty
employment in U.S. higher education. Section 4 describes the employment relationship in the English

East India Company and how we account for the observed contract design. Section 5 concludes.

2 Job Design: A Formal Account

In this section we provide a formal examination of the job design problem. We model the con-
ditions that would make allowing outside activities, such as private trade, desirable from a job design
perspective. We start with the setup of the model, and a simple case that contains the main intuition

of the paper. We then extend the model and relax the assumptions of the basic framework.

2.1 The Setup

A risk neutral principal hires a risk neutral agent for two periods, t = 1;2, to conduct public
trade.® In period t, output will be produced with the following technology: y; = ey + " + "t. Output
uses the agent's e®ort and ability, represented by e; and ", respectively, as the basic inputs. But there
is an additional random component, ;. Ability is uncertain, but both principal and agent share the

same (symmetric) information. The prior distribution of ability is normally distributed with mean =

3To avoid any confusion, we will refer to the principal as \he,” and to the agent as \she."



and variance %2, i.e. "¢ » N i‘; 3/42¢. The noise terms are assumed to be independent and normally
distributed, with 0 mean and variance %2, i.e. " » N i0; 3/4§¢. We will denote the precision (the inverse
of the variance) of each random variable by h- and h- respectively. The density of a random variable
having a normal distribution with zero mean and variance of 1 will be represented by A(t), and its
corresponding distribution by © (¢).

Output is assumed to be observable but non-veri able. Hence, no explicit incentive scheme will
be enforceable. We assume throughout the paper that there is perfect competition. As a result, the
agent's wage will re®ect her expected productivity. E®ort will a®ect the principal’'s and outside market's
perception of the agent's ability. And consequently e®ort will also a®ect her period two compensation
from both the principal and outside market. Incentives will then come from career concerns.

Besides the involvement in public (inside) activities, the principal might allow the agent to conduct
private (outside) trade. Such activity requires an initial investment (at time t = 1), denoted by i,
which is observable. And at period 2 it produces a value of v (i; ",). The function v (i; ",) is assumed
to be bounded, increasing in both arguments and concave in i. To guarantee an interior solution we
assume the derivative with respect to i satis es vij(i;") ¥ +1 asi ¥ 0. Since ability is uncertain
the actual return for the agent from the outside activity is E[v (i; ",) j outsider's information]. We
implicitly assume here that the agent obtains her rents from outside activities through another agency
relationship. The outside principal infers ability from the information available to him and compensates
the agent accordingly.

Since output is non-veri able, the agent will not face any incentive in the nal period. It then follows
that the optimal choice of e®ort at time t = 2, e5, will be a constant. Consequently, we do not need to
consider any explicit cost function for period 2. We will also drop the time subindex for e1, since only
~rst period e®ort will be relevant. Total costs for the agent at t = 1 will then be c (e; i), which is assumed
to be convex in both variables. We will look at two cases. Case 1: When c(e;1) = c(e + 1), with c(f)
being convex, the agent has limited attention (increasing e®ort in one task increases the marginal cost
of the other task). Following Holmstrom and Milgrom (1991), the agent will work to some extent even
in the absence of incentives. For that to be true, we assume the cost function is decreasing up to some
k>0, ie c(k) - 0, for all k - k. Case 2: With a separable cost function, c(e;i) = ce (€) + ¢; (i),
the two activities are unrelated.* We assume both ce (€) and c; (i) are convex, and marginal costs are

non-positive at zero: ¢ (0) - 0;c!(0) - O.

4In this case, whether we assume the cost functions are initially decreasing or not does not alter the our results.



The principal has two instruments to provide incentives to the agent. He can set a wage for each
period, fwy;w>g. And he can also design the restrictions imposed on the job, which in this case
corresponds to whether the agent is allowed to trade freely on her account. Let % 2 f0; 1g = 1 indicate
that the agent has been granted that privilege.

To sum up, we outline the timing of the model. The principal o®ers the agent a contract and, upon
acceptance, the agent is hired. The agent works during the rst period for a xed wage (paid ex-ante),
and invests in outside activities if they were permitted. Output is then realized. The principal forms
an expectation of the e®ort level of the agent, and together with the realization of output he infers a
level of ability. In equilibrium, such conjecture will equal the true level of e®ort chosen by the agent
(which in turn will depend on the e®ort level expected by the principal). In the second period, the agent
may be rehired and paid a xed wage depending on the reputation she acquired during the st period.
The second period employment and compensation conditions, however, will depend on the assumptions
regarding the observability of output by outsiders and whether or not contracts are renegotiated after

the rst period. These possibilities are explored in the following sections.

2.2 Observable Output

We start with the case of output being observable by the outside market. Because of perfect
competition, the agent is paid her expected productivity. This case corresponds to the career concerns
model analyzed by Holmstrom (1982). Given the principal's belief about e®ort, denoted by b, the agent
then receives wages w1 (B) = E [y1 j B] and wa (y1;B) = E [y2 j y1; B, where the expectation is taken with
respect to the posterior distribution of ~ and 2,.°

We start with the conditions under which HM's assertion that outside activities crowd out e®ort

inside hold. The agent solves the following problem:
maxfwy (B) 1 c(e+1)+ E-[w2 (yi;B) + % E[v(i;") jys llg @
)

where E-~[(] denotes the expectation with respect to 2;.°
In the st period, the agent receives a xed wage and decides the levels of e®ort and investment.
Output is realized and the second period begins. She then receives the second period wage (contingent

on ~rst period output), and, if applicable, the returns from the investment in the outside activity.’

5Throughout the rest of the paper, E [¢] will denote the expectations operator with respect to ~ and 2.
SNotice that from an ex-ante perspective, the second period wage is uncertain, since it depends on the realization of 2;.
"We have assumed that principal and outside market share the same conjecture about the e®ort level, b. This is without



E®ort a®ects expected second period returns through a higher probability of realizing a high output,
and hence inducing high expectations of ability. This yields the following ~rst order conditions with

respect to e and i respectively:

owa (18 Oy: ,,  BEIV(iT)jyill By
A% @e o Oy @e
E. 3/4¢@E[V(|;@i)1yl;b]

E- " (e + i) with e = 0 if inequality strict

" (e® + i) with i” = 0 if inequality strict

This condition simply states that marginal return should equal marginal cost in an interior solution. A
higher e®ort level will increase the odds of realizing a high output, and with it, the chances of acquiring
a reputation for high ability. The incentives to do so will come from the e®ects of an increase in ~rst
period output on future compensation, which is given by the expression in brackets in the rst equation.

We begin by studying the cases where ability does not play a big role. Suppose “; and ~, are
independent realizations of the previous distribution, or alternatively, they are known ex-ante. In either
case, the st period realization of output provides no additional information about second period
ability. Then, both E[y2jyi1; 8] and E[v(i;”) j y1; ] are independent of y;. The rst order condition
when no outside activity is allowed is then ¢’ (e) = 0, and the optimal e®ort level is k. However, when
the outside activity is allowed, i” > 0. Therefore, the condition with respect to e becomes ¢’ (e + i®) > 0,
and no e®ort will be put into public trade.

Similarly, when returns from the outside activity are independent of ability (i.e., v- (i; ) = 0) we can
write v (i). Then, E[v(i;") j y1;8] = v (i) is independent of y;. The marginal return to e®ort becomes
%ﬁlmw%& regardless of whether outside activities are allowed or not. However, when outside activities
are allowed the agent will choose a positive investment level and thereby increase marginal costs. This

results in the outside activity reducing e®ort inside. We summarize this in the following proposition:

Proposition 1 Suppose the agent has limited attention. Then, for a xed belief about e®ort b, allowing

the outside activity always substitutes e®ort away from the inside activity in the following cases:
i. ability is known
ii. ability is independent across periods (i.e., “¢; ", 1.i.d.)

iii. outside activity independent of ability (i.e., v- (i;”) =0)

loss of generality, since that will certainly be the case in equilibrium.



This proposition parallels HM's multitasking analysis of outside activities. Namely, since the agent

has limited attention, increasing the number of tasks she performs outside decreases e®ort in the tasks

that bene t the principal. Further more, %ye—l =1 and %ﬁ'f’) will be constant when "y =", =", as

we will shortly see. Then, when %yfmb] = 0, the previous rst order conditions reduce to the same
ones HM " nd for their static problem. Consequently, analogous results would apply to this framework:

as the career concerns incentives get stronger, outside activities become more desirable.

Persistent ability

We now turn to the case where ability plays a more central role. We will assume "y =", =", but
uncertain ex-ante.® Both principal and agent will learn about ability from the ~rst period output. So
will outsiders, since they can also observe output. We also ease the restriction that agents have limited
attention by using a separable cost function, to isolate the positive e®ects we emphasize.

The learning process that arises from our assumptions is well known. If we let the conjecture the
principal has about e®ort be b, the prior about ability will be updated with the signal y; j B="+",
which is normally distributed with mean ~ and variance %2. The posterior will also be normal, with

mean m = E [ jyi; B] given by:

m=® +(1i®)(y1ib),where®=h,+h"

The precision of the posterior distribution equals the sum of the precisions of the prior and the signal,
h- +he.

The agent still solves the same problem:
max fwy (B) i Ce (8) 1 Ci (1) + E-[wz (y1;B) + % EV(i;") jys; Bllg @

but with a separable cost function. Denote the solution to this problem by (e” (3%;8) ; i° (%; b)).
Expectations now re°ect the learning about ability. The second period wage isw, (y1;8) = E[y2 j y1; 8] =
® + (1 i ® (y1 i . Moreover, compensation from the outside activity is
Sy 2+ .. P
Ev(@7) iy e = v(i;")¢

h-+hetA((h- +h) (" §i m)ed

Introducing uncertain but persistent ability creates incentives for the agent to work hard to persuade

8The results would also obtain when “, & ~,, to the extent there is some persistence in the process that generates ~,.
In other words, learning about ~; provides information about .



the market she is skillful, since that results in higher future wages. The stronger the career concerns,
the stronger the incentives. Furthermore, in this case outside activities can become complementary to

and increase e®ort in inside activities, as the next proposition shows:

Proposition 2 Assume a separable cost function c(e; i) = ce (€) +¢; (i). Then, for a given belief about

e®ort, b, the following hold:

i. If v-(i;7) = 0, outside and inside activities are independent (i.e., e is not a®ected by outside

activities)

ii. If v- (i;7) > 0, the outside activity is a complement to the inside activity (i.e., the outside activity

increases e)

iii. If vi- (i;7) >0, e and i are strategic complements.

Proof. The rst order conditions to the new problem are:

CowOn®) By, EVG) vl B _
= Ty e T ey e . =© )

From the production function, it is clear that %;—1 = 1. Furthermore, we can calculate the e®ect of an

increase in " rst period output on outside activities by:

GA((h- +h) (" i m))

PENVG )iyl _ “ P

= V( W¢ ¢d'
@yl il 7 " @yl
= i@Qi®h +h)*2 V(i) eA((h +h) (i m))ed”
il
If we integrate by parts, we obtain:
2 _ ' o 3
@E[v(l@;) )iy Bl _ (15 ®)(h +h)i34 Rv+(|1 )wéf(hffh--)( Im’))Jil i 5
Y1 z i ;1 Vv (@7)CA((h-+h)( §m))ed
+1
= (1i® V- (i;’)¢ph' +h-tA((h- +h)(C § m))td
il

where the last step follows from the assumption that v (¢) is bounded and hence v (i; +21) tA(+1) =

v(i; 1) tA(jd)=0.

10



As a result, when v- (i;7) = 0 we have @E[V(@iﬂ;

# = 0. Part (i) of the proposition then follows,
since the marginal return and marginal cost of e®ort e are independent of %.

When v- (i; 7) > 0, the payo® from outside activities is increasing in  rst period output, %ﬁjyl;"] >
0. Now the marginal return on e®ort rises when % = 1, but the marginal cost remains unchanged. Con-
sequently, e®ort must increase and we get part (ii).

Finally, when vj- (i;7) > 0 the strategic complementarity follows from the supermodularity of the

agent's objective function (when % = 1):

o _ e MeENG )iyl e _
Qe@i @i @y1 @e
Z 1 o
= (1i® vi- (i;7)¢° h-+htA((h- +h:)(C m))ed >0
il

This concludes the proof. m

This proposition expresses the main result of the paper: when there is uncertainty about ability,
outside activities can come to complement incentives for e®ort in inside activities. As long as the
rents the agent obtains from outside activities depend on her ability, allowing them provides a stronger
incentive to acquire a reputation for high ability, since the agent's second period payo® varies with y;
to a greater extent. Not only she receives the bene ts of a higher wage from the principal, but also
outsiders will recognize her value, and compensate her accordingly. Outside activities provide the agent
with an opportunity to exploit her reputation further. Hence, increasing ex-ante incentives to acquire
such reputation. Moreover, if a larger investment in outside activities is more pro table for more able
agents, e®ort and investment become strategic complements. In other words, when e increases, the
likelihood she will gaining a good reputation is improved. This in turn provides more incentives to
invest in outside activities. Greater investment in outside activities still further increases the return to
acquire a good reputation, enhancing the incentives for e.

In the foregoing analysis we eased the assumption that agents have limited attention. We now
reintroduce the additive cost function in order to demonstrate that our comparative statics would

remain unchanged when outside activities increase the cost of e®ort.

Proposition 3 Assume there is limited attention, c(e;i) = c(e + i), and outside activities provide
value v (i; ") + -A (") to the agent, with - _ 0 and A (") increasing and bounded. Then, for a given
belief about e®ort, b, the agent's optimal response e” (b; % = 1; -) is increasing in -. Therefore, there is

o

a -” such that outside activities increase e®ort if and only if - _ -°.

11



Proof. See Appendix. m

When the agent has limited attention, the outside activity might reduce e®ort. The more the outside
activity depends on ability, however, the higher the variability of the agent's second period payo® as a
function of " rst period output. This responsiveness induces higher e®ort incentives and makes it more
desirable to permit outside activities.

We now turn to analyze the equilibrium. Given the optimal response of the agent to a certain belief
of the principal, €” (%; ), an equilibrium e®ort level is characterized by the equation e = e” (%;€e). We
will denote by E” (%) the set of equilibria as a function of the restrictions on outside activities. The

equilibrium e®ort levels have the following property:

Proposition 4 Suppose that v- (i;”) > 0, and the cost function is separable. Then, there is a unique
equilibrium when the outside activity is not allowed, e® (% = 0). Furthermore, when the outside activity
is allowed the e®ort level at any equilibrium increases: for any e® 2 E® (% = 1), ¢” > ¢e” (% = 0).

Proof. See Appendix. m

When outside activities are not allowed, the e®ort level chosen by the agent is independent of the
conjectures about e®ort. As a result, this will be the unique equilibrium. However, when outside
activities are allowed, it is not possible to guarantee a unique equilibrium. When investment and
ability are complements, a multiplicity of equilibria might arise. It remains the case, however, that any
equilibria will have a higher e®ort level when the outside activity is allowed than when it is forbidden.

Moreover, these increased incentives come at no cost for the principal.

2.3 Learning from outside activities

In the previous section we developed the basic argument using a model in which outside activities
required an investment in the rst period that paid o® in the second. This e®ectively ruled out the
possibility of learning about ability from the output on the outside activity, since that took place at
t = 2. We address this possibility by analyzing a model in which the outside activity more closely
resembles the inside activity. Instead of requiring a period-one investment, the outside activity, like
the inside activity, now requires e®ort each period. This learning framework will demonstrate that
the previous ndings are not a mere by-product of the particular assumptions relating investments to

outside activities.
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As before, there are two periods in which ability takes the same value ("; = 7,).° Output from
both activities is non-veri able, but observable to the principal, agent, and outside market. As before,
output in the inside activity takes the linear form y; = f(e) +~ + "¢, Wgere now F (¢) is a concave
function. Outside activities will pay o® v¢ = g (it) +° ("¢ + »¢), with »; » N 0;%2 , g (¢) is concave and
° _ 0. By assuming that the parameter © multiplies both “; and »;, we make the signal to noise ration
independent of °. This will turn out to be useful for separating the e®ects of a higher productivity
of ability and a more informative signal when doing comparative statics. The random variables ~;";
and », are all independent of each other. We will also assume a separable cost function. Later we will
discuss how the results change when limited attention is introduced.

We start rst by looking at the case where outside activities are not allowed. Again, m represents
the updated beliefs about ability at the end of period 1: m = E[" jyi;]. The updating process takes

the following form:

m=@® +(1i®)(y1if(b)),where®=h,+h"

b represents the conjecture of the principal and outside market about the agent's e®ort level.
Since second period e®ort is nil, m will also be the expected output, and hence the wage the agent
receives. First period e®ort will a®ect that wage through an increase in rst period output (which in

turn increases the expectation of ability m). She then maximizes:
max fwy i Ce (€) +m(e)g
which yields the " rst order condition:
Li®f ) =c(e)

To compare the equilibrium with the case with outside activities, we will denote these variables by
® (% = 0) and e” (% = 0). From this, it is easy to see that (1 j ® (% = 0)), and as a result e” (% = 0),
are increasing in h- and decreasing in h-. The higher the precision of the signal coming from st period
output (h-), the more weight the update of beliefs will put on it. E®ort, then, will have a bigger impact

on future wages, increasing incentives. The opposite will be true for h-.

9All the results in this section extend to the steady state equilibrium of the model with an in nite number of periods
as in Holmstrom (1982).
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We now turn to study the case where both activities are allowed. In this case, there is more
information available to update beliefs about ability. This new information can be combined to provide

a signal with which to update beliefs:
3 .
h-(y1 i e +h, Hdt

h- + h»

z1=E[ jyuwi]=

the precision of the signal being h- + h,,. The updating process becomes:
3 -
h-=+h(y i b) +h, Wil h-

m=@"+(1i®)z = h-+h +h where @ = e+ h

Therefore, having the two activities is equivalent to observing a single output, z;, whose precision is
the sum of the two. Hence the same analysis we had above carries through for z;. The agent's problem

becomes:
rrg:}xfwl icc@® ici(@)+@Q+°)m(e)g

The rst order conditions that determine e®ort in the inside activity and in private trade now become:

H h- T ) )
1+°) T hoh fe) = ce(e)

I-11+°'|TI-1 h,

0 /s — 0 (i
o h- + he + h» g (I) - CI (I)

The following result characterizes the conditions under which e®ort increases with the outside activity:

Proposition 5 Assume a separable cost function. Then, e® (% =1) _ e (% =0) ifand only if ° (h- + h-) _
h,.

Proof. Since the cost function is separable, we %nly need to nd the condition for the returns to e

to be higher with outside activities. That is: (1+°) e . 2. It is immediate to see this is

satis ed when °(h- +h+) _ h,. =

This result shows that under certain conditions, outside activities increase e®ort inside also in this
framework. However, this case opens the possibility for outside activities crowding out e®ort, even when
the marginal cost of eRort is not increased by the larger number of tasks. The reason being that output

from the extra activity provides a further signal about ability and hence less weight is put on output
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produced inside during the updating process. This is apparent from the fact that h/+ﬂ'_j+h» < h,*l;'h__.
E®ort e thus does not have as high an impact on the perception of ability. The positive e®ect remains
the same as before: the extra activity provides more opportunities for pro ting from a reputation for
high ability, since (1 +°) > 1. Whenever outside activities provide a poor signal about ability (low
precision h,), or are greatly a®ected by ability (high °), outside activities increase incentives for e®ort

e.

Finally we brie°y describe how the results change when we introduce limited attention in the model.

The st order conditions when the cost function takes the form c (e;i) = c (e + i) become:

M il
(1+°) ﬁ ') - c'(e+i) with e =0 if inequality strict
My o
s h + h» s g"(i)) - c'(e+i) with i” =0 if inequality strict

The following result makes clear the same intuition of the separable cost case still goes through here:

Proposition 6 e° (% = 1) is increasing in both h~ and °. i (% = 1) is increasing in h, but decreasing
in °. Moreover, ° (h- +h+) _ h, is a necessary condition for e (%2 =1) _ e° (% =0), but it is not
always su=cient.

Proof. The results follow from the supermodularity of the agent's objective function in (e; ji;°;h-; ih,).

If outside activities reveal little information about ability (they have low precision) or if outside
activities depend on ability to a great extent (° large), then outside activities increase e®ort in the
inside activity. When h,, is small, outside activities are not a very useful measure of ability.1® Therefore
they receive little weight in the updating process, reducing the incentives for i. Also when ° is high,
e®ort in outside activities has a small e®ect on the3update of beliefs (1=°). This translates into an
increase in total wages next period on the order of 1% whereas e®ort in inside activities obtain a
return proportional to (1 + °).

The outside activity might still be bene cial for incentives. However, since limited attention intro-
duces yet an additional negative e®ect, the condition required might become stronger. Indeed, that
will be the case whenever i® > 0, since this strictly increases the marginal cost of e. But even when

i =0, °(h- +h+) _ h, might not be suzcient. To see this consider the case where f () =¢e;g (i) = i.

10This is not to say that ability is unimportant for outside activities, since that is determined by the parameter °.
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It is immediate to see that, because of the constant returns to scale technology, the agent will only

put e®ort in the most productive activity.! The condition that %uarantees,that e® >0 is °h~ > h,.

When this is satis ed, i* = 0 and e” solves the equation (1 + °) h+

- = c'(e). Moreover, the

condition °h- > h, is stronger than that for the separable case, ° (h- +h-) _ h,, and guarantees that

(1+°) pomrem > pivpe- Therefore, we obtain that e® (% = 1) , e° (% = 0) if and only if °h- _ h,.

2.4 Non-observable Output

In this section we consider the case where outsiders cannot observe the ~rst period output in inside
activities. The reason for that is twofold. First, we check the robustness of our results to alternative
assumptions. But most importantly, new insights arise in this case. Now, the reputational e®ects will
not come from individual output, but rather from the employment condition (whether the agent is
dismissed after the rst period or not).

The non-veri ability of output creates a problem for the transmission of information to the market
when outsiders cannot observe the rst period output. Without any information, they would have to
expect an average ability level from the agent. In principle, when outsiders do not observe output they
cannot adjust their compensation (on outside activities) to the new information generated. Moreover
this information asymmetry translates into a de facto departure from perfect competition. Job termina-
tions can compensate for informational imbalances, however. When dismissals are correlated with ~rst
period output, they provide a mechanism to transfer (at least partially) information to the markets. By
applying dismissals, we extend the results of the basic model to the case where outsiders are uninformed
about rst period performance. Since some degree of information still goes to the market, an analogous
result to proposition 2 will hold.

We will consider long-term contracts specifying a wage pro le fw;; w,g and the restrictions on outside
activities, ¥% 2 f0;:1g. Finally, the principal can decide to dismiss the agent after the rst period, if he
nds it appropriate. If termination of the relationship occurs, principal and agent enjoy a last-period

payo® of 0 and u _ O, respectively. The agent will be able to obtain a wage equal to her expected

productivity in the market. Moreover, the agent can still obtain the rents from outside activities if they
were allowed in the rst place (i.e., % = 1), even if there is termination of the relationship after the
~rst period. This results in an outside option (for period 2) of u = E [y, j outsider’s information] + % ¢

E [v (i; ") j outsider's information].

Hwhen both activities are equally productive, the agent in indi®erent about the allocation of e®ort between the two
tasks. Only total e®ort is uniquely determined in this case.
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We consider two polar cases here. First, the initial contract cannot be renegotiated ex-post (after the
realization of the "rst period output). Alternatively, principal and agent might not be able to commit
not to renegotiate when mutually bene cial. In the latter case, the principal will be assumed to have
all the bargaining power.

Throughout this section we will assume that with some positive probability, ¢, there will be an
exogenous termination. In case that occurs, both principal and agent will exercise their outside option
in the second period. This will be suzcient to guarantee that some dismissals will occur after the rst

period, as the following lemma shows.

Lemma 7 Suppose that a fraction ; > 0 (small) of agents leave the principal for exogenous reasons.
Then, there is no equilibrium in which no dismissal takes place (i.e., the agent gets laid-o® after the
“rst period with positive probability).!?

Proof. Suppose the agent never gets dismissed. Then, whenever an agent leaves the principal, the
market will believe it is for exogenous reasons, and will assume an average level of ability. Similarly,
when the agent stays with the principal for a second period, the market learns nothing about ability.
Hence, the posterior distribution of ability for the outside market will equal the prior in both cases.
The market wage in the second period for someone leaving the principal will then be W, = E [y;], and
output from outside activities will be E [v (i; ")]. However, if the agent stays inside, output is expected
to be E[y2 ] y1; 8], which is smaller than E [y,] for y; low enough. And outside activities would still
pay E[v(i;”)]. It is easy to see the principal would not be willing to match the o®er from the outside

market, and termination will occur after a low realization of the ~rst period output. m

As a result, we will only look at the case where dismissals occur with positive probability. Outsiders
will hold beliefs about ability that will depend on the employment conditions of the agent (i.e., whether
he works for the principal or not at t = 2). Since the principal's expectations about future output
are increasing in yj, it is immediate to see that for a xed belief about ability the outsiders have, the
optimal rule is of the following form:

8
Syi< y ) agent dismissed

"y y D) continuation

121f we assume the principal can hire another agent in the second period from the outside market, the same result would
go through even when markets are not prefectly competitive. To see this, let W> be the market wage when nobody gets
dismissed in the ~rst period, and the markets learn nothing about " rst period performance. Then, if the agent leaves, she
gets W2 (+E- [v (i; 7)]), and the principal would hire another agent, making a pro t of E- [y2] i W2. Total surplus is then
the same as for the competitive case. Hence, termination is optimal, as shown in the proof.

17



Outsiders will then expect such policy. Therefore, we can summarize the principal's dismissal policy by
y, and the market's conjecture about such policy by §. In equilibrium, y = .

Principal's posterior beliefs about ability will take the usual form. However, outsiders only observe
the outcome of the binary signal consisting of the employment condition: s 2 fin;outg. Denote the
density of the posterior distribution by T I ib kg s¢. Then, the updating of the prior normal distribution

takes the following form:

3 -

- ¢ ; .
i ¢ Pr'inj';b;b A L
f " jpbin = — ¢ 5
b Priinjpb s - ©)
- ¢ B -
: ¢  Prloutj gk tLA L
f " jpbout = — ¢
= Pr outjg;b

i ¢
Given the conjectures about the e®ort of the agent, and the policy of the principal, Pr Iinj “ipb s
the probability the agent is employed at t = 2 provided she is of known ability . This will happen
a

i ¢ ©
when thog noise3term "1 Js large enough. In particular, Pr Iinj e = ie)Pr "1 _obibiT =

- i ¢
lij¢) 1i®© % . Pr Iinjg;b is the prior probability of the agent being employed at t =
2. This will now happen when the sum of the realizagions of3abi|ity,,and noise are Iarg((éI enough:
i ¢ © a -
Pr'injg;b =@igPry "+ bil = 0ie) 1i© %:.i', , where ey = %2 + %2,

i .. ¢ pibi~ | . Pibi~
Then, Prooutj ;b = ¢ +(1i¢)O = and Prooutjg;b = ¢+ (1i¢)© 5 arethe

complementary probabilities.

Since only those who obtain a high output get to the second period, we would expect to see a
\better" distribution of ability among these agents. In the appendix we formalize this intuition. We
show that the posterior distribution that arises after s = in rst-order stochastically dominates the
posterior distribution after s = out. Therefore, the expectation of any increasing function of ~ will be
higher under the former than the latter. Moreover, the posterior distribution that arises after s = in
with conjecture §  rst-order stochastically dominates the posterior distribution when the conjecture is
QO, aslongash QO. In other words, as the dismissal policy becomes more stringent a better pool of
agents is selected. The same is true when the signal is s = out (i.e., increasing the dismissal threshold
improves the distribution of agents that get red, in a rst-order stochastic dominance sense). This will

prove useful to derive the results that follow.

No renegotiation case

After these preliminaries, we can now start studying the case where no renegotiation is possible.
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Since the second period wage cannot be altered, the dismissal policy is simple: there is continuation if

and only if wp, - E[y2jy1;8]=® + (1 j ®) (y1 i ). The cut-o® will satisfy:

W2 ®"
1i®

i ¢
Wz=®‘+(1i®)'xib Dy= +b

Notice this cut-o® is independent of what happens with the outside activity, and of the outsider's
conjecture about the dismissal policy. It is uniquely determined by the second period wage, and the
e®ort conjecture. Hence, this will also be the equilibrium dismissal policy (after imposing y = ). In
particular, the equilibrium dismissal policy will only depend on w» and b, but not on whether outside
activities are allowed.

£ o £ o
The outside option of the agentisu =E y,jy;bout +%¢E v(i;")jy;bout. The prgbabili;y
- a © - a

she gets red and exercises the outside option is Pr y; <y =Pr— “+" _yje =0 %/::'e
The objective problem now becomes:
Yo . “y e e‘IL Ya
max wi(® ice(@ici(+u+(1i¢) 1i®© —:/—' t[Ew, + %t CV] (6)
el 4
£ o £ ... o E o
where ¢w, =w; j E y2jy;bout ,and ¢v=E v(i;")jy;&in § E v(i;")]jy;Bout.
The st order conditions for this problem with respect to e and i are:
(TR ||
- il .5 i 1€ _ 0
(Lje)tot-cA R t[Ewy + %t V] = cg(e) )
o -
£ o ok yi<ien .
WE vi(i7))jy;Bout +(1j¢) 1i®© —3/4— thtev; = c?(l) (8)
+

where ¢v; = EEVi (;7)iy; b inIJ i EEVi (;7)iy; b outa.13

When v- (i; ") = 0, outside activities do not depend on ability, and as a result, ¢v = 0. It follows
from the rst equation that e®ort is independent of %. However, when v- (i;”) > 0, the rst-order
stochastic dominance of the distribution after s = in over the one after s = out implies that ¢v > 0.
Compensation from outside activities is then higher when the agent remains working for the principal

in the second period. And incentives for e®ort increase, just as in the basic set-up.

Renegotiation case.

We now turn to the case where renegotiation is possible whenever both parties agree to it. Just as in

B3\We assume throughout that the principal sets a wage such that ¢w, + %t ¢v _ 0. Otherwise, the agent would leave
after the ~rst period for the outside market.
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the previous case, if wo - E[y2 ] y1; B] there will be continuation. Moreover, since both parties agree to
transact for the second period, there will be no renegotiation.’* However, when w, > E [y j y1; b] there
will not necessarily be a dismissal. We will denote the new dismissal cut-o® by y, and the corresponding
conjecture made tiy outsiders by 2 To the extent thehsurplus fromI continuétion, Ely2]j yl;tla] + %t
E v(i;")jk b in , is larger than the outside option, E y, jk;bjout +%¢E v(i;”)]jk; bout , there
will be ren;gotiation. The cut-o® for the dismissal policy ;vill now be lower than t?le one for the
case without renegotiation. It will be determined by the point at which both principal and agent are
indi®erent between continuation and separation. At that point, the surplus will vanish:

h i h i h i h i
E y2jy;b +%0E v(i;7)jEin =E y2jhibout +%C¢E v(i;”)]jh; b out
h i
and the renegotiated wage will be W = E vy, j y;B . This will make the agent indi®erent between
accepting the renegotiated contract and going to the outside market.
In equilibrium, the outsider's conjecture about the dismissal policy is correct,  =y. The equilibrium

cut-o® will come from the solution to the following equation
h i h i h i h i
E y2jy;b +%EE v(i;7)jy;Bin =E y2jy;bout +%¢E v(i;")]jy;bout 9
h i S -
Trple left-hand sideiof the equation is increasing in Y, since both E > | y; b =@ +(1j® Yi b and
E v(i;7)]jy;&in are. Similarly, the right-hand side is also increasing in y. However, in the appendix
we show the_re is a single value of y that satis es the previous equation. As_a result, the two curves will
intersect only once, and the equili_brium dismissal policy is unique for each possible value of %. Notice,
however, that the value of y will depend on the initial investment of the agent and whether the outside
activity is allowed, y (i; 3/4)._Moreover, since i and % increase the left-hand side more than the right-hand
side, they provide r;ore incentives to renegotiate. As a result, y (i; %) is decreasing in both arguments.
To simplify notation, we will drop the arguments (i; %), except_when necessaryh i
Wheny; _ y no renegotiation will take place and the agent obtains wo+%(E v (i;7) jy; & in . When
y1 2 [l; y) renegotiation will occur and when y; < y the ag?]nt gets ijismisser(]j. From t_he as?umption
that the principal has full bargaining power, the agent gets E > j y; b +3ﬁ¢E Vv (ii' i Y; b;in in these
last two cases. The di®erence between both these payo®s is thenw; j E y2jy;b .

We do not allow for renegotiations to take place when their only purpose is to redistribute rents from one party to
the other. In such a case, one of them gets hurt, and would rather continue under the terms of the previous contract.
Renegotiation will only take place when both parties bene t from it.
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The objective function of the agent now becomes:

Y TN | %

max wi®ic@ia®rur@io 10 L iew ey o)

3/4"+'

h i h 3 “i
where Cwp; +%tCv=w;  E yojy;b =wx § ® +(1j® yib . Itimplicitly dependsoniand
% through y. It follows that ¢w; + % ¢ ¢v, and hence incentives for e®ort, are increasing in % (since y

is decreasing in the same argument). Outside activities again increase e®ort in inside activities.
We summarize the results for both cases in the following proposition:

Proposition 8 Assume a separable cost function c (e;i) = ce (e) +c¢;j (i). Then for a xed wage w, and

belief about e®ort, b, the following hold both when renegotiation is possible and when it is not:

i. If v-(i;7) = 0, outside and inside activities are independent (i.e., e is not a®ected by outside

activities)

ii. If v- (i;7) > 0, the outside activity is a complement to the inside activity (i.e., the outside activity

increases e)

iii. If vi- (i;7) >0, then e and i are strategic complements.

Proof. See Appendix. m

As in the observable case, we can also consider the equilibrium e®ort level. When outside activities
are not allowed, the equilibrium is unique, despite the fact that now e®ort will not be independent of
the conjecture about e®ort. Furthermore, any equilibrium e®ort when the outside activity is allowed is

still increased.

Proposition 9 Suppose that v- (i;”) > 0, and the cost function is separable and su=ciently con-
vex.1® Then, for a “xed wage w, there is a unique equilibrium when outside activities are not allowed,
e” (wp;% = 0). Furthermore, when outside activities are allowed the e®ort level at any equilibrium, , is
increased: for any e” 2 E” (wp;% = 1), e” > e (wy;% = 0).

Proof. See Appendix. m

15We make this assumption more precise in the appendix. It is required to guarantee the solution to the agent's problem
is continuous in b, and therefore, an equilibrium e®ort level exists.
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A low realization of the rst period output signals low ability. The principal then has an incentive to
dismiss those who perform poorly. This motivates the agent to exert e®ort in order to avoid dismissal,
and obtain the second period wage. Furthermore, when outside activities are allowed, there is yet
another good reason to avoid dismissal. Such outcome would be viewed very unfavorably by the market.
Not only would the agent lose the second period wage, but also the prospects of obtaining high returns
on outside activities would vanish. Gaining a good reputation with the principal therefore has spill-
over e®ects on outside activities. For a xed second period wage, then, incentives are increased. Or
alternatively, the cost of implementing a particular e®ort level (in terms of second period wage) falls

when outside activities are allowed.

2.5 Use of Company Resources

So far we have stressed the complementarities that arise between inside and outside activities
when reputation e®ects are important. In general, incentives will increase whenever the compensation
received on the outside activity varies with the performance on the inside activity. Reputation is just
one such mechanism that generates this e®ects. But certainly not the only one. In this section we show
how access to company resources can have similar e®ects to the model based on reputational capital.
The ability to use company resources for private purposes is often regarded as an informal perquisite
rather than a formal incentive instrument. The use of one's oZce phone or the company car for one's
personal business may be the most commonplace examples. Less obvious are examples in which the
asset is speci ¢ to the rm and becomes unavailable upon job termination. Customized software and
equipment, access to clients, corporate reputational capital and other resources may all be formally
available to an employee provided she remains attached to the rm. When these resources are costly to
obtain in the market, access to them can provide a strong inducement to inside work e®ort.

We will assume here that production in outside activities requires e®ort every period and is indepen-
dent of ability. Alternatively, the pro tability of those activities depends on the use of an asset owned
by the principal. Formally, the value generated by outside activities equals v (i;a), where a 2 fA; ?g.
Since the principal owns the asset, a = A only when working for him. The use of the asset enhances
the value of outside activities, resulting in v (i; A) > v (i; ?) for all i.

We will denote by v° (a) = max; fv (i;a) j c; (i)g the value of the outside activity in a single period.
Let 4 = v7(A) i v°(?) represent the value for the agent of the use of the principal's asset. The
principal has the option of hiring another agent for period 2 in the outside market. Because of perfect

competition, in the absence of any asset, this would result in a zero pro t for the principal. However,
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any prospective agent would accept a reduction in wage up to % to work for the principal. This will
then be the second period outside option of the principal.

We again can consider two cases. If no renegotiation can take place, the agent gets to continue until
t = 2 if and only if expected second period pro ts exceed %: E[y2jy1;B] i wo _ %¢%. The dismissal
policy will be determined by the equation E£y2 1ys lﬁ)n = wp + %t %. Upon dismissal, the agent will

Q
receive U =E Yy, jy;bout +%¢v®(?). The problem of the agent becomes:

Yo . uy_,__e‘IL Ya
max wy (8) + V" (A) i Ce (@) +u+(1i¢) 1i© 2L 17 glew, + %t ey (12)
M

Yjoy -

where ¢w, =w;, j E £y2 jy: b outn, and ¢v=Vv"(A) j v (?)=%>0.

Since ¢v > 0, it follows that allowing the outside activity increases incentives. Higher eRort increases
the probability of being rehired in the second period. This will result in an increase in wage ¢w, with
respect to the outside market and continued use of the principal's asset. Being dismissed would result
in a loss of % on those activities.

When we introduce the possibility of renegotiation, the agent will only get dismissed when the
surplus from continuation becomes negative. As in the previous section, there is no renegotiation when
y1 . y. Foryi 2 [y;y) renegotiation will take place, and after y; <y the agent gets dismissed.
y is determined by the same equation for the no renegotiation case: E=£y2jx; ta!J = w, +% The

cut-o® for a disrr]‘nissal isi such that both principal and agent arehindi®erent ki)etween continuation and
termination: E y2jy;b i wl = 3@1% andisz +3r/;1¢v“ (@ = EI y2jy;Bout +%¢v® (). Combining
both equations, it follor\{vs that E ¥2j¥;b =E yzjl; b;out characterizes y. The agent's outside
option becomes u = E vy j Y; bjout +%¢v° (’??]. The aigent still solves the same problem (11), only
that now Cw, + %t v =w, WX (%) =w2 i E y2j y;® + %%, Again, allowing the outside activity
increases the variance in total second-period compensation by %. Following dismissal (or renegotiation),
the agent not only looses the wage w-, but also the rents from outside activities that emerge when using
the principal’s asset.

In both the no renegotiation and renegotiation cases, for a xed second-period wage incentives
rise after allowing outside activities. The cost of providing incentives falls when outside activities are
permitted.

When the agent's compensation from outside activities depends on the performance on inside ac-

tivities, synergies arise among the di®erent tasks. We tried to show that this can occur for several

reasons. We have stressed the importance of reputation building and the use of company resources as
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two channels through which these incentives appear.

3 Job design: contemporary examples

In this section we describe several modern examples, with a special attention to incentives in
academe. They suggest that an analysis based solely on con®icts of interest might not give us a full

understanding of job design problems. Incentive e®ects of outside activities are also present.

3.1 U.S. Higher Education

Our model gives some new insights on the role of outside activities in the provision of incentives to
faculty in U.S. higher education. It is a common practice to allow college and university professors to
engage in remunerative outside activities such as outside teaching, sponsored research, consulting, public
speaking, and other projects related to her ~eld of expertise. That colleges and universities are actively
interested in the allocation of e®ort between inside and outside activities is evident in policies governing
faculty consulting, privately sponsored research, con®icts of interests, and the like. Some universities
require department chairs to be noti ed of and to approve all faculty participation in outside activities.
Others insist that a share of external grants received go to the university. Such policies testify it is of
course possible that some non-university activities may place competing demands on a faculty member's
attention, as HM suggest.

At the same time, the reputational mechanism proposed in our model also seems to play an im-
portant role. Success in employer-centered tasks, for example a solid record of scholarly achievement,
signals high ability to outside employers and may have a corresponding positive impact on private,
non-university, options. Therefore, the availability of such outside options may encourage greater e®ort
in public activities (which may in turn lead to greater outside rewards). Such synergies between a fac-
ulty member's inside and outside options are also explicitly acknowledged in most universities' faculty
handbooks.

In order to examine these predictions in some more detail, we analyze the faculty subsample of the
Carnegie Survey of Higher Education. This survey was conducted in 1969, to gauge the opinions of
academics, and their in®uence on policy. We use this data because, despite being over 30 years old,
it provides detailed individual information on, among other variables, income from outside consulting,
as well as the allocation of e®ort among di®erent tasks for 20,008 respondents. Table 2 describes

the data we used, after dropping those observations with missing values in the variables of interest.
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On average, about 60% of faculty members do some consulting, the great majority of them spending
less than 10% of their time. Among the di®erent groups, business applied (containing engineering,
business and agriculture) and social scientists are among those who do most consulting (66.22% and
61.15% respectively). In the same table we also see the source of income from di®erent outside activities.
Teaching is the major source for most of the groups (except for business applied), followed by consulting
and research salaries.

If we look at the link between academic and outside activities, we do see in table 3 that it is indeed
very strongly signi cant. In it, we regress the income from outside activities (as a fraction of the basic
university salary) on a measure of research e®ort. We include controls for the institutional salary and
the amount of time spent doing consulting and private practice. And we also use several proxies for
ability, with an index of the quality of the university of teaching appointment, and controlling for the
university where the highest degree was obtained and the rank. We nd that those faculty members
who spend more time on research indeed receive a larger compensation from outside activities, as the
theory would suggest.

In tables 4 we disaggregate these results by type of major source of outside income. The result
is robust for most types of outside activities. The only exception comes from those academics whose
primary outside activity consists of private practice. For them we see that e®ort in research comes at
a cost of a lower outside income. But for the rest of categories, the reverse is true. Both academic
reputation and e®ort in research are important determinants of income from outside activities.

Finally, in table 5 we show the relationship between e®ort in research, consulting and private prac-
tice. We can see that those who spend more time on consulting also exert more e®ort in research
activities, whereas the time spending on a private practice is negatively related (although not statis-
tically signi cant when the controls are included in the regression) to research e®ort. Overall, these
results are consistent with our theory, suggesting that the particular synergies we emphasize do play an

important role.

3.2 Other examples

Other professions also place a similar emphasis than academe on the trade-o® between con®icts of
interests and reputational synergies when dealing with outside activities. That is the case in journal-
ism or among librarians, for instance. The Association of Colleges and Research Libraries writes, with
respect to rare book, manuscript, and special collections librarians: \Certain types of outside employ-

ment, including teaching, lecturing, writing, and consulting, can be of bene t to both the institution
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and the employee by stimulating professional development. Consequently, special collections librarians
should be encouraged in these activities."

There have been advocates calling for the use of a two-track system for high technology companies,
specially in research and development (see O'Kelley, 1978). These are jobs that require the services of
highly quali ed technicians and engineers. And in such a system, agents would pursue a career inside
and outside the company, much in the spirit of our model. On one hand, as part of the organization,
they are able to contribute to the rm. But at the same time, by being able to participate in outside
professional activities, they are more motivated by being able to obtain outside recognition, and reap
the rewards of a strong professional reputation.

Many professional athletes, also, have started restaurant chains, starred in motion pictures, written
autobiographies and pursued numerous activities while being active players. Even though they certainly
face very strong incentives to continue improving performance, being a star athlete has obvious positive
externalities for their private business. It seems natural, then, to see these outside activities as an

important factor driving their motivation, much in the spirit of our model.

4 Job design: an historical account

The case of the English East India Company should have been an exemplar of the principle\( nancial)
responsibility and authority should go hand in hand"™ (Holmstrom and Milgrom 1991, p. 41). As in
the case of faculty employment, we nd instead low explicit incentives to exert eRort in inside activities
plus the provision to trade privately. Our discussion refers mainly to operations in the rst half of the

eighteenth century.

4.1 Overview of the employment relationship

Our analysis focuses on roughly the rst half of the eighteenth century, 1700-1757, when the Di-
rectors (located in London) appointed 318 employees or servants to Bengal, the Company’s principle
input market.1® In India the servants engaged in a variety of transactions directed at the provision of
the \investment' and management of Company assets.}’ Examples of such transactions included con-

tracting with indigenous merchants for future delivery of cotton piecegoods, minting and disbursing the

®For a more detailed account of the employment relationship in the EIC and a full description of the archival data see
Hejeebu (2002). Chaudhuri (1978) describes the organization of the Company and its trading system. Marshall (1976)
documents the private trade of servants in India.

"The Company referred to its "investment" as the goods that were purchased in India and later sold in London. Because
the English produced few goods demanded in India, they traded bullion for Bengali textiles, raw silk, and saltpetre.
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Company'’s treasure, repairing and maintaining the Company's buildings and grounds, and negotiating
with the Bengal governor or his representatives. The challenge facing the Directors was to prevail upon
the servants to undertake those tasks in a cost minimizing manner.

Two main factors undermined the Directors’ ability to do so: the distance separating the two parties
and the mortality risks faced by the servants. The outbound voyage took from 7 months to a year. Total
transportation time by sea, therefore, was between one-half and two years. This was the length of time
required for goods and information to reach the Directors. Such lags implied signi cant bottlenecks in
information “ows. News came infrequently and could not easily be corroborated by independent sources.
The close accounting of transactions in Bengal were produced by senior agents outside the purview of
other agents stationed elsewhere in India, such as Madras and Bombay. The agents' tight control over
information reaching directors implied that the truth-value of reported costs of transactions in Bengal
was established in London at least seven months later by persons who had no direct experience in India.

Consequently it is not surprising that the formal contracts, called \covenants of indenture," were
incomplete: they did not clearly specify expectations of the employee in a variety of states. Despite
their great length, restrictive tone, and careful wording of legal rights and responsibilities, the contracts
reveal that the Directors could neither anticipate nor operationalize a best response for the wide va-
riety of market transactions the servants would encounter. Both the initial contracts and the ongoing
correspondence left a great of decision-making in the hands of the servants in Bengal. For example, in
a letter to the Bengal President and Council, dated 11 February 1731/32, the Directors write, \Having
thus far acquainted you with our thoughts by ordering some things positively and leaving others in
a manner to your own discretion, we expect as to the rst a strict compliance and to the last your
reasons why you di®er from us in opinion™ (para. 126). The Directors referred to their procedural rules
as \positive orders." Although they expected close adherence to the \positive orders" they provided
the following caveat \If hereafter any unforeseen accident happens of the like kind, to render a strict
compliance of our orders impracticable, we shall never be displeased, if upon mature considerations you
take such measures as will make the disappointment most easy to us, in respect to our pro ts here,
which you must be tolerable good judges of" (para. 77).}® Both the initial contracts and the ongoing

correspondence left a great of decision-making in the hands of the servants.

18The 42-paged letter of 11 February 1731/2 belongs to a set of twenty years of correspondence examined for this project.
Typically the early years of each decade in the period were chosen. For each year there was at least one General Letter to
the President and Council. The letter of 11 February 1731 was written shortly after dismissing President John Deane for
persistent returns of low quality goods. The letter reveals the Directors' frustration with Deane's successor and illustrates
the range and depth of information problems.
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The second exogenous constraint on wage incentives was the high degree of mortality of Europeans
in Asia. Using life table analysis, Hejeebu (1998) reports that for the cohort of employees entering
the service between 1700-1724 the chance of dying within the rst ve years was 31%. The chance in
the next years was 38%. For the cohort of servants entering between 1725 and 1749, the probability
of dying in active employment was 26% in the rst ve years and 44% in the second ~ve years. The
median length of service was just 9 years. The high mortality rates most likely biased the interests of
the servants towards pursuing their own short-term objectives, rather than the long-term interest of the
Company.

The incentive scheme in the English East India Company speci ed in the actual contracts involved
a xed annual salary, room and board, promotion based on strict seniority, and the privilege of trading
within Asia.l® Overseas employees were grouped into four ranks of increasing responsibility: writer,
factor, junior merchant, and senior merchant. A writer earned $5 per year. After 5 years he was
promoted to the rank of factor and received $15 per year. After 3 years he quali ed for promotion to
junior servant at $30 per year. After another 3 years he could become senior merchant earning $40 per
year. These salaries were paltry by the standards of the other chartered companies and by the standards
of middle class England in the eighteenth century (Carlos 1994, 324; Carlos and Nicholas 1993, 245;
Williamson 1982, 48; Langford 1989, 63; Grassby 1995, 258-262). Williamson (p.48) estimated that in
1737, barristers and solicitors earned annually $ 178 and bank, commercial, or law clerks $68. Langford
(p.63) suggests that middle class membership would require an annual family income of at least $40
per annum, obtainable in the Company's service only after 11 years. The odds were against an agent
surviving that long.

Instead of demanding \ nancial responsibility" the directors permitted private trading. Servants
were allowed to trade freely within Asia but were forbidden from trading between Asia and Europe.
Private trade injected an entrepreneurial element in the servants' and thus the Company's activities. As
Watson (1980, 77) describes, the Company came to believe that \the advantages of a thriving private
trade in the Indian settlements lay in the attractions for population, which in turn led to better defensive
postures and increased revenues through civil levies, quit rents, ground rents, and customs duties.” In
addition to permitting private trade, the Directors after 1714 provided a mechanism for remitting money
home: bills of exchange. The bill simply transferred money from employees in Calcutta to bene ciaries

in London. In a letter to the Directors in 1716 Joseph Collet explained that servants found the Company

®Hejeebu (2002) provides a more extensive discussion of the contractual issues in the Company plus a full description
of the archival data.
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bills desirable \for sake of security and speedy payment and because it would be a service to provide
the Company's cash™ (E/4/2 p.90). Thus the Company's bills of exchange freed the servants from the
dixculty of nding a secure means to transfer funds. At the same the purchase of Company bills eased
its cash °ow problems in India.

Based on aggregate annual ®ows of remittances and the number of persons making remittances each
year, Hejeebu (2002) con rms the opinion of many historians: the value of outside activities greatly
exceeded inside remuneration. By individually tracking the roughly 1500 bills of exchange issued on the
Company in Bengal between 1747 and 1756, she estimates that the English community annually remitted
$297 on average per person. It should be noted that the amounts remitted represent a fraction of actual
earnings. They correspond to net savings and do not include consumption expenditure or investments
kept in India.

The Director's most e®ective punishment against servants' violating contractual norms was dismissal.
Among the 318 persons who entered the Bengal service from 1700 to 1756, 40 (12.6%) were dismissed,
suspended, or transferred. Of those 40, 29 dismissals occurred before 1757 and the remaining 11 occurred
after our period. Of the 29 persons appointed and dismissed before 1757, we nd that the great bulk
(18 of 29) occurred at the highest levels of responsibility, the senior servants. If we look at the full set of
40 dismissals, again we nd that they occurred mainly (29 of 40) at the top, upon the senior managers.
Yet it was the senior servants who had the most to lose from having their employment relationship
severed. The senior servants had the greatest access to and authority over Company resources. They
formalized contracts with Company suppliers, negotiated treaties with local o=cials, and determined
the exact distribution of Company resources within the general guidelines speci ed by the directors. At
the same time it was the senior servants who had invested most heavily in private trade. By the time a
servant reached the highest rank, he would have nurtured long-term relationships with Indian creditors,
brokers, and suppliers. He would have developed a mature understanding of local trading conventions,
currencies, and weights and acquired some facility in the local languages. By the time a person reached
a senior rank, he could reap the dividends of his speci ¢ investments in the both private and Company
trades.

The case of Richard Becher (1744-1758) is illustrative. Becher arrived in Bengal in 1744 at the rank
of factor. Over the course of his 15 year career, he purchased a total of 19 bills valuing $8,781 against
the Company in London. However he made no remittances in the " rst 8 years. In his 11th year, 1754, he
sent 3 bills totalling $607, in the next year 6 bills worth $926. In his last year, Becher, now a member

of the Calcutta Council and serving as the Company's accountant, sent 4 bills worth $ 6,648. The close
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details of Becher's pattern of remittances, and many others like it, reveal that for servants in the eld
the value of the employment relation increased with seniority. This in turn made the threat of dismissal
a serious way to discipline powerful veterans. By failing to exert himself in the Company's business,
a servant jeopardized his membership in the Company plus all the private bene ts membership might

bring.

4.2 Job design in the English East India Company

The East India Company case resonants with our analytical account of the job design problem
emphasizing synergies between public and private trade. In particular the East India Company illus-
trates the resource complementarities that can arise when company assets can be pro tably used in
private activities. In this setting Company employment provides a means to obtain speci ¢ resources.
E®ort in inside activity is induced through the instrument of dismissal. Servants sought to avoid job
terminations and retain the bene ts from o=ce.

The Company allowed overseas agents to use its legal assets (which it called \purchased privileges"),
its physical assets, and its reputational capital in ways that were privately bene cial. By legal assets
we refer to the Company's trading privileges, negotiated with the Mughal court in Delhi and applicable
over the region of Bengal. The most notable of such privileges was the rman of 1717. Awarded by
the Mughal Emperor Faruksiyar, the rman or imperial grant gave the Company the right to trade in
Bengal free of customs and in-land transit tax in exchange for an annual payment of Rs. 3,000.2° Even
though the agreements were not originally intended to apply to the private trade of Company employees,
the servants insisted that the Company’s privileges applied to all Englishmen in Bengal whether in their
public activities or in their private activities. After 1717, Company servants began issuing passes called
dastaks that exempted the holder from paying customs and in-land taxes. The directors in London were
indeed aware that their servants were creatively using the Company's trading privileges and on several
occasions warned against it. Yet their sentiments never amounted action: no explicit prohibition of it
was ever made in the contract and no individual was ever dismissed on the basis of private appropriation
of legal assets. The directors allowed it to continue. The Company also provided increased security from
its army and its forti ed settlements. For example the Company often provided armed escorts for vessels
carrying goods from inland stations such as Patna to the headquarters at Calcutta. Those convoys were

also said to carry a signi cant portion of private cargo and thereby subsidize the private traders involved.

29This corresponds to about $375 on a volume of purchases averaging over $300,000 per year between 1717 and 1760
for textiles alone (Chaudhuri 1978, 544-545).
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Finally, servants also made private use of the Company's reputation of being a long-lived institution
regularly infused with shipments of bullion from Europe, what gave them access to local merchant
networks. Indian merchants and money-lenders were willing to trade with the English immigrants
because they believed that the Company would guarantee the servant's private transactions. Thus
despite the high mortality of Englishmen in India, merchants were willing to extend credit to employees
because they believed that the Company would settle the balance in the event of the servant's death.
Such local access to corporate resources gave Company servants competitive advantages over other
traders and gave them strong incentive to prevent job dismissal.

The directors understood and sanctioned these privileges of oxce. They were well aware that
allowing private trade could bene t the Company as well. As mentioned, the Company took deliberate
steps such as allowing remittances on bills of exchange. This increased the amount of local funds
available for the Company trade and thereby lowered the cost of nancing operations from London.
Our model suggests that by allowing outside activities, employers bene t by being able to o®er lower
wages and still sustain an increased likelihood of higher inside production. If we consider the Company's
transition from a regime of restricted or forbidden private trade (pre-1680) to one of complete freedom
of private trade, we do indeed observe a decline in wages coupled with an expansion of both Company
and private trade. Before 1680 salaries were higher and the volume of trade smaller. In 1670 Edward
Littleton entered the Bengal service at the lowest rank (then called factor or agent) and was paid at
the rate of $25 per annum (Despatch Book, vol. 87, p. 391). In the era of private trade by contrast
he would have entered at the rank of writer and would have been paid $5 per annum. Furthermore
the transition to complete freedom of private trade was met with a sustained increase in the volume
of the Company's purchases in Bengal and with a rising °ow of remittances from Company servants

(Chaudhuri 1978, Appendices C16, C22 and Marshall 1976, 229-241).

4.3 Other historical examples

It is also worth contrasting the East India Company to its great rival in Asia, the Dutch East India
Company or VOC. As opposed to the East India Company, the VOC did not initially allow private trade
but paid substantially higher salaries. They shared the same technology and market environment. Yet
it pursued a di®erent strategy in which the company participated as a corporate body in Asian waters.
The VOC established a centralized bureaucracy in Batavia (modern Jakarta, Indonesia) and directed
its operations, including personnel policies, from this Asia-based headquarters. Salaries at each rank

within the VOC were higher than salaries in the corresponding ranks within the East India Company.
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At the lowest rank of \assistant," the VOC paid nearly six times higher than the East India Company's
writer. However as one moved up the ranks the gap narrowed dramatically. The VOC's Directeur van
Bengalen in Chinsura was paid $216 per annum whereas his English counterpart, the President of the
Council in Calcutta, was paid $200 per annum between 1738-1760. That the VOC's policy ultimately
failed to provide su=cient incentives for senior employees is evident by the fact that in 1743-4 the VOC

shifted to the English policy of permitting private trade.

5 Conclusion

In this paper we try to expand the multitasking model to accommodate the possibility of synergies
between di®erent activities in job design problems. We investigate two mechanisms by which outside
activities complement incentives for inside activities, even though there is no technological linkage
between them. Complementarities might arise when employment sustains an agent's reputation for
high ability or when employment provides access to resources that can enhance the returns from outside
activities. The presence of such synergies determine the desirability of private trade.

Our analysis and interpretation of the job design problem expands the range of employment settings
that can be explained by existing models. Our model is amenable to situations in which e®ort inside
detracts from e®ort outside as in Holmstrom and Milgrom (1991). It also amenable to cases in which
e®ort outside the rm can induce greater e®ort within the rm. Our ndings are moreover robust to
changes in the assumptions about the observability of output, to how inside and outside activities are
technologically linked, and to whether or not the contract can be renegotiated. The reputational and
resource synergies we investigate arise in a variety of cases such as the employment of faculty by US
colleges and universities and the employment of overseas agents by the English East India Company.
Our model thus o®ers a new approach that reconciles historical and contemporary jobs with the current

understanding of job design.
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6 Appendix: proofs

6.1 Observable Output

Proof (Proposition 3). LetsU (e;i;-) =wi (B)ic(e+i)+E[wo (yi;B) +%tE[V(i; )+ -A() ]y 0l
be the objective function of the agent as a function of (e;i;-). Consider the change of variables
(e;i;-) ¥ (e;s;-), where s = e +i. Then, the transformed function 8 (e;s;-) = U (e;sje;-) is

supermodular in (e;s; -) when % = 1, since
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where the rst and last lines follow from the integration by parts of the derivative of the expectations
with respect to y;, just as in the proof of proposition 2. It then follows from the supermodularity of 8

that e” and s” are both increasing in -. The last part of the proposition is immediate from this. =

Proof (Proposition 4). In case the outside activity is not allowed, the marginal return on e®ort
is (1 j ®), which is independent of b. As a result, this is the unique equilibrium e® (% = 0). When
the outside activity is allowed, notice that for any belief b the agent chooses a positive level of e®ort,
e” (b;%) > 0. This is true even when b= 0. Moreover, from Proposition 2, e” (g% = 1) > e" (g% =0) =

e” (% =0) for any b _ 0. Therefore, any equilibrium when % = 1 satis ese” (% =1)>e" (% =0). =

6.2 Non-observable Output

We work towards the proof of propositions 8 and 9 in several steps. We will start with some initial
results about comparisons of distributions which will be used later on.

Consider two continuous distributions, F and G, on the same support X = (j A1 ;+1), with densities

T (x) and g (x) respectively. To compare two distributions we will use the concept of rst-order stochastic

dominance. We say that F rst-order stochastically dominates G if F (x) - G (x) for every x 2 X.
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Lemma 10 Suppose that f (x) - g(x) ifand only if X - X. Then, F ~rst-order stochastically dominates
G.
R R
Proof. The distributions can be expressed as F (X) = ;‘1f (X)dx, and G (x) = ;(1g(x) dx. It
follows immediately that F (x) - G (x) for any x - X, since f (X) - g (X) throughout this range. Suppose

now that F (x") > G (x") for some x® > X. Then, we have

Z o Zq Zq Za
F(+1)= f(X)dx + f(X)dx =F (x*) + f(X)dx > G (x%) + g(X)dx =G (+1)

il X= x= X2

where the inequality follows from the assumption that F (x") > G(x*) and f(X) . g(x) for all x _
x" > X. This is a contradiction, however, since F (+1) = G(+1) = 1. Therefore, the inequalities

cannot reverse, and the statement is satis ed. m

Remark 1. From the conditions of the lemma, an even stronger conclusion obtains. It is easy to see
that since T (xX) >g(x) if x> X, notonly F (X) - G(X), but F (X) <G (x) for all x. As a result, the
expectation of any strictly increasing function of x will be strictly higher under F than under G.

For the purpose of checking if the previous condition is satis ed, we will make use of the following

result;

Lemma 11 Let f (X) and g (x) be two bounded and di®erentiable functions such that limys ; 1  (X) =
limy s ; 1 g (X). Assume their derivatives are continuous, bounded and satisfy ' (x) - g’ (x) if and only
if X - X. Then, there exists an X’ such that f (x) - g (x) if and only if x - X".

X

. . . R
Proof. We can write f (x) = limys ; 1. F ()+ 7, f'(x)dxand g (x) = limys ; 1 g (x)+ ;‘1 " (x) dx.

Then, T(X) j g(X) = R;‘:L [ (%) i " (x)]dx. It su=ces to show that f(x) j g(x) - 0 if and only if
x - X.

Since ' (x) i g"(x) - 0 if and only if x - X, it follows that f(x) j g(x) - 0 for any x - X.
Suppose now that  (x") j g (x®) > 0 for some x® > X. Then, for any x _ x® we have f(X) i g(X) =
f(x")jgx")+ R;ﬁ, [F) i " ()]dx _ F(x%) ig(x")=>0. After f (X) i g (x) goes above 0 it can only

increase. As a result, T (x) > g (x) after some point X'. m

We can now start studying the properties of the posterior distribution of the outside market given
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by (5). It will be useful to distinguish between the following posterior distributions:
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i ¢ ¢c+1i¢)o 2'3/4—..', 1,“’i'-ﬂ
f  jpBout = o A
N cr@igo s v
- 2
pibi~
fih ¢ @2 g Mo
Jey1 'E - T pibic ¢%A 7

©_

Va4

The " rst density corresponds to the posterior after observing s = out. The second density, on the other
hand, corresponds to the posterior after observing s = out, but knowing that separation did not occur
for exogenous reasons.

The following lemma compares the posterior distributions after the di®erent signals s = in; out.

i ¢ i ¢
Lemma 12 The posterior - jB: & in rst-order stochastically dominates both f - jB;Bout and
i ¢
frjey-b. _ ‘ _ A
Proof. =From lemma 12 it suzces to show that f ";g; bin - f - j®:Eout if and only if

-

- &. Moreover, since both densities are multiplied by %%A % the condition simpli es to checking

that
3 - 3 -
ibi” iBi”
1jo 2L s e@je 2L _
Sbibi - 3bibi‘ if and only if ~ - &
1i0© 5= ¢+Lid)0 5=

But this must hold since the left-hand side is increasing in ~ whereas the right-hand side is decreasing.

i ¢
The same argument applies for - jByr-p. m

The distribution of ability after observing the agent remaining working for the principal is always
better than after there has been termination (both when exogenous terminations can occur, and when
they do not).

Now we turn to compare the distributions of the posterior when the dismissal policy changes.

i ¢ _ i ¢
Lemma 13 Consider § _ ¥. Then, f - j ;b in rst-order stochastically dominates - jig;ein,
i ¢_ - i ¢ -
and f'° jby1 - b rst-order stochastically dominates f - jBy: - .
n i ¢ i ¢
Proof. From lemma 12 it su==ces to show that f '~ ipein - f - jgo;b; in ifandonlyif ~ - &

i ¢ i ¢
and ' jBry; - - f by - b if and only if © - &'. Moreover, since all the densities are
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3 -

multiplied by ;A =i~ the condition simpli~es to checking that

3 - 3 -
1;0 pibi~ 150 Bibi~
. Yy . Yy . - - -
ar) = #-a(’(): BpO-b-‘ ifand only if © - &
1i0 5 1i0 5
3 g 3 -
o Bibi © pibi’
Vo . Yo ie - -
() = == - 2 = 2= if and only if - @
© _3/4"+' _3/:"—’

To check these conditions we will look at the derivatives with respect to ~. Th,og denominators do not

depend3on “, and hence can be treated as constants. Then, & (") = K (A giyii' and & () =
Ve 0' =7
KUcA 2 !:,' . Taking logarithms on these expressions, we have that 2 (") - 2! (") if and only
3 - 3 - 3 -

: khy - 1 BikiT 2 g ikt 2 - - Kl pibi~ 2
if log (K,-K) i3 &% - i3 o . Rearranging we obtain 2log (K=K") - - i
0.p:- 2 i (3 ¢ 3 =
L% " —yi2'g g j2bi 2 'pil . Therefore, 2 () - @ (") ifandonlyif ~ - jXHI000CKD ;

L (iy)

¢ _ ) :
b+3 'g +p'". The “rst-order stochastic dominance then follows from lemma 13. The proof of the second

case follows the same steps. m

When the threshold for the dismissal policy increases (meaning more agents will get dismissed),

both the pool of agents that manage to continue and those who get dismissed is improved. This result
is intuitive: when the bar is raised, less people exceeds it. As a consequence, only the best agents get
selected to continue. But at the same time, more of the good agents will fail, improving also the pool
of dismissed agents.
Remark 2. The same observation made in remark 1 is still valid for both lemmas 13 and 14. Namely
that the expectation of an increasing function of ability is strictly higher under s = in than under
s = out, and higher for a bigger $ under s =in, and s = out with no exogenous termination.

In order to compute the equilibrium, it will be useful to have an expression for the outsiders’

expectation of ability after they observe a termination. We develop this next. From the posterior
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distribution we have:

peoo T
yibi
h i Z,1 (+@Qid)O© =/5— l,IJ-,_,_'lT
E “jy;bout = ¢ A 3/; td” (12)
- il +@1igo 32— ‘
HYibl'
3 - 3 377 2,y © =/5— 1 (YU ||
=ty "+ 1li* ; K t—A 1 ¢d
y ity b TEHEEER A
3 7 3 3 7 h i
=1y “"+ 1lity (E jEyi<y
5 -
where Ty = 4——=%. The last integral term in the second line represents the expecta-

¢+@Qid)e S
tion of ability provided thgrg IS no exogenous termination. The result is then a convex combination
between the prior expectation of ability = (which corresponds to the case there is an exogenous termi-
naﬁion and outsiiders learn nothing) and the posterior in the case termination occurred after a dismissal,
E “jbBys <y . The weights re“ect the relatively likelihood of each case. We will now derive an
expression for the last term.

By the law of iterated expectations, we can write:

h i h h i i
E "jgyi<y = EhE TiEyi<yyi=y jBy<y
4 4 i 4

EE[fjBy1=yligy<y

The interior expectation corresponds to the posterior expectation of ability provided a st period output
of y has been observed. This expression takes the same linear form we obtained for the observable output
case: ® + (1§ ®) (y i b). If we substitute for it, we obtain:

h i
= BE®+(1i ®)%y i ta)jla;y<¥I
= @ +(Qi®(E yibjbey<y ]

= @ +(1i ®)¢Eh’ +"]T+"<yij laI

This last term corresponds to the truncated expectation of ~ + " given that ~ +" <y j b. Since = +"
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is normally distributed, this expectation displays a familiar form:

2 o 13
. Yibi
A T
=®L+(1i®)¢§l_i3/4+’¢—w
ibi
T

And, hence, the posterior expectation of ability when no exogenous termination occurs becomes:

. 'uylbl Ll
h 1 s
E “jByi<y ="i(li®) %l ¢—|=l—11
- © 3/4+
Finally, substituting back into (12) we obtain:
] bi~
h i s s AL
E "jy;gout = “§ 1i1ty ¢(1j®) Yy ¢_HT11
= = Yi®ei
© F=
M T
Uyibi
1Li)A S—
= T7@Qj®) ¢t Hyibi"ﬂ (13)
¢+1ie)0® S5—

Now we are ready to study the equilibrium dismissal policy for the renegotiation case. The following

result states its existence and uniqueness:

Proposition 14 Suppose that renegotiation is possible. Then, fﬁ)r each %/alue a 2hf0; 1g, there exiists
a Hnique equiIiE)rium di?]missal policy saiiisfying the equation E yojy;b +%¢E v(i;7)jy;bin =
E yzjy;b;out +Y%(lE v(i;’%jy;b;ou_t.

3 -

Proof. First notice that E > j y,b =@ +(1ji® yi bﬂtakes values in (j 1;+1), as a func-
h b~ H
tion of y. Moreover, E vy, jy;b; out is bounded, since A %/:: 2[0;A0)]and ¢ +(1§¢)© Xg/:—: 2
= = h i h i

[¢;1] is bounded away from 0. Furthermore, E v (i;")jy;&in and E v(i;")]jy;&out , are both
bounded, since so it is v (i;”). Then, the existence of an equilibrium when % = 0 and % = 1 follows

immediately from continuity.
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When % = 0 the equilibrium condition translates into
M il

-bi

1<

3 - (Lico)A
+(1i® yib TiI QiR

[

T

11
yibi-
¢+ (1i)0 F—

A 1 i YiBi®
Yyor g - N Tyibic

¢+1ie)0® S

yibi~

To simplify notation, we will denote { = 5.— from now on. The equation simpli es to { =

éiﬂh((lliié—é))’g%. Rearranging, {¢ = i (1 i ¢)[A{) + {©({)]. The left-hand side is increasing in {, and

£ ) o
takes values from j A to +1.. The derivative of the right-hand sideiis j (1 § ¢) A{)+©0{) +{AK)
i(1id)oH) <0, since the density of a normal distribution satis es A" ({) = i {A({). Hence, the

two lines must intersect only once, and the equilibrium is unique.

When % = 1 the equilibrium condition becomes

CioA® , % " - v

{+(L+(1i<',)©({) (1i<',)3/4"+'¢ E v(@i;)jybin i E v(i;)jybout =0

or equivalently, multiplying by ¢ + (1 i ¢) © ({):

criged, " - v

L+AQi A+ 1+ @10 e ¢ E v(i;)jy;ein §E v(i;")jy;Bout =0
i)Y = =

h i
Similarly to the decomposition in (12), we can express E v (i;”7) jy;bout as

h i 3 3 377 i

E v(@i;)jy;eout =2 y E[v(@i;)]+ 1ity (E v(i;")jbyi<y

5 -
where 1 y = RTEACICOR As a result, we get

3 h i h i
L+ id)o]t Ehv(i:')jx:b;i[l i E v(i;")jy:bout ) o (19
- 1 - 1
= [c+(hli<;)©({)]¢E_V(i;’)jx;b;,in if;E[V(i;’)]i(lhif;)©({)¢E _V(i;’%jb;y1<x
s i = s i =
= ¢ Ev@BE)iyein ENGED)] i (1i)O{¢ E V(i) jy:gin i E v(i;)jByi<y

i,
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Consider now the following identity?!:
h i h i
ENVE D=1 ©DIE v(i:)jy:kin +O{)E v(i; ) jbyi<y
It states that the prior expectation of outside output is a convex combination of the posterior expectations
after ~rst period output is above and below y. And the weights re®ect the probability of each event
occurring. Rearranging we obtain:

h i 3 h i h i
E v(i;’)jl;b;in iEVG)]=0)¢ E v(i;’)jl;b;in iE v(i;’)jb;y1<¥

Substituting this back into (14) gives us

3 h i h i~ h i
[t+Qi)©O It E v(@i:)jykin i E v(i;)jy;bout =E v(i;)jy;bin i E[V(i;")]

Finally, the equilibrium equation simpli es to

1 2 h i -
— ¢ E v(i;)jy:lin jENGET)] =0 (15)

{e+Qid)AQ+{odl+ Ti )t

N%w it is immediaite to see the left-hand side is strictly increasing in y, since {, A +{oH)] and

E v(i;7)]jy &in are. Hence, the equilibrium must be unique also when % =1. =

Now we know the equilibrium dismissal policy must be unique, we are ready to see some of its

properties. This is done in the next proposition.

Proposition 15 The dismissal policy y is strictly decreasing in % whenever v- (i;”) > 0. Moreover, if
vi- (I;7) >0, then y is strictly decreasing in i when % = 1.
Proof. From equation (15) we can rewrite the equilibrium equation for a general % as:

% 3 h i -

{6+(1ié)[A({)+{©({)]+W¢ E v(@i;)jy;gin jE[V(;7)] =0
i) ¥ =

where the left hand side is increasing in y. The equilibrium is determined by the unique value of y at
which the left-hand side crosses 0. Since the gosﬁerior distributioin after y; , y rst-order stochastically

dominates the prior distribution, we have E v(i;")jy;gin jE[v(i;")] > 0. Making % = 1,

21This identity can be easily veri ed manipulating the integral expressions for the expectations.
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then, shifts thg Ieﬁt-hand side upwi';lrds. As a result, the crossing point must decrease. Similarly, when
vie (,7)>0, E vi(i;7)jy:;bin jE[vi(i;")] >0. Anincrease in i has then the same e®ect as %.

We now have all the ingredients to show the results in proposition 8.
Proof (Proposition 8). In both the renegotiation and no renegotiation cases the agent solves
the following problem:

Ya . 8}
max wi®ic@ici(+u+1ie¢) 1i®©

Y

-L-e Y
Yi 18 row, + %t ey

3/4.,_'_,
_ £ o £ o
Consider st the no renegotiation case. Here, €w, =W, jE y2jy;Bout ,and v =E v(i;")jy;&in j
EEV Gy b outn. If v- (i;7) = 0, we can write v (i;) = v (i), and if follows that ¢v = 0. The ob-
jective function (and hence optimal e®ort) is then independent of %. From lemma 13, ¢v > 0 whenever
v- (i;7) = 0, and hence, incentives increase. Finally, when vi- (i;”) > 0, ¢v; = E£vi @Gy by inD i
E £vi @iy e outa > (, again from lemma 13. The objective function is then supermodular in (e; i),
since
% =(Lje)t%il mA“X :/4:' eﬂ¢ @giv >

h 3 i
When renegotiation is possible, then C¢w,+%(¢v =w,§j ® +(1 j®) y i & . From the previous

0

proposition, it follows that y is independent of % if v- (i;”) = 0. E®ort is then una®ected by the policy
on the outside activity. When v- (i;7) >0, y is decreasing in %, and hence incentives increase, since so

it does €w, + % ¢ ¢v. Finally, the objective function is supermodular in (e;i) if vj- (i;7) > 0, since

ey N ewil Hyiiel A_ ) By’
M:(ll6)¢/‘1"+'¢A e t 1i(1i®)

<

>0

(]

This concludes the proof for both cases. m
The proof of proposition 9 now follows.

Proof (Proposition 9). Suppose that % = 0. Then, the rst order condition with respect to

e®ort is

HXi‘ieﬂ

3/4"+'

QLie)etnil ¢A t ewy = cl (e)

Since ¢ (0) - 0, the solution to the agent's problem will always be interior and satisfy this equation.
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Moreover, if the cost functions is suzciently convex, the solution WiI:L be unjgue. To see this, consider

the second derivative of the objective function: j (1 j ¢) ¢ %42 ¢ Al Xs/::'e t ¢wy j c¥(e). The “rst

term is bounded, both when renegotiation is allowed, and when it is not. To see this, notice that

£
y = wZ.g +bi |s a linear function of w,. With no renegotiation, ¢w; _hW2 iE y2 ¥ b; ou,t where
£

E y2jy;b out is bounded. When renegotiation is allowed, ¢w2 Wai @ +(1i® yi ,where

y is independent of w,. Then, for any wa, j (1i¢) ¢3/4..'f' ¢ A 3%3/2;6 t &ws, is bounded, since so they

are all the terms of the form K ¢ A’ Xg/:i'e and K!¢w, ¢ Al Xg/:i'e , for K constant. Denote this

bound by M > 0. Then, the existence of a unique solution to the ~rst order condition is guaranteed
when c¢? (e) > M. In that case, we can obtain the sensitivity of e®ort to the conjecture of e®ort by

di®erentiating the equation above:
3 _ -
der i (i)t oA I rowpi g

do W) i (Lic)ewiZ eA LI cqw, e

The denominator is always positive by the condition ¢c¥ (e) > M. The derivative is then no larger than
one, since the denominator is larger than the numerator. As a result, the equation b= ¢" (b; % = 0) will
have a single solution. For the comparison of the equilibrium e®ort with the case of % = 1, the proof

follows the same steps as in proposition 4. =
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Table 1. Definitions

Variable Name

Definition (Survey Question)

Dependent Variables
Income from Outside Activities

Effort in Research

Independent Variables

Time on Consulting

Time on Private Practice

Control Variables
Experience

Salary

12 Months

Rank

Quality of Institution

Highest Degree

Field

In recent years, roughly how much have you earned over and
avobe your basic salary: 1 = 0%, 2 = under 10%, 3 = 10-19%, 4
= 20-29%, 5 = 30-39%, 6 = 40-49%, 7 = 50% and over.

How often, on average, do you spend 4 hours uninterruptedly on
professionally reading, writing or research: 1 = once a year or
less, 2 = a few times a year, 3 = about once a month, 4 = two or
three times a month, 5 = once a week or more.

In a normal week, what proportion of your work time is devoted
to consulting with or without pay: 1 = 0%, 2 = 1-10%, 3 = 11-
20%, 4 = 21-40%, 5 = 41-60%, 6 = 61-80%, 7 = 81-100%.

In a normal week, what proportion of your work time is devoted
to outside professional practice: 1 = 0%, 2 = 1-10%, 3 = 11-20%,
4 =21-40%, 5 = 41-60%, 6 = 61-80%, 7 = 81-100%.

How long have you been employed (beyond the level of teaching
or research assistant) in colleges or universities: 1 = One year or
less, 2 = 2-3 years, 3 = 4-6 years, 4 = 7-9 years, 5 =10-14
years, 6 = 15-19 years, 7 = 20-29 years, 8 = 30 or more years.

What is your basic institutional salary, before tax, and
deductions, for the current accademic year: 1 = below $7,000, 2
=$7,000 - $9,999, 3 = $10,000 - $11,999, 4 = $12,000 -
$13,999, 5 = $14,000 - $16,999, 6 = $17,000 - $19,999, 7 =
$20,000 - $24,999, 8 = $25,000 - $29,999, 9 = $30,000 and
over.

Is your basic institutional salary based on: 1 = 9/10 months, 2 =
11/12 months.

What is your present rank: 1 = professor, 2 = associate
professor, 3 = assistant professor, 4 = instructor, 5 = lecturer, 6
= no rank designated, 7 = other.

Index of school quality: 3 = lowest quality rating, 27 = highest
quality rating.

On the following list of large American universities, mark where
you obtained your highest degree.

From the following list, mark your department of teaching
appointment.
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Table 2. Outside activities of faculty members.

Fraction (%) of respondents

Social Humanities  Natural Business Total
Sciences Sciences  Applied
Time spent doing consulting
0% 38.85 56.46 54.57 33.78 41.47
1-10% 43.85 31.51 36.54 46.96 41.85
11-20% 13.05 8.67 6.7 15.24 11.98
21-40% 3.16 2.59 1.47 2.95 3.47
41-60% 0.69 0.59 0.51 0.68 0.85
61-80% 0.25 0.14 0.19 0.34 0.3
81-100% 0.15 0.03 0.03 0.04 0.08
Time spent on outside professional practice
0% 75.98 76.61 84.45 67.98 71.46
1-10% 16.41 15.34 11.84 235 18.63
11-20% 4.5 4.25 2.16 5.14 5.09
21-40% 1.78 2.07 0.48 1.33 2.21
41-60% 0.3 1 0.29 0.6 1.15
61-80% 0.54 0.48 0.37 0.6 0.71
81-100% 0.49 0.24 0.4 0.86 0.74
Income from outside activities (as fraction of basic salary)
0% 14.19 26.54 21.34 14.81 20.49
Under 10% 26.4 33.97 26.01 23.5 29.72
10-19% 24.22 21.77 21.21 19.65 20.85
20-29% 18.78 9.95 18.51 16.99 14.06
30-39% 7.41 2.87 7.26 10.06 6.15
40-49% 2.42 1.45 1.97 4.67 2.36
50% and over 6.57 3.46 3.71 10.34 6.37
Largest source of suplementary earnings
Summer Teaching 25.16 33.34 20.17 15.67 23.55
Teaching Elsewhere 4.35 5.15 2.88 4.37 4.25
Consulting 14.78 3.14 11.76 25.21 12.5
Private Practice 3.36 2.87 0.56 3.77 4.76
Royalties 5.54 6.6 3.6 2.87 4.17
Speeches and Lectures 3.81 4.22 3.33 1.93 3.75
Research Salaries 17.3 4.01 24.01 12.8 11.05
Other 10.83 13.13 11.68 17.98 14.54
None 14.88 27.54 22.01 15.41 21.43
Observations 2023 2894 3749 2336 16680
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Table 3. Fraction of Income From Outside Activities

OLS regressions of Income from Outside Activities on Effort in Research and other controls.

(1) (2)

@)

(4)

®)

(6)

Effort in Research 0.045 0.061
(4.42)** (6.35)**

Time on Consulting 0.214
(13.04)**

Time on Private Practice 0.450
(26.77)**

Salary

12 Months

Experience

Quality of Institution

Controls:
Rank No No
Field No No
Highest Degree No No
Observations 16680 16680
R-squared 0.00 0.10

0.054
(5.70)*

0.188
(11.90)**

0.468
(27.78)*

Yes
Yes
No

16680
0.20

0.047
(5.04)*

0.207
(13.36)*

0.462
(27.22)*

0.012
(1.03)

-0.766
(27.66)*

Yes
Yes
No

16680
0.24

0.052
(5.55)**

0.207
(13.39)*

0.459
(27.13)*

0.006
(0.56)

-0.765
(27.68)*

0.042
(5.33)*

Yes
Yes
No

16680
0.24

0.030
(3.19)**

0.214
(14.06)**

0.456
(27.45)**

-0.020

(1.74)

-0.766
(27.83)**

0.046
(5.77)*

0.034
(13.31)**

Yes
Yes
Yes

16680
0.26

Robust t statistics in parentheses
* significant at 5%; ** significant at 1%
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Table 4. Fraction of Income From Outside by type of Activity

OLS regressions of Income from Outside Activities on Effort in Research and controls. In each regression, the
sample is restricted to those faculty members whose stated largest source of supplementary earnings (from

outside activities) corresonds to the category in the column heading.

Summer Teaching Consulting Private

Royalties Speeches Research

Teaching Elsewhere Practice and Salaries
Lectures
Effort in Research 0.027 0.127 0.058 -0.117 0.168 0.032 0.061
(2.06)* (3.00)** (2.22)* (2.49)**  (3.15)** (1.14) (2.23)*
Time on Consulting 0.078 0.053 0.483 0.232 0.398 0.048 0.252
(3.57)* (0.81) (12.14)*  (3.74)** (4.43)** (1.17) (5.60)**
Time on Private Practice 0.020 0.273 0.171 0.486 0.488 0.435 0.293
(0.85) (4.63)** (3.82)**  (11.38)** (4.89)** (5.15)** (4.73)**
Salary 0.029 -0.122 -0.046 -0.179 0.020 0.009 -0.004
(1.59) (2.65)** (1.53) (4.31)* (0.33) (0.28) (0.13)
12 Months -0.366 -0.470 -1.076 -0.039 -0.823 -0.341 -0.518
(7.93)** (4.03)** (12.99)** (0.25) (5.78)** (2.91)* (4.64)**
Experience -0.012 0.000 -0.021 0.084 0.077 0.003 -0.055
(1.06) (0.01) (2.01) (2.02)* (2.73)* (0.12) (2.50)**
Quality of Institution 0.025 0.020 0.042 0.023 0.037 0.028 0.022
(6.89)** (1.88)* (5.12)** (2.06)* (2.31)* (3.05)** (3.10)**
Controls:
Rank Yes Yes Yes Yes Yes Yes Yes
Field Yes Yes Yes Yes Yes Yes Yes
Highest Degree Yes Yes Yes Yes Yes Yes Yes
Observations 3928 709 2085 794 696 626 1843
R-squared 0.14 0.34 0.41 0.51 0.41 0.43 0.24

Robust t statistics in parentheses
* significant at 5%; ** significant at 1%
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Table 5. Research Effort as a Function of Time Doing Consulting
and Private Practice

OLS regressions of Effort in Research on Time on Consulting and Private Practice
and other controls.

(1) (2) () (4) ®)

Time on Consulting -0.010 0.032 0.025 0.024 0.035
(0.85) (2.64)** (2.07)* (2.03)* (2.98)**
Time on Private Practice -0.048 -0.023 -0.007 -0.001 -0.000
(4.52)*  (2.12)* (0.66) (0.12) (0.01)
Salary 0.091 0.099 0.062
(10.32)**  (11.26)**  (7.04)**
12 Months -0.139 -0.139 -0.142
(5.79)** (5.83)** (6.04)**
Experience -0.075 -0.076
(11.57)**  (11.81)**
Quality of Institution 0.034
(13.79)**
Controls:
Rank No Yes Yes Yes Yes
Field No Yes Yes Yes Yes
Highest Degree No No No No Yes
Observations 16680 16680 16680 16680 16680
R-squared 0.00 0.06 0.07 0.08 0.11

Robust t statistics in parentheses
* significant at 5%; ** significant at 1%
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