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Abstract

This paper examines how employees trade off planned activities versus unplanned innovation, and how
firms can choose incentives to affect these choices. It develops a multi-task model where employees
makes choices between their assigned standard tasks, for which the firm has a performance measure and
provides incentives, and privately observed innovation opportunities that fall outside of the performance
metrics, and require ex-post bargaining. The model shows how firms adapt incentive compensations in
the presence of such unplanned innovation. If innovation are highly firm-specific, firms provide lower-
powered incentives for standard tasks to encourage more innovation, yet in equilibrium employees un-
dertake too few innovation. The opposite occurs if innovation are less firm-specific. We also investigate
the effectiveness of several possibilities to encourage innovation, such as tolerance for failure, investing

in employee innovation, stock-based compensation, and the allocation of intellectual property rights.
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1 Introduction

In a dynamic economy, firms’ ability to innovate is essential for their competitive advantage, even survival.
Yet the process of generating internal innovation frequently clashes with firms’ established production and
management processes. In this paper we develop a multi-tasking model of employees choosing between the
execution of their assigned activities, which can be compensated according to a well-defined performance
measure, versus the pursuit of previously unplanned innovation. Our central research question is under
what circumstances employees deviate from their assigned activities to pursue an innovation, and how firm
managers can optimally influence employees’ innovation choices.

The tension between exploitation of existing assets versus exploration of new opportunities has long been
recognized (March and Olsen, 1991). Established firms typically aim to maximize profits and efficiency by
planning activities and creating measurable performance metrics. A large literature on optimal contracts
examines optimal employee incentives and performance measurement (Gibbons 1998). However, almost by
definition, innovation does not fit into such a structure. While there are some innovative activities that can be
anticipated to a limited extent (e.g., incremental product improvement in R&D departments), many important
business innovation cannot be planned in advance (e.g., identifying new types of customers, customizing
product offerings, altering marketing and distribution arrangements, etc.). Moreover, employees are often
the first to identify these new opportunities. As a consequence, innovation in established organizations is
typically the result of employees taking initiatives that go beyond their narrow job description. Burgelman
(2002), for example, describes how Intel’s strategic move from computer memory to semiconductors was
initiated by employees developing new technologies without the knowledge of senior managers—the so-
called "skunkworks" approach. More generally, Burgelman points to the importance of an autonomous
employee-led innovation process that occurs outside of firms’ main strategic decision processes.

If innovation could be planned, then managers could base incentive contracts on measurable performance
objectives, and the analysis would resemble standard multi-task incentive models (Holmstrom and Milgrom,
1991). A central idea of this paper is to introduce innovation as an unplanned activity, and to examine
how it interacts with planned activities. Our theoretical starting point is to note that there exists a parallel
debate in the theory of the firm. The work of Grossman, Hart and Moore (see Grossman and Hart, 1984,
Hart 1995, Hart and Moore, 1990, 2008) postulates contractual incompleteness, based on the argument
that it is often too complex and costly to write incentive contracts. By contrast, the work of Holmstrom,
Milgrom and Roberts (Holmstrém, 1979, 1999, Holmstrom and Milgrom, 1994, Holmstrom and Roberts,
1998) argues that incentive contracting is at the heart of the firm’s internal organization. We would argue that

one should not focus on which view is "right or wrong"—clearly, there is a considerable amount of incentive



compensation inside firms, but these incentive contracts remain incomplete in important ways—but focus
on which view is appropriate for which type of activity. Indeed, our premise is that the standard tasks (i.e.,
the planned activities) are well captured by a model with performance measurement and ex-ante incentive
contracts. However, when it comes to innovative tasks (i.e., the unplanned activities), a model of incomplete
contracts and ex-post bargaining is more appropriate (see also Aghion and Tirole 1994).

We then examine the interactions between the planned and unplanned activities, and show how the opti-
mal level of incentive compensation for planned tasks is influenced by the presence of unplanned innovation.
Integrating both planned and unplanned activities also allows us to evaluate whether and when employees
are innovating too much or too little, relative to a variety of benchmarks.

We examine a principal-agent model where the principal is a risk-neutral firm owner and the agent
is a risk-neutral and wealth-constrained employee (Sappington, 1983). The employee faces a multi-tasking
choice between performing a standard task, for which it is possible to specify ex-ante a performance measure
and therefore also an incentive compensation, versus pursuing an innovation for which there is no ex-ante
performance measure, and hence only the possibility of ex-post contracting. We assume that the employee
receives a private signal about the attractiveness of a potential innovation, and that the principal cannot
observe the employee’s signal, as well as his effort and task choice. We use a model specification based on
Demougin and Fluet (2001) where the optimal contract can be expressed as a base wage and a performance
bonus. The principal’s only tool of influencing the agent’s behavior is the strength of incentives, i.e., the size
of the performance bonus for the standard task.

While the firm can determine an optimal compensation for the standard task, the rewards for innovation
are determined by ex-post bargaining. In practice, many innovative employees receive no or little rewards for
their inventions. One industry survey (IPOA, 2004) found that 84% of all companies did not pay employees
at all for disclosing inventions. While many companies pay small amounts for patents (in a range of $500-
$1500), 76% of companies were found not to make adjustments for "highly valuable" patents. Yet, in other
circumstances, employees are able to extract considerable rents from their innovation, such as in the financial
service industry, where the threat of leaving typically results in higher retention pay (Groysberg, Nanda,
and Prats, 2007). In general, the rents employees extract for their innovation depend on outside options,
private benefits, the degree to which the ideas can be appropriated by the firm, and possibly the allocation
of intellectual property rights within the firm (Talley, 1998). Therefore, our model allows for a flexible
parameterization that enables us to characterize any division of ex-post bargaining rents.

A fundamental insight from the model is that there is a conflict between innovation and the strength of
incentives provided for the standard task: the higher the performance bonus, the less the employee pursues

unplanned innovation. We examine how the firm can modify its incentive compensation for standard tasks,



taking the employee’s innovation choices into account. If innovation is highly firm-specific we find that the
employee pursues too little innovation relative to the firm’s preferred level of innovation. In equilibrium, the
firm reduces incentives for the standard tasks, in order to encourage the employee to innovate more. This
result provides an interesting interpretation for frequently-observed low-powered incentives (Williamson,
1975, Parent, 2002). They provide "breathing room" for an employee who might want to pursue unplanned
activities that will not be reflected in his performance measure. However, we also find that if innovation has
low levels of firm-specificity, then the firm wants to discourage innovation ex-ante. It can do so by increasing
its performance bonus beyond normal levels. In this case, high-powered incentives provide greater effort for
the measurable task, but curtail the pursuit of innovation.

Our model also allows for a critical assessment of the question whether there is too much or too little
innovation. This is actually a matter of considerable debate in the applied management literature. On the
one hand there are many who lament the lack of innovation inside large firms.! On the other hand, there is
also large number of management scholars, including Michael Porter (1980), who advocate strategic focus,
or what Rotemberg and Saloner (1994) call a “narrow business strategy.” Our model allows us to evaluate
those claims from a variety of vantage points. We first explain that the firm owner and the employee almost
never agree on the optimal level of innovation. For high levels of firm-specificity of innovation, the employee
pursues too little innovation from the owner’s perspective, but this is always reversed for low levels of firm-
specificity. From a perspective of joint efficiency, we identify two natural benchmarks, depending on whether
a social planner can or cannot actively intervene to change the agent’s decisions. We find that there is too
little innovation for high firm-specificity of innovation, and too much for low levels of firm-specificity.

Our analysis relates to several strands of economic theory. Manso (2007) examines optimal incentives
for experimentation and finds that standard incentive compensation is inappropriate for environments where
experimentation is important. However, his optimal contract looks very different from ours because he
assumes contractibility of the innovative task. Indeed, he shows that an optimal contract needs to have a
complex dynamic structure that provides high-powered incentives in the long-term, but tolerance for failure
in the short-term. In an extension of our model, we show that tolerance for failure can actually be a two-
edged sword: while it may encourage innovation, it may also undermine incentives for standard tasks, an
effect not considered by Manso.

Rotemberg and Saloner (1994) develop a model for the benefits of a narrow business strategy, which they

contrast with a broader innovation strategy. In their model, the firm manager deliberately refuses to imple-

!Consider, for example, the following quote from management guru Gary Hamel (1999):

"If you want your company to join the pantheons of wealth-creating superstars, you have to shift the balance of effort
from stewardship to entrepreneurship in your organization."



ment innovation, because accepting one employee’s innovation undermines the other employees’ incentives.
Our model only needs a single agent, whereas their model relies on interactions among employees. In their
model, the firm also has an ex-post commitment problem, which it can only solve up-front with a narrow
strategy. While the mechanics of the two models are very different, both share the premise that there can be
a trade-off between focusing on the core business versus innovation. In a related vein, Subramanian (2005)
examines a dynamic model of a firm where employees can choose to create value for the firm or develop
innovation. His main focus is the role of complementarities between the innovation and the firms’ current
assets. In the empirical section of this paper, he finds a negative relationship between incentive compensation
and intrapreneurial activities, a prediction that is also consistent with our model.

Following the work of Grossman, Hart and Moore, several authors have tried to either explain contractual
incompleteness (Segal 1999, Hart and Moore 1999), or else explore how a principal can creatively augment
standard contracts to include unforeseen contingencies (Kreps, 1992, Maskin and Tirole, 1999). Our ap-
proach is fundamentally different in that we take the contractual incompleteness around innovation as given,
but focus on how the agent (as opposed to the principal) responds to unforeseen innovation opportunities.
The principal’s response in our model is limited to adapting incentive contracts, specifically performance
bonuses, to indirectly take into account the contractual incompleteness.

The work of Bernardo, Cai and Luo (2009) and Inderst and Klein (2007) examines how firms can op-
timally provide incentives to employees when there is both an incentive problem and a problem of truthful
reporting for resource allocation. These models do not consider any multi-tasking problems. Anton and Yao
(1994, 1995), Gans and Stern (2000, 2003) and Hellmann and Perotti (2007) investigate how the appropri-
ability of innovation affects their generation and use. There is also a closely related literature that compares
incentives inside firms with market-based incentives, see e.g. Anand and Galetovic (2000), de Bettignies and
Chemla (2008), Gambardella and Panico (2007), and Hellmann (2007).

Our paper naturally builds on the large literature on multi-tasking, see Holmstréom and Milgrom (1994),
Feltham and Xie (1994), and Baker (2002). The work by Holmstrém and Milgrom is the closest to our paper
in that they also allow for tasks which are not captured by (ex ante) contractible performance measures. How-
ever, the essential difference between Holmstrom and Milgrom (1994) and our paper is that we incorporate
ex post bargaining over the division of surplus which stems from these unmeasurable, but profitable activities
such as the pursuit of innovative ideas. In other words, while unmeasurable tasks do not generate any utility
for the agent in Holmstrom and Milgrom (1994), our framework comprises a complete parameterization of
the value captured by the agent.

The remainder of the paper is structured as follows. Section 2 introduces the basic model. Section

3 examines separately the provision of incentives for the standard task (planned activity) and innovation



(unplanned activity). Section 4 examines the agent’s task choice. Section 5 derives the principal’s optimal
incentive provision. Section 6 addresses the question of whether there is too much or too little innovation.
In section 7, we discuss the effectiveness of several policies to encourage innovation, such as tolerance
for failure, investing in employee innovation, stock-based compensation, and the allocation of intellectual
property rights. Section 8 discusses empirical prediction that can be derived from our framework. Section 9

summarizes our main results and concludes.

2 The Base Model

Consider an employment relationship between a risk-neutral principal and a risk-neutral agent. The agent
is financially constrained and his reservation utility is normalized to zero.?> There are three dates. At date
0, the principal offers the agent an employment contract. According to this contract, the agent is charged
with conducting a set of tasks, which are henceforth referred to as the standard task. The agent’s effort
for the standard task cannot directly be observed by the principal, but she receives a performance measure
which can be utilized in a court-enforceable incentive contract. At date 1, the agent may privately observe an
innovation opportunity (i.e., an innovative idea), which requires further processing to bring to fruition. Due
to time constraints, the agent is confronted with a specialization decision: he needs to decide on how much
effort (or time) he wants to allocate to the standard task and the development of the innovation opportunity. At
date 2, the principal observes the agent’s standard task performance, and makes the corresponding incentive
payments as specified in the employment contract. In case the agent generated an innovation, both parties
bargain over the division of the created value.

Let us first elaborate on the agent’s main responsibility to perform the standard task. By implementing
effort eg on the standard task, the agent generates revenue V (eg), which accrues entirely to the principal.
To ensure interior solutions, we impose the standard requirement that revenue is increasing and concave in
es. Also, V(0) = 0 and V'(0) = co. Neither the agent’s effort eg nor the revenue V' (eg) are verifiable, and
thus cannot be used in a court-enforceable contract. The principal, however, receives several information
about the agent’s standard effort e which can be summarized in a verifiable and binary signal S € {0, 1}.3
By implementing effort eg, the agent affects the likelihood that the favorable signal S = 1 will be realized.
Formally, let Pr{S = 1l|es} = min{eg, 1} be the conditional probability that S = 1. We assume that the
agent’s effort costs are such that Pr{S = 1le5} = e§ < 1 for the second-best effort level e in order to

ensure interior solutions. Finally, to motivate standard effort, the principal ties the agent’s compensation to

The limited liability constraint ensures that transferring the firm to the agent is not feasible.
3Demougin and Fluet (2001) show that if the involved parties are risk-neutral, any verifiable performance measures can be
summarized by a binary statistic without affecting the efficiency of the contract.



his performance measure .S. More specifically, in addition to a fixed compensation «, the principal pays the
agent a bonus /3 in the event that the favorable performance measure S = 1 is realized.*

While being charged with conducting the standard task, the agent may privately observe an innovation
opportunity with potential value Y. Because innovation opportunities are not known ex-ante, it is reasonable
to assume that no performance measure can be defined ex-ante. Hence the two parties will have to rely on ex-
post bargaining. Moreover, to capture the notion that the employee is the one who spots the opportunity, we
assume that the signal about the value of the innovation idea is privately observed by the agent. We assume
that the potential value of his idea Y € [0, 00) is drawn from a distribution ®(Y") with p.d.f. $(Y").> We fur-
ther assume that innovation with high firm-specific values are less likely to be discovered by the agent, which
is reflected by the assumption that ¢(Y") is monotonically decreasing in Y.® Once the agent has observed
a particular innovation idea with potential value Y, he needs to develop this innovation by implementing
non-verifiable effort e;. The innovation process will be successful with probability min{uey, 1}, and fails
with probability 1 — min{pey, 1}, where 0 < p < 1. The parameter p captures the idea that the pursuit of
innovation is more challenging than the standard task in the sense that for a given effort level, success is more
likely for the standard task than for the innovation. To ensure interior solutions, we assume that pe; < 1
for the second-best effort level e}. Contractible performance measures which capture the agent’s innovation
effort ey are not available.

We assume that the innovation value Y is observed by both the principal and the agent, but remains
unobservable to third parties such as courts. Due to the absence of contractible measures, the principal cannot
provide the agent with a court-enforceable incentive contract to motivate the creation of innovation. Both
parties can, however, bargain over the division of the created innovation value. The relative bargaining power
depends on the two parties’ outside options, which in turn can depend on a variety of factors. If the idea is
highly specific to the employee, and requires his specialized human capital, then the employee’s bargaining
position may be strong (e.g., the employee may have an outside option of implementing the innovation
outside of the firm). On the other hand, if the innovation can be easily appropriated inside the firm, then the
employee has a weak bargaining position. Moreover, if the idea requires the use complementary assets that
are controlled by the firm, then the firm has a significantly strong bargaining position. Yet another factor is
to what extent the value created by the innovation consists of private benefits that cannot be taken away from

the employee.

“Due to the binary structure of the information system, the optimal incentive contract must be a bonus contract.

>We could also impose an upper bound Y for the potential innovation value Y without affecting the quality of our results. For
sufficiently low values of ¥, however, it will become clear that innovation might never be beneficial from both the principal’s and
agent’s perspective.

®For instance, the exponential distribution satisfies this assumption.



To model the ex-post bargaining game between the principal and the agent, we apply the symmetric Nash
bargaining solution.” Clearly, the principal’s share is determined by the inside value of the innovation, Y,
as well as by her outside option, which we denote by zpY. The parameter zp reflects the appropriability
of the innovation, i.e., zp captures the extent to which the principal can profitably utilize the innovation
without the support of the agent. In contrast, the agent’s bargaining position is determined by his outside
option z4Y, where the parameter z4—as discussed above—measures the agent’s private benefits from the
innovation which cannot be expropriated by the principal (e.g. because of specific human capital). Using
the Nash bargaining solution, the principal obtains (1 4+ zp — z4) Y/2 of the value of an innovation. It is
convenient to define A = (14 zp — z4) /2, so that the principal gets Y, and the agent obtains (1 — \)Y".
Throughout this paper, we refer to \ as the appropriability of innovation.® Note also that because innovation
are not contractible ex-ante, any promise on the part of the principal to award the agent a higher share is
never credible in this model since ) is the result of an ex-post bargaining game.’

For the agent’s disutility of effort associated with the implementation of standard effort eg and innovation
activity ey, let e = eg + ey denote the agent’s total effort. Implementing e imposes private cost ¢(e) which
is strictly convex increasing in total effort e. The agent’s private effort cost function ¢(e) thus captures the

notion that the total effort (or time) he spends on both tasks matters, but not the relative effort allocation

across these tasks.

3 The Agent’s Effort Choice

We begin our analysis by investigating the agent’s effort choice for the standard task and innovation sepa-
rately. This facilitates the derivation of the efficient bonus contract for the standard task which constitutes an
important benchmark throughout this paper.

Suppose for a moment that the agent focuses exclusively on the standard task.'? Given the bonus contract

(o, 3), the agent chooses his effort eg to maximize his expected utility'!

max U(es) = o+ fes — c(es). (1)

"Using alternative bargaining solutions would not affect the qualitative nature of our results.

8Throughout the paper the concept of appropriability refers to the ability of the firm to capture the value of the employee’s
innovation. We therefore focus on appropriation within firms, rather than appropriation across firms that compete in the market
place.

“However, there are indirect ways for the principal to credibly commit to a different sharing rule, e.g. through the explicit
allocation of intellectual property rights (which we discuss in section 7.3), or through repeated interactions with the agent.

%We show in section 4.1 that, for a given incentive contract, the agent either exerts the standard task (so that e; = 0) or pursues
the innovation (so that es = 0).

""Note that c(e) = c(es) as ey = 0 if the agent exerts only the standard task. The reversed observation can be made if he pursues
the innovation.



It can be deduced from the first-order condition that the agent’s second-best effort €% (/) is implicitly char-

acterized by

B =d(es). (2)

The agent chooses effort e%(3) which clearly ensures equality of his marginal expected bonus and marginal
effort costs. From (2) we note that stronger incentives (higher (3) lead to more effort.
Anticipating the agent’s effort choice e%(/3), the principal’s problem is to find the bonus contract which

maximizes her expected net payoff from the standard task:
I¥(a, B) = V(€5(8)) — a = Bes(B). 3)

Moreover, the optimal bonus contract needs to ensure the agent’s participation, and to account for his liability
limit, which requires that « > 0 and « + 3 > 0. The next lemma characterizes the efficient contract which
maximizes the principal’s expected net payoff from the standard task, in addition to its effect on the agent’s

expected utility.

Lemma 1

(i) The agent’s expected utility from the standard task, U° (a, B), is increasing in o and (3.

(ii) The principal’s expected profit from the standard task, T1° (v, B), is decreasing in «, and concave in

0. It reaches its maximum at By which is implicitly characterized by

dIT®(e5(), B)

e = 0. “4)

(iii) The optimal choice of o is cg = O.

Proof All proofs are given in the Appendix.

Lemma 1 provides three important observations. First, the agent’s expected utility is always increasing
in the bonus compensation §. The fact that the agent’s expected utility is strictly increasing in 3 will be a
fundamental driver for his specialization decision.

The second important observation is that the principal’s expected profit is non-monotonic in 3, with an
interior maximum at (3. For low values of 3, the marginal benefit of paying the agent more outweighs
the cost, but for high 3, the opposite applies. The profit-maximizing value 3 is a useful benchmark of
the intensity of incentives, as it measures the principal’s preferred level of incentives in the absence of any

multi-tasking concerns. Hence we will refer to 3y as the unconstrained incentive bonus.



Third, we note that any fixed compensation « only transfers rents from the principal to the agent. Since
the agent’s participation constraint is always satisfied for any « and ( satisfying the conditions @ > 0 and
a+ B > 0, it is immediate that the principal always chooses ag = 0.

After identifying the agent’s optimal standard effort and the associated bonus contract, we now turn to
the agent’s incentives to bring innovative ideas to fruition. Suppose the agent focuses exclusively on the
development of the innovation. Given the appropriability of his idea (parameterized by \), he chooses his
innovation effort ey to maximize his expected utility

max Ul (ef) = (1 = )Y per — c(eg). 5)

er

The first-order condition reveals that the agent’s second-best innovation effort e7(\, Y') is implicitly charac-
terized by
(1=NYpu=_d(er). (6)

As for the standard task, the agent chooses his innovation effort e}(\,Y") such that the marginal compensa-
tion equals his marginal cost of effort. The principal, however, cannot directly control the agent’s innovation
effort as it is implicitly determined by the appropriability of his idea, A, and the innovation value Y. It can
be inferred from (6) that identifying an innovation opportunity with a lower appropriability (A) or detecting
a more valuable innovation (Y) motivates the agent to implement more effort.

For the subsequent analysis, we now investigate the relationship between the appropriability of innova-
tion A and the principal’s expected net payoff from innovation. We start by briefly discussing the extreme
cases: the innovation can entirely be appropriated by the principal (A = 1) or the agent (A = 0). It is clear
that, if the principal can capture the entire surplus from the innovation (A = 1), the agent refuses to develop
any innovation (e7(1,Y") = 0) due to the lack of prospective compensations. This in turn implies a zero
payoff for the principal from innovation (ITf (¢%(1,Y), 1,Y’) = 0). If the agent can capture the entire surplus
(A = 0), he is motivated to implement the first-best effort level e7(0,Y"). However, the principal does not
benefit from the innovation (IT? (€%(0,Y"),0,Y") = 0). The previous observations imply that the principal can
only benefit from the innovation if A € (0, 1) such that both involved parties receive a strictly positive share
on the corresponding surplus. The next lemma emphasizes the relationship between the appropriability of

the innovation A and the principal’s expected net payoff from innovation.

Lemma 2 There exists a threshold innovation appropriability level \* € (0,1) such that the principal’s
expected net payoff from innovation T (e3(\,Y), \,Y) is increasing in \ for \ < \*, and decreasing in \
for A > \*.



Lemma 2 exposes one of the fundamental forces in our framework. As discussed above, a more appropri-
able innovation (higher \) diminishes the agent’s incentives to develop an innovation opportunity. However,
this concurrently enhances the principal’s share on the created surplus. Thus, an increase in A has two op-
posite effects on the principal’s expected payoff from innovation. We thus encounter a familiar result from
the incentive literature, namely that for low level of incentives (A > \*) both the principal and the agent
would benefit from stronger incentives. For higher levels of incentives (A < A*), however, only the agent
benefits from stronger incentives, while the principal’s cost of giving up rents exceeds the benefits of stronger

incentives.

4 The Agent’s Specialization Decision

4.1 The Agent’s Task Choice

The agent, while being charged with conducting the standard task, may privately observe a potential inno-
vation with the firm-specific value Y. He is thus faced with a private specialization decision which cannot
directly be controlled by the principal. Put differently, the agent needs to decide on how much effort he
wants to allocate to the standard task versus the development of the innovation respectively.

The next lemma emphasizes the relationship between the innovation value Y, which is privately observed

by the agent, and his optimal effort allocation.

Lemma 3 There exists a threshold innovation value Y such that for Y < Y4, the agent only conducts the

standard task (i.e., € > €7 = 0), and for Y > YA the agent only explores the innovation (i.e., e;>es=0).

According to Lemma 3, the agent either conducts the standard task or pursues the innovation.'?> The
threshold Y4, which captures the agent’s specialization decision, maximizes his expected utility across both
tasks. Using the agent’s optimal effort levels e7(/5) and ej(\,Y) as defined by (2) and (6), his expected

utility can be stated as

yA4 )
U0 = [ ot s —clesa®(v) + [ ot (1= NYpei —clepldp). @)

"2Technically, this lemma is due to the fact that both tasks have a constant marginal expected benefit, and that the disutility of
effort is convex in total effort. This is extremely useful, because it generates a unique threshold between the standard task and the
innovation. However, we demonstrate in section 7.4 that the model can be extended by allowing for decreasing marginal benefits
of effort, so that the agent divides his time between the two activities. We show that our main results—in particular the optimal
adjustment of effort incentives—also hold for the more general framework.
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Note that we have suppressed the arguments of e and e}. For parsimony purposes, we stick to the same
practice in the remainder of this paper. It follows directly from the first-order condition with respect to Y

that the agent’s threshold innovation value Y4 (/3, \) is implicitly characterized by
pes —cles) = (L= \Y pef — eleq), (8)

which is equivalent to U® (ex,B) = Ul(es, A\, Y4). We can immediately infer from (8) that the agent’s
choice between exploitation (standard task) and exploration (innovation) is determined by his respective
rents for conducting these tasks. At first glance, the agent’s specialization decision is beyond the principal’s
control. However, recall from Lemma 1 that the provision of incentives for the standard task directly affects
the agent’s associated rent extraction. Thus, we can infer from (8) that the principal has some latitude to
indirectly control the agent’s specialization decision by adjusting standard incentives (3). We now clarify
the relationship between effort incentives for the standard task and the agent’s preference for exploring

potential innovation.

Proposition 1
(i) If the principal provides the agent with stronger incentives for the standard task, the agent innovates

less frequently. Formally, the agent’s threshold innovation value Y (8, \) is increasing in 3.

(ii) The greater the appropriability of the innovation ), the less the agent innovates, i.e., YA(3,\) is

increasing in \.

Proposition 1 establishes the fundamental mechanism by which the principal can indirectly control the
agent’s specialization decision. Accordingly, intensifying effort incentives for the standard task allows the
principal to make the exploration of innovation less attractive to the agent. The reason is as follows. From
Lemma 1 we know that the principal can affect the agent’s rent from the standard task by adjusting the
bonus payment 3. This in turn determines the value of conducting the standard task relative to developing
the innovation, and hence the agent’s preferences, as reflected by the threshold Y. Generally speaking, it
requires sufficiently more ’promising’ ideas for the agent to be innovative. Note, however, that adjusting
standard incentives with the aim of manipulating the agent’s specialization decision comes at a cost for the
principal: it impairs the profitability of the standard task.

The second part of Proposition 1 provides an important and intuitive comparative static result for the
agent’s innovation preference. The greater the appropriability of the innovation (), the weaker his preference

for innovation, as reflected by a higher threshold value Y4,

11



4.2 The Principal’s Preference

In order to understand the principal’s optimal compensation choices, it is useful to first understand the princi-
pal’s preference for innovation, and to compare her preferences to the actual choices made by the agent. For
now it suffices to examine the principal’s innovation preference at the unconstrained level 5p; in Section 6
we will generalize it by accounting for the optimal level of 3. We define Y©'(3;, \) as the threshold value of
Y, such that the principal prefers the agent to perform the standard task for all Y < Y7, and the innovation
otherwise. '3

Given the agent’s second-best effort levels e and e as characterized in Section 3, the principal’s ex-

pected profit is

yP 00
() = /0 V(eh) — a— Bel] dd(Y) + /Y W} — o] da(Y). ©)

Note that by construction Y does not depend on 3. As a consequence, II(-) is always maximized at .

The optimal choice of Y *’(3y, \) is then implicitly characterized by
V(ey) — Boety = YT e, (10)

which is equivalent to I1%(e¥, 39) = IIf(e%, A\, Y'F). The principal’s preference is simply dictated by her
respective payoffs from either tasks. As for the agent, preferences for a specific task choice are not affected by
the fixed wage a.. The next lemma focuses on the relationship between the appropriability of the innovation

A and the principal’s innovation preferences Y ©.

Lemma 4 The principal’s preferred threshold innovation value Y (By, \) is decreasing in X for X < \*,

and increasing otherwise.

Lemma 4 shows that the principal’s innovation preferences, reflected by Y'*°, are non-monotonic in the
innovation appropriability A. From Lemma 2 we know that the principal’s profits from innovation first
increases and then decreases in A. This insight drives Lemma 4. For low A (i.e., A < \*), the principal
benefits from a higher share on surplus, making innovation relatively more attractive. However, this result is
reversed for higher levels of the appropriability of innovation (i.e., A > A\*).

We are now well equipped to contrast the principal’s and agent’s preferences for exploration versus

exploitation, holding incentives constant at the unconstrained level 3.

BThere also exists an alternative interpretation of the threshold value Y7 (8o, \). Consider a model in which the principal, not
the agent, makes the task decision. This could be either because the principal observed the signal Y, or because the agent requires
some essential resources in order to pursue the innovation. In such a model, it is easy to see that the principal’s optimal choices are
always o for the incentive compensation, and Y'* for the task allocation.
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Figure 1: Task Choice: Principal’s vs. Agent’s Preferences

Proposition 2 There exists a threshold level of the innovation appropriability \**, with \** < \*, such that
the agent prefers more innovation than the principal if X < \** (i.e., YA(8y) < Y (By)). Otherwise, the

agent prefers less innovation (i.e., YA (3y) > YT (5)).

Figure 1 illustrates the principal’s and agent’s preferences, Y/ and Y4, for different values of the in-
novation appropriability \.!* Consider first the intersection of both curves. At \**, both the principal’s
and the agent’s preferences towards exploration and exploitation are perfectly aligned. Put differently, we
would observe the same effort allocation for all potential innovation values, irrespective of whether or not
the agent’s specialization decision can be dictated by the principal. The specific value A** of the innovation
appropriability, where preferences are perfectly congruent, will play an important role in our subsequent
analysis. For all other values of A we can infer from Figure 1 that preferences differ. More specifically, if
the agent is in a relatively better bargaining position than the principal because of a low appropriability level
(A < A*), he prefers to focus more frequently on innovation at the expense of the standard task. Yet, the
agent has stronger preferences towards exploitation (the standard task) as compared to the principal if the
innovation is highly appropriable (A > A**). Figure 1 thus illustrates the conflict of interests between both

the principal and the agent, which constitutes the foundation for our subsequent analysis.

“We show in the Appendix that, if the entire surplus goes to either the principal (A — 1) or the agent (A — 0), the principal’s
preferred threshold Y ¥ () goes to infinity. Because innovation lead to zero payoffs for the principal in both cases, she wants the
agent to exert only the standard task, irrespectively of potential innovation values. The same observation applies to the agent’s
preferred threshold y4 (+) in case the principal receives the entire surplus (A — 1).
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5 Firm’s Optimal Incentive Provision

5.1 Balancing Incentives and Task Choice

We can now investigate the principal’s choice of contracts which aim at balancing incentives for the standard
task and the efficiency of the agent’s task choice. Because the agent has private information, the principal
might benefit from offering a menu of contracts that allows the agent to self-select, and thereby to reveal
some of his private information. Even though the variable of the information asymmetry, Y, is continuous,
the analysis above already shows that we can classify agents into two types: the first type (for lower values
of Y') wants to exclusively focus on the standard task, the other type (for higher values of Y') wants to pursue
his innovative idea. A useful aspect of this model that greatly simplifies the analysis is that once an agent
has chosen to be one of these two types, the exact value of Y turns out to be unimportant for the purpose
of designing the optimal contract. Intuitively, if the agent chooses to focus on the standard task, the exact
value of Y is irrelevant since the innovation is not pursued anyway. If, on the other hand, the agent does
pursue the innovation, the exact value of Y obviously matters for the agent’s effort decision. However, as
we will see below, the principal’s choice of contractual instruments is sufficiently limited so that she would
always want to offer the same contract to all agents that pursue their innovative ideas. We can therefore
limit the analysis to the case where the principal offers a menu of two contracts. To do so, let {a*, 3*}
denote the contract tailored to the agent who wants to exert the standard task, and {a**, 3**} the contract
for the innovative agent, respectively. For future reference, we denote the optimal menu of contracts by
@ = {{o", 57}, {a™, 57}

We immediately note two important properties of the optimal menu of contracts. First, we can deduce
from Lemma 1 that the optimal contract for the non-innovative agent comprises a® = 0. Moreover, since the
innovative agent would disregard the standard task, his optimal contract is characterized by 3** = 0. Thus, it
remains to derive the optimal bonus 3* for the non-innovative agent, and the optimal fixed wage o** for the
innovative agent. To characterize the optimal menu of contracts, we proceed in two steps. First, we derive
the remaining contract components for both types of agents separately. Second, we characterize the optimal
menu of contracts for different values of A which accounts for the principal’s preference for innovation.

Consider the contract {a* = 0, 3*} a non-innovative agent would choose. This contract maximizes the
principal’s expected profit, taking the agent’s second-best effort levels e and e7, and his threshold innovation

value Y4(3, \) into account. The principal’s expected profit is thus given by

yA4 0
Mg, er. 0.5 = [ (V(es) — feslaw(y) + [ Y neildo(y) (an
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Incentives for the standard task affect the principal’s expected profit in two ways. First, the bonus 3 indirectly
determines the agent’s standard effort e, which has a significant impact on the profitability of exploitation.
Second, the bonus (3 influences the agent’s specialization decision, as reflected by the threshold Y4 (3, \).

From the first-order condition, the optimal bonus 5*(\) is implicitly characterized by

o
B

oY) dy 4
S(VA) df

[’ — 11°] (12)
The central insight from this equation is as follows. Suppose that II’ > II°. This means that at Y4(3, \)
(i.e., the agent’s point of indifference between the two tasks), the principal prefers innovation over the stan-
dard task. Intuitively, this corresponds to the case where A > A** in Proposition 2 (see also Figure 1). To
act upon her preference for innovation, the principal now adjusts the agent’s compensation. The above first-
order condition indicates that for IT' > II°, the optimal compensation occurs at a point where 9II° /93 is
positive. Given the concavity of IT¥ (see Lemma 1), this means that 3* (A\) < By, i.e., the principal lowers the
incentive bonus below the unconstrained level. The intuition is that lowering standard incentives reduces the
agent’s rent from the standard task, and therefore encourages him to pursue more innovation. For IT < I,

the opposite applies. The following proposition formalizes the intuition.

Proposition 3

(i) For A\ < \**, the optimal incentive bonus lies above the unconstrained level (i.e., 3*(\) > o), and
for A > \** the optimal incentive bonus lies below the unconstrained level (i.e., 3*(\) < (o).

(ii) For A\ < X\*, the optimal incentive bonus (3*()\) is decreasing in \ (i.e., d3*(\)/d\ < 0), and for
A > \*, the optimal incentive bonus 3*(\) is increasing in X (i.e., d3*(\)/dX > 0).

Next, consider the contract {o**, 3** = 0} that an innovative agent would choose. Although the fixed
payment o** does not affect the agent’s effort choice, it can be adjusted to manipulate his specialization de-
cision. This can be shown as follows: by accounting for the menu of contracts Q2*, the agent’s preferences—
reflected by Y “—are implicitly characterized by U (a* = 0, *()\)) = Ul (a**, 3** = 0,Y ). Implicit
differentiating Y4 with respect to o** yields

dy4 1

= — . 13
do* (1 = X)pey <0 (13)

Clearly, providing the agent with a higher fixed wage o** as part of a menu of contracts encourages him to

pursue more innovation. The optimal fixed payment o™* maximizes the principal’s expected profit given by

y4 o0
e = [ Wies) = ezl an) + [ e —a”]aa(y), (14)
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Figure 2: Innovation Appropriability and the Optimal Menu of Contracts

The optimal fixed wage o**(\) is implicitly characterized by the following first-order condition:

oY) dY 4

[HS B H[] @(YA) da**

15)

This equation offers an important insight into the optimal design of incentive contracts. Clearly, (15) can
only be satisfied if II7 > II°. In this case, the principal strictly prefers innovation over the standard task,
and is thus willing to offer the agent a contract comprising a strictly positive base wage o**(\). Otherwise,
innovation are of relatively less importance for the principal such that she refrains from offering the agent a
strictly positive fixed wage. To get a more complete picture of the optimal base wage offered to innovative

agents, the next proposition elaborates on the relationship between o**(\) and the innovation appropriability

A

Proposition 4
(i) For X < X\**, the optimal fixed wage o**(\) is identical to the unconstrained level (i.e., o (\) =
ag = 0), and for X > \**, the optimal fixed wage o*(\) lies above the unconstrained level (i.e.,
a**(\) > ap =0).
(ii) For \** < X\ < X%, the optimal fixed wage o**(\) is increasing in X (i.e., da**(\)/d\ > 0), and for
A > \¥, the optimal fixed wage o** (\) is decreasing in X (i.e., da™*(\)/d\ < 0).

Figure 2 illustrates the fundamental insights from Propositions 3 and 4. Consider first the optimal incen-
tive bonus 3*(\) offered to non-innovative agents. For low levels of A (i.e., A < \*), 3*()) is decreasing
in A, reflecting the above-mentioned desire of the principal to encourage innovation by reducing the agent’s
rent from the standard task. This desire reaches its peak at \*, where we know from Lemma 2 that the princi-

pal obtains maximal profits from innovation. Observe further that at A**, the optimal bonus 3*(\) becomes
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identical to the unconstrained level 5. Indeed, we know from Proposition 2 (see also Figure 1) that at A**,
the principal and the agent have congruent preferences towards the task choice, reflected by identical inno-
vation thresholds Y” and Y'4. Finally, for \ < A\**, the principal wants to actively discourage innovation
and refocus the agent on the standard task. For this she raises the incentive bonus above the unconstrained
level.

Since the optimal fixed payment o**(\) for innovative agents does not interfere with effort incentives,
its exclusive objective is to manipulate the agent’s specialization decision. We know from Proposition 2
that the agent is too innovative from the principal’s perspective for A < A\**. To discourage innovation, the
optimal menu of contracts comprises higher-powered incentives (i.e., 5*(\) > (), and a zero fixed payment
(i.e., a* = 0). For A > A\**, however, the principal wants the agent to pursue more innovation, which can
be achieved by lowering standard incentives (as discussed above), and offering a strictly positive base wage
for innovative agents. Because the principal’s benefit from innovation reaches its peak when A = \*, she
minimizes standard incentives and maximizes the base wage for innovative agents.

From the previous discussion it becomes clear that the optimal menu of contracts 2*(\) crucially hinges
on how much of the surplus from innovation can be captured by the principal, which is dictated by the
innovation appropriability level A\. Because a contractual choice on the side of the agent encourages more
innovation, offering a menu of contracts can only be optimal whenever the agent is not innovative enough,
which is clearly the case for A > A**. The next proposition characterizes the optimal menu of contracts for

all values of A based upon our previous observations.

Proposition 5 7o discourage innovation for \ < \**, the principal offers the agent the contract {a* = 0, 5*(\) }.

In contrast, to encourage more innovation for A > \**, the principal offers the agent a menu of contracts

0 = {{a" =0,58" (N}, {a™ (1), 57 = 0}}.

Proposition 5 in conjunction with Proposition 3 addresses an important economic puzzle around low-
powered incentives. Many formal and informal empirical studies (e.g. Williamson, 1975, Parent, 2002) have
commented on the prevalence of low-powered incentives in many (but not all) organizations. If one only
focuses on the formal job description of an employee, it might seem that higher-powered incentives would
generate more efficient outcomes. In fact, this is clearly apparent in the current model: for A > A** we
observe low-powered incentives (i.e., 3*(\) < (3y); by focusing only on the standard task, it would appear
as if there are opportunities for increasing (Pareto-) efficiency by enhancing incentives to 5. However, a
central insight of this paper is that focusing on the planned and measurable part of the job description is too
narrow a focus, because employees may also have opportunities to pursue unplanned innovation. Proposition

3 thus shows under what conditions the presence of these unplanned innovation can explain the prevalence
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of these low-powered incentives. The condition is simply that most of the surplus from innovation can be

appropriated by firms. Empirically, this is likely to be true in many but not all circumstances.

5.2 Equilibrium Levels of Innovation

In the analysis of section 4.2, we evaluated preferences at the unconstrained performance bonus 5. We
now complete the analysis by explaining how innovation preferences behave at the optimal menu of con-
tracts Q*(\) € {{0,8*(N\)},{a™*(X),0}}. Proposition 3 explains the optimal choice of incentives, and
Proposition 1 shows how incentives affect the agent’s specialization decision. We now characterize how
the agent’s equilibrium choice Y'4(22*()\), A) depends on A. Moreover, we examine whether in equilibrium
there remains any discrepancy between the principal’s and agent’s innovation preferences, i.e., we compare

YP(Q*(N), A) with YA(Q*(\), \).

Proposition 6
(i) For A < X\**, the optimal menu of contracts 2*(\) discourages innovation by raising the agent’s
innovation threshold Y4 (i.e., YA(Q*(\), ) > YA(By, \)). For A > X\**, the optimal menu of con-
tracts encourages innovation by lowering the agent’s innovation threshold Y4 (i.e., Y A(Q*(\), \) <
Y4 (o, A)).
(ii) For A < \**, the agent chooses too many innovation relative to the principal’s preference (i.e.,
YA (N, N) < YP(Q*(\),\). For A > X\**, the agent chooses too few innovation relative to

the principal’s preference (i.e., Y A(Q*(N\), A) > YT (Q*()), \)).

Figure 3 illustrates the results from Proposition 6. The agent’s equilibrium response to incentives is very
intuitive. For A > A\**, the optimal menu of contracts generates fewer rents for the standard task, which
encourages the agent to focus relatively more on innovation, thus resulting in a lower threshold Y4. The
opposite is true for A < \**.

The principal’s preferred innovation threshold Y also depends on the level of incentives.!> Interest-
ingly, we find that the principal’s innovation threshold under the contract {0, 3*}, Y (5%, \), always lies
below Y ¥ (g, \), the threshold based on the unconstrained performance bonus (except for A = \** where
B* = [Bp). The reason is that §y maximizes the principal’s net value from the standard task. Any other
choice of 3, irrespective of whether it is higher or lower than 3y, generates lower profits from the standard
task, which in turn raises the principal’s preference for innovation (implying a lower innovation threshold

Y'P). However, the effect of the alternative contract {o**, 0} on the principal’s preference Y’ is ambiguous.

ISRefer to Proof of Proposition 6 in the Appendix for the analytical results discussed below.
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Figure 3: Menu of Contracts and the Adjustment of Preferences

First, this contract comprises a fixed wage which lies above the unconstrained level for A** < A < 1, which
in turn compromises the efficiency of innovation. Thus, one could expect Y* to increase. On the other hand,
the principal set’s 3** = 0, rendering the standard task unprofitable. As can be inferred from our previous
discussion, this would clearly lower Y'*'. The net effect on Y'*’, however, depends in particular on the appro-
priability level . Finally, comparing the agent’s equilibrium innovation choice Y4 (€2*()), \) with the prin-
cipal’s equilibrium preference Y’ (€2*()), \), we note that except at \**, there always exists a discrepancy.
Despite providing optimal incentives, for high appropriability levels of innovation the principal still finds
that the agent pursues too few innovation (i.e., for A > \**, we have YA(Q*(\), \) > Y (Q*(\), \)).10
The interval (Y7 (Q2*()), \), YA(Q*(\), \)) has an interesting interpretation: every time a perceived inno-
vation value Y falls into this interval, the agent privately forgoes the innovation opportunity, even though the
principal would have liked to see him pursue. For low levels of appropriability, we encounter the opposite
situation. The agent pursues more innovation than the principals wants him to. Every time the potential
innovation value Y falls into the range (Y4(Q2*(\), \), Y(Q2*()\), \)), the agent pursues the innovation,
even though the principal would have preferred the agent to stick to the standard task.

As an aside, one may wonder whether the trade-off between standard tasks and innovation could not

be solved by hiring different groups of employees, one that focuses solely on standard tasks, the other on

11t is interesting to note that while standard incentives could be tailored to ensure perfect alignment of preferences, it is not
optimal for the principal to do so. This is because adjusting the menu of contracts is costly to the principal: raising the fixed wage
« imposes additional costs without affecting the effort intensities, and changing the incentive bonus (3 lowers the efficiency of the
standard task.
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innovation. The above analysis clarifies that this is never optimal in this setting, for two reasons. First, a
purely innovative agent would pursue every innovation as long as Y > 0 and A < 1, and thus, would always
be too innovative from the perspective of the principal. Second, agents ‘exclusively’ employed for standard
tasks might still come up with valuable innovative ideas, and will thus still be exposed to the trade-off

between sticking to the standard task versus pursuing the innovation.

6 Evaluating The Agent’s Specialization Decision

In this section, we characterize several benchmarks which allow us to shed more light on the efficiency of
the agent’s private task choice from a social perspective. There are a variety of benchmarks against which
one may evaluate the agent’s task choice between innovation and the standard task, as characterized by
YA(Q*()\),\). We have already encountered one such benchmark, namely the principal’s preference for
innovation, as characterized by Y (Q2*(\), \). We now explore two additional benchmarks that are based
on the joint utility of the principal and the agent, using the sum of utilities as a standard social welfare
criterion. Our first benchmark assumes an active social planner who can implement a first-best contract.
Our second benchmark assumes a passive social planner who cannot influence the equilibrium outcome, but
evaluates whether there is too much or too little innovation from a social perspective.

Our first social benchmark is the first-best outcome, which is defined as the outcome chosen by a social
planner who can control all of the principal’s and the agent’s choices. In our model, the social planner would
need to be able to control the agent’s task choice—the corresponding threshold is denoted by Y —and his

effort choices eg and ey in order to maximize the total surplus, given as

~

Y o
S(es,er,Y) = /0 [V(es) — c(eg)] d®(Y) —i—/{/ [Yuer — c(er)] de(Y). (16)

The first-best effort choices eg B and ef B are implicitly characterized by the first-order conditions V' (eg) =
d(es) and Y u = /(er). Moreover, the first-best innovation threshold YFB satisfies
V(eEkP) — c(ekP) :?FBueIFB—c(efB). (17)

Notice that Y73 is not affected by the innovation appropriability A. This can be observed because A deter-

mines only the division of surplus from the innovation, and not the total surplus.
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Figure 4: Social Efficiency of the Agent’s Task Choice

Our second social benchmark takes the equilibrium outcome—§* (), Y 4(Q*()\)), e, and ef—as given,
and considers the preferences of a (powerless) social planner that cares about the total surplus. One can easily

verify that the second-best social benchmark Y58 (2 (M), A) satisfies
Viey) - elek) = P5Pue; — e(ef). (1)

We now state the main proposition for this section.

Proposition 7 Consider the first-best social benchmark Y '8 and the second-best benchmark Y 5B (Q*(X), \).
(i) Relative to YFB, there is too much innovation for sufficiently low X (i.e., YA (Q*(\), \) < YFB) and
too little innovation for sufficiently high X (i.e., Y (0" (\), \) > YFB),
(i) Relative to Y SB(Q* (), \), there is too much innovation for X < \** (i.e., YA(Q*(A), A) < YSB(Q*(\), \)),
and too little innovation for \ > \** (i.e., Y A(Q*(\), \) > }/}SB(Q*()\), A)).

Figure 4 illustrates this result. Consider the first-best social benchmark YFB, Clearly, YyFB always lies
above YA(Q*(\), \) at A = 0. We briefly sketch the main intuition. At A = 0, the agent always provides
efficient effort e? B because he is the full residual claimant of the innovation value. For yF B the agent
would also provide efficient effort £, but this is not true for Y4(Q*(0), 0), since the agent is not the full

residual claimant of the value of the standard task. This could only be achieved if the principal ’sells’ the
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firm to the agent by setting o < 0.!7 This, however, would violate the agent’s liability limit, and is thus not
feasible in this environment.

Finally, the second-best social benchmark Y55 (Q2*(N), A) is essentially a weighted average of the prin-
cipal’s and the agent’s preferences. It therefore behaves in a straightforward manner: whenever the principal

wants more or less innovation than the agent, then the same is true for the social planner.

7 Extensions

7.1 Tolerance of Failure

In a recent paper, Manso (2007) investigates how firms can encourage more innovation in a dynamic en-
vironment. He shows that the optimal dynamic contract exhibits tolerance for failure in the short run, but
high-powered incentives in the long run. While Manso focuses on the case where the agent exerts only in-
novative activities, we consider how incentives for standard tasks interfere with incentives to innovate in a
multi-tasking setting. It is therefore not only logical, but also of high practical relevance to examine whether
adopting a tolerance policy can be optimal for firms when exploitation and exploration are two competing
objectives.

We will think of the tolerance policy as a choice of organizational culture, and assume that the organiza-
tion either tolerates failure or not. We also use a very simple specification, where tolerance means that the
firm can soften the impact of an employee’s failure to either produce an innovation, or to generate a positive
signal for the standard task.!® Specifically, we assume that tolerance of failure means that the agent obtains
€ > 0 instead of 0 in case of failure. For simplicity, we further assume that the provision of ¢ is costless to
the principal. What we have in mind is a corporate culture, where unsuccessful agents are protected and e.g.
not humiliated in front of coworkers, which in turn provides them with a higher utility level as compared to
the most severe punishment strategy.!® By allowing for tolerance, the agent’s first-order conditions (2) and
(6) change to

B—e=_des), (19)

(1= XN)Ypu— pe=_"ep). (20)

17 Alternatively, the principal could set o = 0 and adjust 3 such that the agent obtains the entire surplus from the standard tasks.
In this case, however, the principal’s net payoff from the standard task is zero, implying that this solution cannot be optimal.

'8 An alternative modeling strategy would be to assume that the firm has fine-grained control over tolerance for failure, so that
it could distinguish between the failures of employees that attempted to innovate, versus the failures of employees that worked on
their standard tasks. Allowing the firm to have such a fine-grained control over tolerance for failure would make the policy clearly
more powerful. We focus on the case where tolerance for failure occurs at a coarser level of corporate culture, which appears to be
closer to the empirical phenomenon we are trying to model here.

A large sociology literature discusses how corporate culture can encourage or discourage innovation. See, for instance, the
influential work of March (1991).
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For simplicity, suppose that ¢ is sufficiently small such that the agent still wants to implement effort under
either tasks, i.e., eg, e > 0. Clearly, tolerance for failure curbs effort incentives for both tasks, which
constitutes indirect costs of a tolerance policy for the principal. However, the benefit of adopting a tolerance

policy lies in the motivation of innovative activities, as exposed by the next lemma.

Lemma 5 Whenever the agent is sufficiently less likely to succeed in innovation than in standard tasks, a
tolerance policy induces more innovation. Formally, there exists a threshold p* > 0 such that tolerance for

failure leads to more innovation if ;. < p*,

Tolerance for failure encourages more exploration whenever the agent is less likely to succeed in inno-
vation as compared to standard tasks. In this case, a tolerance policy is a viable means to promote innovative
activities inside firms. Indeed, Tian and Wang (2009) provide empirical evidence that tolerance for failure
leads to more innovation inside firm. However, a tolerance policy is clearly a two-edged sword: while it
may promote innovation, it also impairs the agent’s incentives to implement effort for exploitation and ex-
ploration. The next proposition clarifies that although adopting a tolerance policy can induce the agent to be

more innovative, it is not always optimal for the principal to do so.

Proposition 8 Suppose that tolerance for failure encourages more innovation (i.e., u < p*). Then, there
exists a threshold innovation appropriability level N with X\ > A\**, such that the principal should never be

tolerant towards failure for A < \, but should always be tolerant for A\ > A

Our previous observations indicate that the agent is already too innovative for low levels of innovation
appropriability. A tolerance policy would only induce more innovation at the expense of the standard task,
and can thus not be optimal. For A > \**, however, the principal clearly wants the agent to be more inno-
vative (see Proposition 6). Then, the principal faces a trade-off between encouraging more innovation and,
concurrently, mitigating effort incentives for both tasks. According to Proposition 8, adopting a tolerance
policy is only optimal for the principal if innovation are highly firm-specific (i.e., A > A). Only in this case,

the pursuit of more innovative ideas compensates the principal for lower effort.

7.2 Investing in Employee Innovation

Employment contracts are not the only tool for the principal to influence the agent’s choice between exploita-
tion and exploration. For instance, the principal can invest in human capital, in order to improve the agent’s
ability to successfully develop innovation, thus making exploration more attractive. In the same vein, the

principal can provide access to physical assets and infrastructure in order to facilitate the pursuit of promis-

23



ing ideas. For instance, Google cultivates a creative environment by allowing its employees to dedicate one
day every week to pursuing their potentially innovative ideas.

To capture potential investments in employee innovation, we now endogenize the likelihood of success-
fully bringing an innovative idea to fruition. Technically, suppose the principal can affect the innovation
process by choosing u € M, ﬁ}, where 0 < p < i < 1. Improving the agent’s ability to successfully
develop an innovation imposes convex costs c(u), where ¢(u) = 0 and c(jz) = oo. Intuitively, investing
in employee innovation has two effects (see the Appendix for a formal proof). First, it makes exploration
more attractive to the agent such that he becomes more innovative (specialization effect). Technically, the
agent’s threshold Y4 decreases in z. Second, once pursuing a promising idea, the agent is motivated to work
harder in order to turn this idea into an exploitable innovation (incentive effect). Technically, the agent’s
innovation effort e7 increases in y for all A < 1. Thus, investing in employee innovation is a viable means to
promote exploration activities within firms. Clearly, according to our previous observations, this might not
always be desirable from the principal’s perspective. The next proposition exposes a condition for investing

in employee innovation being profitable for the principal.

Proposition 9 There exists a threshold level of the innovation appropriability X***, with \*** < X\**, such
that it is optimal for the principal to invest in employee innovation for \*** < X\ < 1 (i.e, p*(\) > p).

Otherwise, the principal never invests in employee innovation (i.e., j1*(X) = ).

The most important insight is that for sufficiently low appropriability levels (A < A***), the principal re-
fuses to invest in innovation, even though innovation does occur in equilibrium. Put differently, the principal
deliberately keeps the return to innovation down, in order to discourage the agent from pursuing innova-
tion. Such a behavior is clearly socially inefficient. This insight further explains why some companies lack
innovation: their strategy is to focus on their core business where tasks are measurable, so that innovation
becomes a distraction.

For high levels of innovation appropriability (i.e., A** < A < 1), we know from Proposition 6 that the
agent is not innovative enough. In this case, it is intuitively clear that the principal finds it optimal to invest
in employee innovation, in order to encourage more innovation. An interesting observation can be made for
intermediate values of A (i.e., A™* < A < A**). Although the agent is already too innovative, the principal
still finds it optimal to invest in employee innovation. This observation is rooted in the above emphasized
incentive effect, which has a positive effect on the principal’s expected payoff from innovation. Here, the
incentive effect clearly outweighs the specialization effect, such that it is optimal for the principal to support

innovative activities despite distracting the agent even more from exploitation.
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7.3 Allocation of Intellectual Property Rights

One interesting implication from our model concerns the allocation of intellectual property rights (IPR hence-
forth). If one models the allocation of IPR—see Aghion and Tirole (1994) or Hellmann (2007) for two
examples—then one invariably obtains the result that allocating IPR to the agent increases his share of the
surplus from innovation. In other words, if A (A“) denotes the division of rents when the principal (agent)
owns the IPR, then one can expect that \” > A4 (AP < A*). Figure 5 illustrates the principal’s expected
profit for the optimal menu of contracts Q*(\) € {{0,3*(\)},{a™*()),0}}, and thus provides a simple
visualization for evaluating the principal’s decision on whether to relinquish IPR to the agent. For example,
for A\f' > \*, the principal might want to relinquish IPR, whereas for A\’ < \*, she would never want to do
so. Another interesting special case is where IPR convey absolute bargaining power, so that either \¥’ = 1

or A\’ = 0. In this case, Figure 5 reveals that the principal would never relinquish IPR.

7.4 Continuous Task Choice

The fundamental insight from our discrete task choice model is that the incentive bonus for the standard task
lies above the unconstrained level (i.e., 5*(\) > () for a low innovation appropriability (0 < A < \**),
and below the unconstrained level (i.e., 5*(\) < () for high appropriability levels (A** < A < 1). In this
section, we demonstrate that this result even holds in a more general setting where the agent’s task choice is
continuous.

In an environment with a continuous task choice and private information about Y, it is optimal for the
principal to offer the agent a menu consisting of a continuum of contracts. To keep the subsequent analysis

tractable, however, assume that Y can also be observed by the principal, but she needs the agent to bring
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the idea to fruition. This in turn allows us to focus exclusively on a single contract which aims at balancing
effort incentives and the agent’s effort allocation.

To ensure that the agent makes a continuous task choice, we relax our initial assumption of constant
marginal benefits for the standard task and innovation. In particular, let Prob[S = 1les] = p(es) be the
conditional probability that S = 1, with p’(eg) > 0 and p”(es) < 0. Moreover, the conditional probability
of the innovation process being successful is Prob[Y" > 0O|er] = p(er), with ¢i/(ef) > 0 and p”’(er) < 0. To
ensure interior solutions, we also assume that p’(0) = 1/(0) = oo.

Given a bonus contract («, 3), the agent chooses his effort levels eg and ey to maximize his expected
utility

Ules,er) = a+ Bples) + (1 — Au(e) — cles +er). (21)

It can be deduced from the first-order conditions that the agent’s second-best effort levels e and e} are

implicitly characterized by

Bp'(es) = c(e), (22)
(1 =N (ef) = (e). (23)
The next lemma summarizes important comparative statics results.

Lemma 6 In the continuous task choice model, the agent’s

(i) effort for the standard task €% is increasing in the incentive bonus (3 and in the innovation appropri-

ability A (i.e., de/dB > 0 and del/dX\ > 0);

(ii) innovation effort e} is decreasing in the incentive bonus (3 and in the innovation appropriability X (i.e.,
dej/dp < 0and dej/d\ < 0);

(iii) total effort e* = eg + e} is increasing in the incentive bonus (3 and decreasing in the innovation

appropriability X (i.e., de* /d3 > 0 and de* /d\ < 0).

It is intuitively clear that more standard incentives alter the agent’s effort allocation towards a stronger
focus on the standard task. The opposite observation can be made for the agent’s incentives to innovative,
which is (reversely) captured by the appropriability parameter .

To illustrate potential conflicts of interests with respect to the agent’s effort allocation, we now identify
the effort allocation desired by the principal. For a given innovation appropriability A, the principal prefers

the effort levels eg and e; which maximize

I(es,er) = V(es) + AY u(er) — cles +er). 24)
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The effort levels desired by the principal, denoted eg and ef , are implicitly characterized by the following

first-order conditions:

Vies) = d(e), (25)

XY ' (ef) = d(e). (26)

The next lemma contrasts the principal’s with the agent’s preferences for innovation, and thus provides an

intuitive rationale for the subsequently investigated contract adjustments.

Lemma 7 There exists a threshold level of the innovation appropriability \** such that the agent focuses

too much on innovation for X < \** (i.e., e} > ef), and too little for X\ > \** (i.e., e < ef).

As for the discrete task choice model, the conflict of interests between the principal and the agent is
determined by the appropriability of innovation opportunities. In particular, low levels of innovation appro-
priability induce the agent to be too innovative from the principal’s perspective, while the opposite is true for
high appropriability levels.

It remains to characterize the optimal bonus contract («*, 3*). The principal’s problem can be stated as
follows:

max (e, B) = V(eg) — a — p(es)B + AY p(ep), 27

where o > 0 and a + 3 > 0. Note first that the agent’s liability limit implies a* = 0.2° For convenience, let
I1° = V(e%)—ples)Band IF = AY u(e}). Accordingly, the optimal bonus 3*()) is implicitly characterized

by the following first-order condition:

di(g)  did 4t
i3~ dp + T =0 (28)
! k / * d < * / * d 7
= [V(et) = 87 (3)] g5 = plel) + Wi (e g =0, 29)

The first term on the rhs of (28) represents the effect of increasing 3 on the principal’s net payoff from the
standard task. The second term captures the decline in her expected net payoff from innovation when en-
hancing incentives for the standard task, and hence, distracting the agent from pursuing identified innovation
opportunities. As in the previous discrete task choice model, the optimal bonus 5*(\) thus needs to balance
incentives for the standard task and the agent’s motivation to develop innovation. To evaluate the optimal

bonus 3*(A) for different values of ), it is essential to first characterize the optimal bonus in the absence

2See Proof of Proposition 1 for a formal derivation.
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of innovation opportunities, i.e., the unconstrained bonus /3y. To do so, suppose for a moment that Y = 0.

Then, the first-order condition (28) simplifies to

dIr®

— =0. 30
7 (30)
Clearly, in the absence of innovation opportunities, we obtain the same unconstrained incentive payment

Do as in the discrete task choice model. We are now equipped to characterize the optimal bonus 3*(\) for

different levels of the innovation appropriability A.

Proposition 10 For sufficiently low levels of innovation appropriability N\, the optimal bonus 3*(\) lies
above the unconstrained level (i.e., 3*(\) > (o). In contrast, for sufficiently high levels of innovation

appropriability \, with X < 1, the optimal bonus 3*(\) lies below the unconstrained level (i.e., 3*(\) < ).

According to Proposition 10, our main insight from the discrete task choice model—namely that low
innovation appropriability levels are accompanied with higher-powered incentives for the standard task, and
high innovation appropriability levels with lower-powered incentives—also holds in a more general contin-

uous task choice framework.

7.5 Stock-based Compensation

Our analysis rests on a fundamental assumption that innovation are not contractible. This is an intuitive
assumption: the outcome of certain tasks cannot be specified in advance, and we define these tasks as inno-
vation. One interesting objection to this line of reasoning is that even if innovation cannot be specified in
advance, it may still be possible to design incentive contracts for them. On a purely theoretical basis, Maskin
and Tirole (1999) propose a mechanism design solution to this problem, showing how the problem of un-
specified contingencies can be solved by playing a revelation game that is based on utilities implied by these
unspecified contingencies. The mechanism proposed by Maskin and Tirole, however, has been criticized for
being too abstract to be of any practical use. In addition we note that their mechanism relies on risk-averse
agents and the absence of any wealth constraints.

A more practical solution to the non-contractibility problem seems to be the use of stocks or stock
options. Indeed, it is often argued that employee stock options are a useful way of motivating employees
in innovative firms. In this section, we examine whether stock options can solve the multi-tasking problem
between planned and unplanned activities.

Stock options clearly rely on a company either being listed on a stock exchange, or else having clear

expectations of going public or being acquired in the foreseeable future. Stock options are therefore not
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a solution for the vast majority of privately held firms. Even if a company is publicly listed, there are
many problems with using stock options to compensate unplanned activities. First, the firm must have a
good understanding of the timing of the innovation in order to set an appropriate maturity date for the stock
option. Second, the firm must be able to prevent the employee from hedging his financial position in the
company. Third, it is rarely possible to price employee stock options in a manner that actually provides
efficient incentives.

Let us elaborate on the latter point. If the only uncertainty about the firm’s value is due to one employee’s
choice of the assigned versus the unplanned task, then it is theoretically possible to set a strike price of
the option such that this employee captures enough of the appreciation value to face efficient incentives.
However, as soon as we allow for other uncertainty in the value of the firm, setting a strike price to provide
efficient incentives becomes more problematic. With a stochastic firm value, stock options are either in the
money, in which case employees’ incentives to create innovation are severely diluted; or stock options are
under water, in which case they have no incentive effect at all. Moreover, awarding stock options is expensive
for the firm as it requires a transfer of rents to employees.

To illustrate our last argument, let us consider a simple extension of our base model which allows the
principal to award stock options to the agent. For simplicity, suppose the firm exists only for two periods,

and profits are paid out in the last period. The firm’s total profit in the last period, denoted 11, is
I =TT+ 114 (es, e1, Y, M), 31)

where IT4 (es,er, Y, \) denotes the agent’s contribution to firm value, and II as the value which stems from
other assets and agents. Assuming a perfect capital market, the stock price pint = 1 is

[ﬁ + A (eg, e1, Y, A)} : (32)

1 1
p:—]___[:—
n n

where n denotes the number of stocks.
From an ex ante perspective, the firm’s total profit—and thus the stock price p—is a continuous random
variable with IT € [0, c0) and standard deviation o. Assuming zero discounting and letting p denote the

strike price, the expected value ¢ of one stock option is

o(p,n) = E[max{p —p,0}] =E [max {:LH — P, OH . (33)
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Recall that IT = II + HA(eS, er,Y, ), where IT and I14 are assumed to be independent random variables.
Let ¥(II|eg, er, Y') denote the cumulative distribution function of II conditional on the agent effort levels eg

and ey, and the (privately) observed innovation value Y. The value of one stock option therefore is

* /1
90(653617}/7)\7]57 ’I’L) = / (TLH _ﬁ> d\II(H|eSa617Y)7 (34)

P

where the lower bound (np) follows from the fact that the stock option will only be exercised if IT/n > p.

To illustrate the rationale behind the subsequent analysis, suppose there are several homogenous agents
in the firm, all conducting the same standard and innovative tasks as in our base model. From the perspective
of one agent, the future stock price p has a low variability (i.e., o is low) in case very few agents are
employed. If, on the other hand, many agents are employed, individual agents perceive the future stock price
as highly uncertain as their relative impact is only very small (i.e., o is large). We can thus utilize the standard
deviation o as a natural measure of an individual agent’s relative contribution to firm value.?! Moreover, as
well known, the value of a stock option (-) is increasing in the standard deviation o for a given exercise
price p, i.e., 0p(+) /0o > 0 with lim,_. ¢(-) = co. This is also very intuitive as the agent is protected from
downside risks (due to the lower bound np), but can clearly benefit from potentially higher stock prices.

We can now analyze how the agent’s specialization decision responds to the provision of stock options
for a given strike price p. To do so, suppose the agent receives m stock options, where m is measured in
infinitesimal small units so that is becomes a continuous variable. For the sake of consistency with our base
model, we focus on the provision of stock options in addition to the incentive bonus 3.2 The next lemma

emphasizes the task choice effect which stems from the provision of stock options.??

Lemma 8 Providing the agent with a small number of stock options makes him less innovative for A < \**,
and more innovative for A > \** (i.e., YA(-,m) is increasing in m, with m — 0, for A < \**; and

decreasing in m for A > \**).

Clearly, stock options can be used to mitigate the task choice conflict between the principal and the
agent. This is a very intuitive result: by awarding stock options to the agent, his compensation becomes
more sensitive to the firm’s actual profits, which in turn aligns the agent’s with the principal’s preferences

for the choice between the standard task and innovation.

2! Alternatively, one can use o as an indicator of an agent’s relative position in the corporate hierarchy, where a low o corresponds
to agents on lower hierarchy levels, and vice versa.

2By letting 3 = 0 throughout the subsequent analysis, one could easily obtain the case where the principal awards only stock
options to the agent. As will become clear, however, this would not effect the qualitative nature of our results in this section.

BBesides this task choice effect, we demonstrate in the Appendix that the provision of stock options has also an incentive effect.
In particular, for a given incentive bonus 3, with § < %, providing the agent with more stock options induces more effort for the
standard task as well as for the innovative task (i.e., 5 and e increase).
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So far, we have ignored the costs for the principal associated with stock options. We complete our
analysis by characterizing the optimal provision of stock options. Let C(m, -) denote the principal’s costs of
awarding m stock options to the agent, with C'(m, -) = m(-). By accounting for these costs, and using the

agent’s adjusted optimal effort levels e (3, m) and e} (A, Y, m), the principal’s expected profit becomes

YA [es)
eam) = [ Vies) = feslaaqy) + [ W pei]da(y) = Clm..). (35)

YA

We are now interested to see whether the optimal provision of stock options can indeed eliminate the task
choice conflict between the principal and the agent. From the first-order condition, the optimal number of
stock options m™* is implicitly characterized by

dy4  oc()

S I A —
[I1° — 1] (Y ) = o (36)

Consider first the principal’s marginal benefit of using stock options reflected by the lhs of (36).2* By drawing
on Lemma 8, one can immediately infer that the marginal benefit is positive because (i) dY4/dm > 0
whenever TT1% > TI' (which is true for A < \**); and (i), dY*/dm < 0 whenever II° < II (which is true
for A > \**). Moreover, the marginal benefit is clearly zero if II® = II/ (which is true for A = A**). In
the latter case, the principal and the agent already have congruent preferences, and thus, there is no need to
award stock options to the agent with the aim of improving his task choice.

The next proposition emphasizes that—although it can improve his task choice as pointed out by Lemma

8—providing the agent with stock options is not always beneficial for the principal.

Proposition 11 [f the agent’s relative contribution to firm value is sufficiently small (i.e., o is sufficiently

large), it is optimal for the principal to refrain from providing the agent with stock options (i.e., m* = 0).

The main insight from Proposition 11 is that while stock options can be used to manipulate the agent’s
innovation decision, there are considerable costs to the principal. Indeed, if stock prices are influenced by
many other factors, it is optimal for the principal to forgo the use of stock options entirely. Even if the
principal uses stock options, the optimal level of stock options never eliminates the task choice conflict
between the principal and the agent. Thus, in equilibrium, the agent is still either too innovative (for A <
A*), or not innovative enough (for A > A**) from the principal’s perspective.

While stock options might seem like a theoretically attractive solution to the conflict between standard

tasks and innovation, our analysis suggests that they are likely to be of limited practical use. For many

%*Note that the first-order condition (36) for m* implicitly interacts with the first-order condition for the optimal incentive bonus
", which we have omitted for parsimony purposes. To derive our main results for this section, however, it is sufficient to restrict
our attention to (36).
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smaller firms that never plan to go public or get acquired, there is no stock price or related firm performance
metric that can be used to base the option on. For fast-growing or larger companies that either are public or
expect to be sold or go public in the foreseeable future, our analysis shows that stock options are an expensive
and imperfect solution. Indeed, if the impact of an individual employee on the overall firm performance is
small, as we would expect for line-of-business employees in these types of companies, we showed that the
optimal firm policy may well be to not issue any stock options at all. Moreover, if firms still issue stock

options, we should not expect them to fully resolve the conflict between standard tasks and innovation.

8 Empirical Implications

Our theoretical analysis already provides an explanation of several commonly observed firm behaviors with
respect to employee innovation. We now turn to a more systematic evaluation of the empirical predictions
that emanate from our theory.

One central prediction concerns the relationship between the appropriability of innovation and employ-
ees’ compensations. In particular, our model predicts a U-shaped relationship between the appropriability
and the strength of incentive payments for (non-innovative) core tasks. At the same time, it also predicts an
inverted U-shaped relationship between the appropriability of innovation and the base pay for employees.
To the best of our knowledge, these non-linear predictions are unique in the literature.

The model also generates a number of auxiliary empirical predictions. It predicts that tolerance for failure
should be seen mostly in environments where employees have difficulty obtaining rents from their innova-
tion. Moreover, firms devote more resources to supporting their employees to innovate if these innovation
are easily appropriable by the firms.

These predictions are quite intuitive. Examples of industries with low levels of appropriability might
include software and design, where much of the value of an innovation is tied to the human capital of the
employee. In such industries we predict high-powered incentives for core tasks, little support by firms for
innovation, no tolerance for failure, and also a significant number of spin-offs. For intermediate levels of
innovation appropriability, we expect both lower-powered incentives and also fewer spin-offs. This might
describe industries such as hardware or simple manufacturing. A high level of innovation appropriability is
typically due to the presence of strong complementary assets, such as in the airline industry, or in branded
consumer goods industries. In such industries we would expect very few spin-offs, yet some intermediate
use of performance pay.

These predictions naturally await careful econometric testing. We recognize several empirical chal-

lenges. There is a non-trivial measurement problem around the appropriability of employee innovation.

32



The seminal work of Levin, Klevorick, Nelson, and Winter (1987) uses survey-based measures of industry
appropriability. The work of Klepper and Sleeper (2005) suggests using spin-offs as an alternative mea-
sure, although one should note that this measure might be partially affected by endogenous firm choices
(Hellmann, 2007). Another empirical challenge concerns correctly identifying the direction of causal rela-
tionships, and controlling for unobserved heterogeneity. Subramanian (2005), for example, finds evidence
that stock options and spin-offs are positively correlated in a cross-section. However, such a correlation does
not prove causality. Probably the most promising identification strategy would be to use panel data and iden-
tify an exogenous shock to appropriability of innovation, such as a change in the allocation of intellectual

property rights between employers and employees (Merges, 1999).

9 Conclusion

We provide a theory that integrates complete and incomplete contracting in the context of employment
relationships. Incentive contracts are feasible for those tasks that are well understood and measurable ex-ante.
Innovation, however, involve tasks that—by definition—cannot be anticipated ahead of time. This paper
analyzes how the presence of such unplanned activities interacts with the provision of optimal incentives for
planned activities.

The appropriability of employee innovation is found to play a pivotal role. When firms can appropriate
most of the value of their employees’ innovation, employees are discouraged from innovation. In such
situations firms want to reduce incentives for planned activities, in order to create some ‘elbow room’ for
innovation. This changes dramatically if employees can capture most of the value of their innovation. In this
case, firms use stronger performance pay to keep their employees focused on their assigned core tasks.

Our theory is framed within a principal-agent framework with symmetric ex-ante information. It ab-
stracts from questions such as which kind of employees are attracted to more or less innovative firms. One
fruitful area of future research therefore concerns the interaction between the incentive effects discussed in
this paper, and the self-selection process by which innovative employees choose their employers. Closely
related to this, we note that our model takes a somewhat simplified view of the innovation process, where
employees generate innovation in isolation. Yet, innovation appear to rely on interactions among employees,
often with diverse backgrounds. Thinking about how employees interact in their planned and unplanned

activities is therefore another topic worthy of future research.
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Appendix

Proof of Lemma 1.

From an inspection of the agent’s utility function (), it becomes clear that /() is strictly increasing
a. Next, note that 5 = 0 leads to U(eg(0),0) = 0. Moreover, applying the Envelope Theorem yields
dU(-)/dB = e§(3) > 0. Hence, the agent extracts a rent for all 5 > 0, which is increasing in 3.

Observe further that IT% (v, 3) is strictly decreasing in .. Moreover, due to concavity of V (eg) and convexity
of ¢(e), IT° (v, 3) must be concave in 3. To derive the optimal incentive contract (cy, o), note first that
egs > Orequires 3 > 0. Thus, o+ 3 > 0 is satisfied if o > 0 holds. Consequently, we can ignore the former
limited liability constraint. Let v and £ denote Lagrange multipliers for the agent’s participation constraint,

and for his liability limit constraint respectively. Then, the Lagrangian is
L(a, B) = V(es) —a = feg +7[a+ Pes — cles)] + Ea. 37
The first-order conditions with respect to « and 3 are

—14+y+£=0, (38)

* ES
deyg deyg

dg dp

Suppose v > 0. Then, o + Beg — c(eg) = 0 due to complementary slackness. Since v > 0, this would

[V'(e5) = B] — 5 —es+ |es+ (8- (e5)) = 0. (39)

imply that fe§ < c(es), and hence eg = 0. Thus, v > 0 cannot be a solution such that v = 0. We can then
infer from (38) that £ = 1. Consequently, cvg = 0 due to complementary slackness. Since v = 0, it follows

from (39) that 5* solves
dey

dp
which is equivalent to dIT%(-) /d3 = 0. O

[V'(e5) — ]

—eg =0, (40)

Proof of Lemma 2.

Given the agent’s effort choice e7, the principal’s expected profit from innovation is

I (e3, N\, Y) = \Y pel. (41)
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Taking the first derivative with respect to A yields

dIif(-) de’
=Yuet + \Yu—=L.
X pep AT L

(42)

Recall that dej/d\ < 0. Thus, for A € (0, 1), the first term on the right side of (42) is always positive
while the second term is always negative. Moreover, it can be easily shown that the first term is decreasing
in ), and that the second term is increasing in A. This in turn implies that there exists a unique threshold
M* such that dIT?(-) /dA\|x=x+ = 0. To identify the sign of (42) for all A # \*, suppose for a moment that
A — 0. Then, the second term goes to zero while the first term is strictly positive. Hence, dIT/(-)/d\ > 0
for A\ < A*. For A — 1, the first term goes to zero (because e; = 0 for A = 1) while the second term is

strictly negative. Thus, dII(-)/d\ < 0 for A > \*. O

Proof of Lemma 3.

Note first that the agent’s marginal expected benefit from standard task is 3, and from innovation (1 — \)Y p.
Thus, both tasks are characterized by constant marginal expected benefits. Moreover, recall that the agent’s
cost of effort is convex in total effort e. These observations imply that the agent maximizes his expected
utility by choosing only one of the two tasks, i.e., he either implements {ef > 0,e} = 0} or {e§ = 0,e] >
0}.

Next, observe that the agent’s expected payoff from standard task is strictly positive for 5 > 0 and constant in
Y. In contrast, one can show by applying the Envelope Theorem that the agent’s expected payoff from inno-
vation is zero for Y = 0 and strictly increasing in Y. Thus, we can infer that there exists a unique threshold
innovation value Y4 such that for Y < Y4, the agent implements {e% > 0,e} = 0}, and {e}; = 0, ¢} > 0}

for Y > Y4, respectively. |

Proof of Proposition 1.
Recall that Y4 (8, \) is implicitly defined by U (%, B) = Ul (e%, \, Y4). First, we show that dY4/d3 > 0.

Implicit differentiating Y4 with respect to 3 yields

dUs(-
ay4 B 43)
ag — du’() '
Y ly_ya
As previously shown, dU*(-) /d3 > 0. Moreover, applying the Envelope Theorem gives
au’(-)
=(1—Xpe; > 0. 44
dY  |y_ya ( et (44)
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Thus, dY 4 /dB > 0. Next, we demonstrate that dy4 /d\ > 0. By implicitly differentiating Y4 with respect

to A one get
I
YA au’ ()
T dA : (45)
dA du’ ()
Y |y_ya
Again, dU'(-)/dY |y _ya > 0. Furthermore, applying the Envelope Theorem yields
N = ker < 0. (46)
Thus, dY4/dX > 0. O

Proof of Lemma 4.
Recall that Y (53, \) is implicitly characterized by I1°(e%, 8) = IIZ(e}, A, Y'T'). Implicit differentiating

Y P with respect to \ yields

P i’ ()

dY _ o) a7

d\ dr! (-)‘ ’

vy |y_yr

Observe that
drr' () p dej
= e +AY (48)
ay |y_yr dY |y _yrp

Since de}/dY |y _yr > 0, wehave dII!(-)/dY |y _yr > 0. Moreover, recall from Lemma 2 that dIT7 () /d\ >
0 for A < A%, and dIl’(-)/d\ < 0 for A > \*, respectively. Consequently, dY ' /d\ < 0 for A < \*, and
dYPJd\ > 0 for A > \*. O

Proof of Proposition 2.
First, to prove existence of a unique threshold \** such that Y4 () = Y7 (8,) for A = A\**, it is necessary to
characterize Y4 and Y'* for the extreme values of ), i.e., A = 0, 1. Recall that Y'* is implicitly characterized

by I1%(e%, B) = T (e}, A, Y'T'), which is equivalent to
V(es) — Boes = AY " ey (49)

Suppose that A — 0. In this case, the rhs of (49) goes to zero while the lhs is strictly positive. Thus, (49)

requires that Y — oo for A\ — 0. Now suppose that A\ — 1. In this case, e;(-) — 0, implying that the rhs
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of (49) goes to zero while the lhs is strictly positive. Again, to ensure that (49) is satisfied, YP — o0o. Next,

recall that Y4 is implicitly characterized by U® (e, 3) = U’ (e%, A, Y4), which is equivalent to
Boes — cles) = (1= XY pe — c(e}). (50)

Again, suppose for a moment that A — 0. In this case, both sides of (50) are strictly positive, implying
that Y4 € (0,00). Now suppose that A — 1. Then, the rhs of (50) goes to zero while the lhs is strictly
positive. This in turn requires that Y4 — oco. Next, we need verify that Y4 > Y? for A\ — 1. We prove
that dY4/d\ > dY T /X for all \. We can infer from Proof of Proposition 1 and Proof of Lemma 4 that
dYA/d\ > dY'T /X is equivalent to

av’ () dril ()
—__d 5 __dA
(1= A)pey Apey
—Y et + (1 =AY p%l _ Ypeit AY &l
(1= Nper Aper
& 0 < Yuper,

which is clearly satisfied for all A\ > 0. Hence, Y4 > Y for A\ — 1. By combining the previous
observations, we can infer that there exists a unique threshold \** such that Y4(3y,\) < Y7 (8, \) for
A< A and YA(By) > YP (o) otherwise.

Finally, it remains to demonstrate that A** < A*. For this purpose, we need to draw on the optimal bonus
B*(A\) which will be derived in section 5.1. As will be shown in Proof of Proposition 3, d3*(\)/d\ < 0
for A < \*, where 3*(0) > [ and 3*(\*) < fo. Since YA(-) = YP(-) at A\ = \**, it must hold that

B*(A\**) = [p. This in turn implies that A** < \*. O

Proof of Proposition 3.
First, we characterize the optimal bonus 3*(\) for the extreme values of A: A = 0, 1. Suppose for a moment

that A = 0. Since IT/ (A = 0) = 0, the first-order condition (12) then becomes

dg oY) dp

S A A
i’ go(Y?) dy 1)

Note that the rhs of (51) is strictly negative, implying that dIT° /d3| g=p+ < 0. Since I1°(-) is concave in 3
with its maximum at 3 = 3y, we have dI1°(-)/dB|g<p, > 0, and dII°(-)/df3|s=p, < 0. Thus, we can infer
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that 3*(0) > Bp. Now suppose that A = 1. Then, the agent chooses ej(A = 1) = 0, and the first-order

condition (12) simplifies to
dirs
g

which is equivalent to the first-order condition characterizing (3, see Lemma 1. Hence, 5*(1) = [3p. Now

0, (52)

consider the case A = A\**. Recall from Proposition 2 that A\ = A\** implies Y4 = Y©, i.e., preferences
are perfectly aligned. In this case, the first-order condition (12) simplifies to (52). Consequently, 5*(\ =
A**) = [y. Next, we investigate whether 5*(\) lies below or above the unconstrained level 3y for A # 0, 1.
According to Proposition 2, Y7 () > Y4(8y) for A < A**. Since dY“(3)/dB > 0, it must hold that
B*(X\) > Bp for A < A**. The opposite observation can be made for A > \**. Next, we identify how 5*(\)

responds to a change of \. First define

Fg = U'()=U*() (53)
_ Al g sy 0OV YA
Gpg = Vi [ —11°] SV 5 (54)

Applying Cramer’s rule yields

= 55
N det(B) (55)
where
_ OFg  OFg OFgx  OFgs
A= oA oy A B= op oy A
8Ggx  9Ggx dGge  9Ggx
TTox ovA 93 oy A
Since TI(+) is concave, B must be negative definite. Hence, det(B) > 0. Therefore, d3*(\)/dX\ > 0 if
0Fp- 0Gg«  O0Gp« OFp-
det(A) = — 56
A== v A T an ava (56)
By applying the Envelope Theorem, one get
OF g .
o = Y ue (57)
OF - .
spa = (1= N (58)
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Moreover,

0Gg g s 0 (oY) ay?
ova [ - 1°] oy A ((I)(YA) dg (59)
8Gg-  _ dll! p(¥*) dv4 60)
ax A\ o(YA) 43’
Therefore, d3*(\)/dX > 0 if det(A) > 0, which—after eliminating p.ej—is equivalent to
o [ H(YA) dy4 dIT! ¢(Yy4) dy4
Al _ 118 _
Y4 I H}aYA (@(YA) a3 +(1=2X) D B(YA) dB < 0. (61)

Now we need to consider three different intervals: (i) 0 < XA < A™, (i7) A™ < XA < A*; and, (i)
A* < A < 1. Consider first the interval 0 < A < A**. As shown, §*(\) > [ for this interval. Ob-

serve that 5*(\) > [y implies that the rhs of the first-order condition (12) must be strictly negative. Hence,

IT7 — I < 0. Next, we need to identify the sign of det(A). It can be easily verified that WLA (igz))) < 0.
Moreover, recall from Lemma 2 that dIT! JdA > 0 for 0 < A < A*, where A** < A*. Consequently,
both terms on the lhs of (61) are strictly positive, implying that det(A) < 0. Thus, d3*(\)/d\ < 0 for
0 < A < A*™. Next, consider the interval A** < A < A\*. Here, 5*(\) > [3p would be a contradiction to
Proposition 2. Therefore, we can infer from Proposition 2 that 5*(\) < [y for A** < A < A*. Moreover,
recall that dIT' /d\ > 0 for A < \*, and Y7 () < YA(-) with dYP(-)/d\ < 0 for \** < X\ < \* (see
Lemmas 2 and 4, and Proposition 2). Thus, d3*(\)/d\ > 0 would be a contradiction. Consequently, it must
hold that dB3*(\)/d\ < 0 for \** < X\ < A*. At A = \*, II! is maximized (see Lemma 2). As will be
subsequently shown, d3*(\)/dX\ > 0 for A > \*. This in turn implies that dY4 /d3|yx—x- = 0. Moreover,
dIT! /d\|x=x+ = 0. Thus, both terms on the lhs of (61) become zero, implying that 3*(\) is minimized at
A = X\*. Finally, consider the interval \* < A < 1. Here again, 3*(\) > [y would contradict Proposition 2.
Therefore, we can infer from Proposition 2 that 5*(\) < fy for A* < A < 1. This implicates that the rhs of
(12) must be strictly positive, which requires that II’ — IT® > 0. Next, we need to identify the sign det(A).
Recall that dII” /dX\ < 0 for A* < A < 1 (see Lemma 2). Hence, both terms on the lhs of (61) are strictly

negative, implying that det(A) > 0. Consequently, d3*(\)/dA > 0 for \* < A < 1. O
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Proof of Proposition 4.
First, we need to investigate how Y4(a**, 3*()\), \) responds to a change of o**, everything else equal.
Recall that Y4 is implicitly characterized by U® (e, 3*(\)) = UL (e¥, a**, A, Y4). Implicit differentiating

Y4 with respect o** yields

A au’ ()
W= da (62)
da** dUI(~)
dy y—yA

As previously shown, dU”(+)/dY |y_ya > 0 (see Proof of Proposition 1). Moreover, observe that dU (-) /da** =
1 > 0. Consequently, dY4/da** < 0. Next, recall from Proposition 2 that Y4(5y, \) < Y (5, ) for

A < A**. Because dY 4 /da** < 0, it would be optimal to set a**(\) < 0 to distract the agent from innova-

tion. However, since this would violate the agent’s liability limit, the principal sets a**(\) = 0 for A < A\**.
Moreover, recall from Proposition 2 that Y4 (g, \) > Y(By, \) for A > \**. Therefore, to encourage
more innovation, it is optimal to set &**(A) > 0 for all A** < A < 1. For A = 1, note that the principal’s
objective function is equivalent to (3) in section 3 because ej(A = 1) = 0. Hence, according to Lemma 1,
a**(0) = 0.

Finally, it remains to identify the relationship between o**(\) and A for A** < A < 1. To do so, define

Foe = UL =U() (63)

p(Y4) dy4
O(YA) da*

G = — [ —117] — 1. (64)

Applying Cramer’s rule yields
da**(A)  det(A)

= 65
X det(B)’ (65)
where
aFa** aFa** 8Fa** 8Fa**
A= TToN oy 4 B= Da** oy A
_ OGgee G gux OGaws  OGysx
[e2) Yy 4 Oa** oY A
Since I1(-) is concave, B must be negative definite. Hence, det(B) > 0. Therefore, da**(\)/dX > 0 if
aFa** 8Ga** aGa** aFa**
det(A) = — > 66
A= v T o o (66)
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Now observe that OF,+« /0N = OFp«/O\ and OF,/0Y 4 = 0Fz/OY 4, see Proof of Proposition 3.

Moreover,
0Ga= o e O (oY) ay?
e =~ 1) o (55 ) e o)
0Gor= O p(YH) dv4 68)
oN X (YA dar

Hence, sign(0Gq++ /0Y?) = — sign(0G g /0Y ) and sign(0Gq+- /ON) = — sign(0G g /ON). By combin-

ing the previous observations, we can infer that

sign (m;;(x)) — _sign (‘w;ik)) VAR <\ < 1. (69)

Therefore, we can infer from Proposition 3 that da**(\)/d\ > 0 for A** < X\ < \*, and da™*(\)/d\ < 0

for \* < A < 1. O

Proof of Proposition 6.

First, we demonstrate in general how the menu of contracts affects the agent’s specialization decision. Recall
that Y4 /da** < 0and dY4/dB* > 0. Since 3* > By for 0 < A < A**, we can infer that Y4(Q*(\), \) >
YA(Bo,\) for A < \**. Moreover, since o** > ag = 0 and 3* < By for A > A\**, it must hold that
YA(Q*(\), \) < YA(Bo, \)) for A > A\**, independent of which contract the agent chooses.

Next, we show in general how the menu of contracts affects the principal’s preference Y*. To do so, we
first need to identify how Y ¥ responds to a change of o** and 3* respectively. Recall that Y*'(«, 8, )) is

implicitly characterized by I1%(e%, 3) = I/ (e}, o, A, Y'T). We first implicitly differentiate Y with respect

to 3 and get
S(.
vyt idncw() (70)
g dmi() '
Y ly—yp

Since I1°(-) is concave in # with its maximum at 5 = (3, we have dII°(-)/d3 > 0 for 3 < [y, and
dI1®(-)/dB < 0 for 3 > [3y. Using our results from Proposition 3, we can infer that dY ' /d3 < 0 for
A < A, and dY”/dB > 0 for A > \**. Since 8* > (B for 0 < A\ < A**, it must hold that Y7 (5%, \) <
YP(Bg,\). For \** < XA < 1 however, we have 3* < [y. Consequently, Y*(3*,\) < Y P (8, \) for

A < X\ < 1, provided the agent has chosen the contract {0, 3*}. Implicit differentiating Y'* with respect

to « yields
P dr’ ()
ay _ Ja 71
do dii’ () '
Y y—yp
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As previously shown, dI17(-)/dY |_yr > 0 (see Proof of Lemma 4). Furthermore, observe that dI1/(-) /do =
—1 < 0. Consequently, dY*/da > 0. Since a™* > 0 for \** < A < 1, this would imply that
YP(a**, By, A) > YT(0,8,)) at 3 = [y. Note however, that the contract {a**,0} consists of a zero
incentive payment, which—according to the previous observations—would lower Y©'. Thus, the net effect
of {a**,0} on Y'* is ambiguous.

Finally note that the principal can always find a menu of contracts, denoted by (), which ensures perfect
alignment of preferences, i.e., YA(Q(\), \) = YP(Q/()), \). However, since the required contract adjust-
ments would sacrifice the efficiency of standard task (adjusting 4*) and innovation (adjusting a**), it cannot

be optimal for the principal to do so. Thus, Y4 (Q*(\), \) # Y7 (Q*()\), \) for all X # \**, O

Proof of Proposition 7.

YFB

First, recall that the first-best social benchmark is implicitly characterized by

V(eEB) — c(ebB) = YIB el — c(el'P). (72)

=85 =57

Now suppose that A — 1. As shown, Y4(-), )A/(), YP(-) — oo for A — 1, where YP() < }7() <YA().
Since Y¥B € (0, 00), it follows that Y8 < YP(.) < Y(-) < YA(-). Next, suppose that A — 0. As
demonstrated, Y (), Y (-) — oo. Hence, it remains to compare Y2 and Y4(-) for A — 0. Note first that
€7 = ef B for A = 0. Therefore, U! = S’ for A\ = 0. Moreover, the first-best surplus S5 constitutes the
upper bound for all potential surpluses from standard tasks. As well known, S° = U can only be achieved
in a principal-agent relationship if the agent is the residual claimant and thus implements eg B This however,
would require that o* < 0, which violates the agent’s liability limit. Because under any second-best incentive
scheme with o > 0 the agent implements €3 # eg B and total surplus is split between principal and agent,
it must hold that S° > U®. Hence, we can infer from (73) and (72) that Y5 > YA(-) at A = 0. In sum,
this implies that Y4 (-) < Y for sufficiently low X, and Y4(-) > VB otherwise.

Next, we investigate the second-best benchmark Y55 (-). To do so, recall that Y (-) and Y'*'(-) are implicitly

characterized by

Bres —cles) = (1—=NYpuef —cle}) (73)
~—_——

=US =yl
V(eg) — B¢y = AYTper. (74)
| — ——

=118 =I1!
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For A = \**, we have YA (-) = Y (.) since 8* = f3, see Propositions 2 and 3. Therefore, we can add (73)
and (74) and obtain
V(es) — ce) = YSB per. (75)

Note that this is the condition which implicitly characterizes Y 5B(-). Consequently, YSB(:) = YA(.) =
YP(.) for A = A**. Next, we characterize Y 5B(-) for the extreme values of A: A\ = 0, 1. First suppose
that A — 0. For an arbitrary Y, the rhs of (75) is identical to the rhs of (73). Note however, that under any
second-best incentive scheme it must hold that S > U*. Hence, the lhs of (75) must be strictly greater than
the Ihs of (73). This in turn implies that YSB(-) > Y4(.) for A — 0. Moreover, since Y5B(-) € (0, c0) and
YP(:) — oo for A — 0, we have ?SB(-) < YP(-) for A — 0. Now suppose that A — 1. Because in this
case e — 0, the rhs of (75) goes to zero for an arbitrary Y, while the lhs remains strictly positive. This in
turn requires that ysB (-) — oo for A — 1. Furthermore, note that for A — 1, the rhs of both (75) and (73)
go to zero. Nevertheless, the lhs of (75) is strictly greater than the lhs of (74). Thus, for A — 1, we have
YSB(.) > YP(.). Finally, because Y5B(-) is a weighted average of Y*'(-) and Y (.), we can infer that
YSB(.) < YA() for A — 1. Combing our previous observations, we have YA(-) < YSB(.) for A < A**,

and YA(-) > }A/SB(-) for A > \**. O

Proof of Lemma 5.
Recall that Y4 is implicitly defined by U®(e%, B,¢) = Ul (e}, A, Y4, ¢). Implicit differentiating Y4 with

respect to ¢ yields
dy4 _ HeT — €eg (76)
de (1= Npe;’

Thus, dY4/de < 0if pe} < e%, which is equivalent to Prob[Y" > 0le}] < Prob[S = 1|ef]. Recall that
dej/dp > 0. Hence, the fraction on the rhs of (76) is negative for sufficiently low values of 1, and positive

for sufficiently high values of ;. Moreover, one can show that

* * de%
d ( pej s ) SN [el ! M‘T‘{} >0 (77)
(

dp \ (1 - A ey [(1- )\),ueﬂ2

Accordingly, the rhs of (76) is increasing in . Consequently, there exists a threshold p* > 0 satisfying
dY 4 /de|, =, = 0 such that dY4 /de < 0 for u < p*, and dY#/de > 0 otherwise. O

Proof of Proposition 8.
First, recall from Lemma 5 that dY4/de < 0 if 4 < p*. Moreover, Proposition 6 implies that Y (-) >

YA(-) for A < X\**. Thus, offering the agent £ > 0 cannot be optimal for A\ < \**.
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Next, we demonstrate that tolerance for failure is optimal for sufficiently high values of A. Recall that
offering the agent ¢ > 0 does not impose direct costs on the principal, but indirectly affects eg, e7, and YA,

By applying the Envelope Theorem, one get

dIl(-) _ OTI(:) de N OM(-) de}y = OM(-)dY4

de oe, de de;  de YA de

(78)

To demonstrate that dI1(-)/de > 0 for sufficiently high values of \, suppose for a moment that A\ — 1.

Because in this case e; — 0, (78) simplifies to

dri(- OTI(-) de*,  OTI(-) dY A
() _ o0()des  on() dv* 79
de 865 de Y de
=B
=A =

Since OII(-)/0e% > 0 and de§/de < 0, A is strictly negative and clearly finite. Moreover, Proposition 6
implies that dII(-)/dY“ < 0 for A\ — 1. From Proof of Lemma 5 we know that
ay4 per — eg

de (1= Npey (80)

Since e7 — 0 for A — 1, it follows that limy_.; dzl/EA = —o0, implying that B — oo. Hence, B > — A for

A — 1. This in turn implies that dII(-)/de > 0 for sufficiently high values of A. To summarize the previous
observations, there exists a threshold 5\, with 1 > A > A\**, such that a tolerance policy is never optimal for

A< A and optimal for A > A |

Comparative Statics Investing in Employee Innovation.

First, consider the agent’s innovation effort e; which is implicitly characterized by
(1= XN)Ypu=_<(er). (81)

Implicit differentiating e7 with respect to u gives

det  (1-\Y
_ 82
riniTens (82)

which is strictly positive. Next, recall that Y4 is implicitly defined by U®(e%, 3) = Ul(et, \, Y4, ).

Implicit differentiating Y with respect to p yields

ay4  (1-NY4ep  v4

dp (L= XNpe; — p

(83)
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which is strictly negative. O

Proof of Proposition 9.

By endogenizing p, the principal’s expected profit can be written as

y4 o)
(eh, e, 6, Y4, 1) = / I°de(Y) + / I dd(Y) — ¢(p). (84)
0 YA

The optimal investment level * () is implicitly characterized by the following first-order-condition:

A A /
s drt_ )

— + [1° — 11} ) dp = s

Notice that the first term on the lhs captures the incentive effect, and the second term the specialization effect.
Suppose for a moment that either A = 0 or A = 1. Recall that in both cases I/ = 0. Hence, (85) simplifies
to

a4

Pg(Y4) =< (86)

Since dY4 /dp < 0 (see Appendix: Comparative Statics Investing in Employee Innovation), the lhs is
strictly negative. Hence, the principal sets ;*(A) = p for A = 0, 1. Next, consider the interval \** < X < 1.
Proposition 2 implies that the second term on the lhs of (85) is strictly positive. Moreover, it can be easily
shown that dI1’ /dp > 0. Consequently, z*(A) > p for A** < A < 1. Now consider the threshold A**.
Recall from Proposition 2 that Y4 = Y'¥ for A = A\**. This implies that under the optimal menu of contracts

Q*(\**), II° = II'. Therefore, (85) simplifies to
—— (V) =d (). (87)

Because the lhs is strictly positive, we have 4*(A\**) > p. Finally, consider the interval 0 < A < A**. Note
that dI1! /dy > 0. Moreover, Proposition 6, in conjunction with Proposition 1 and Lemma 4, implies that the
second term on the lhs of (85) is strictly negative, and its absolute value is diminishing in A. Since 1*(0) = p
and p*(A\**) > p, we can thus infer that there exists a threshold A*** such that y*(\) = p for all A < X\,

and p*(A) > p for all A < A < 1. O
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Proof of Lemma 6.

First, define

F = pp'es) —(e), (88)
G = (11— (er)—C(e). (89)
Totally differentiating yields
des | (1= Nu(er) — ¢ (e) ¢'(e) p'(es)dB
de; —det(A) d'(e) Bp"(es) — c(e) —i(en)d\ |
where
OF  9F
A= | P e (90)
oG 9G
deg  Oer

Since U (eg, ey) is concave in eg and ey, A must be negative definite. Hence, det(A) > 0. Thus, we obtain

Cileﬁg - _det1(A>pl(€S) (1= NY " (er) = "(e)] >0
<0 due to s.o.c.
- detl(A)c”(e)Y“/(eI) >0
Cclieg B _detl(A)”/(eS>C”(e) <0
Cclz? - detl(A)YM/(ef) (30" (es) —"(e)] <0
<0 due to s.o.c.
Ccllg B Cfi(? * Cclieg - _detl(A) [/ (es)(1 = NY " (er)] > 0
Cclii - % Cclliz N detl(A) (Y (er)Bp”(es)] <.
Note that the signs of the latter two derivatives follow from p”(e;) < 0 and p”(eg) < 0. 0

Proof of Lemma 7.
Recall from Proposition 6 that de’/d\ < 0. Moreover, one can show that de?’ /d\ > 0, where el (\ =

0) = 0. Thus, e} is decreasing, while ef is increasing in A. Hence, there exists a threshold \** satisfying
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er(\) = ef (A**), such that 3 > e? for A < A**, and e} < e? otherwise. O

Proof of Proposition 10.
First, we characterize 5*(\) for A = 1. Since ej(A = 1) = 0, the first-order condition (28) simplifies to
dIT® /df3|x—1 = 0. Hence, 3*(1) = Bo. Next, we demonstrate that 3*(0) > 3*(1) = . To do so, we need

to express the first-order condition (29) for A = 0 and A\ = 1:

am| o | )
B |y v (es(ﬁo,o))jop (€5(80.0))] a3 |\ p(esz(i(i,o)) =0 ©1)
dHS o 1/ % * x 1/ % * deg N . B
ra N [V/(e5(87, 1)) = 80/ (e5(5% 1)) 33 () =0, ©2)
To prove that 3*(0) > 3*(1) = By, we need to verify that at 5 = [y,

dI1’® o

a5 = [Ve5. 1) — for'(e5h. 1)) T —ples(B, 1) > 0. ©3)
A=1,8=09 ~ A=1,8=F0 T

We can infer from Proposition 6 that e (8y, A = 0) > e§(08o, A = 1). Hence, B1 > B2. Because de§/d3 >
0 and dej}/df < 0 (see Proposition 6), we can deduce from (29) that V'(e% (5o, 0)) — Bop'(e5(Bo,0)) > 0.
Moreover, since (8o, A = 0) > €&(fo, A = 1), we can conclude that A1 < A2. Finally, it remains to

demonstrate that
de dex
dB |\ dp

It can be shown that €% is concave increasing in 3. From concavity of e in § and e§(8p, A = 0) >

(94)

A=1

e5(Bo, A = 1), it follows that (94) must hold. Consequently, dIT® /dg| A=1,8=8, > 0, which implies that
£*(0) > B*(1) = Po. Next, we demonstrate that 5*(\) < [y for sufficiently high values of A, with A < 1.
To do so, we express the first-order condition (28) in a more general fashion:
dll oIl e, N or®  om! e
g Oeg 0B ap des 0p

—
=A =B

95)

First, observe that OII/Je; > 0, and recall from Proposition 6 that dej /03 < 0. Thus, (95) implies
that A > 0. Now suppose for a moment that A — 1. Then, e; — 0, and as a result B — 0. Hence,
dI1/dp|—p+(r),x—1 > 0, implying that 3*(\) < fp for A — 1. To summarize, 3*(\) > [ for sufficiently
low A, and 5*(\) < [ for sufficiently high . O
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Proof of Lemma 8.
Let e5(8,m) and e} (A, Y, m) denote the agent’s optimal effort levels for a given incentive bonus /5 and a

given number of stock options m. The agent’s expected utility then becomes

YA
U() = /0 (B + mp(- ¢5,0) — c(el)] dB(Y) (96)
+ /YO: [(1 =N Ypuer +mep(-,0,e7) — c(e])] dP(Y). 97)

From the first-order condition with respect to Y4, the agent’s threshold innovation value Y4 (B, A, m) is now

implicitly characterized by
66*5’ + m@('a eg) O) - C(eg) = (1 - )\)YAIW? + 77’L(,0<', 0, 6?) - C<e?)7 (98)

which is equivalent to U® (€5, 8,m) = U Iex, A, m, Y4). Implicit differentiating Y4 with respect to m

yields .
W _ (V70 ZU70) (99)
dm dui(,) ‘ ’
¥y ly_ya

We know from Proposition 1 that dU’(-)/ dY‘Y:Y 4 > 0. Moreover, applying the Envelope Theorem and
letting m — 0 yield

050 =010)| = (5.0 = ol 0.6)) (100
Consider first the interval A € (0, \**]. For any A € (0,\**] and Y € (Y4(-),Y(-)], we can infer from
Proposition 2 that TI(-, e%,0) > TI4(-,0,e}). Since dp(+)/0Il4 > 0, this implies that ¢(-, e¥,0) >
©(-,0,€7) form > 0, withm — 0, and A < X\**. Thus, dYA/dm\m:g > 0 for A < \**. Likewise, one can

show that dY 4 /dm/|,—o < 0 for A > \**, O

Incentive Effect of Stock Options.
Let ©(-) = mep(-) denote the agent’s expected compensation from stock options. First, suppose that the
agent focuses exclusively on the standard task. For a given number of stock options m, the first-order

condition characterizing the agent’s optimal effort level e% (5, m) for the standard task becomes

= d(es). (101)
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Implicit differentiating (3, m) with respect to m yields

* 9°6() (")
deg _ desdm _ des (102)
dm 2 5+ 90 _p(eg)] 2 [a+ %8I ey

where the denominator is strictly negative due to the second-order condition. Moreover, notice that d E[TI4]/deg >
0 forall 8 < B* and m < m*, implying that Op(-)/0eg > 0. Thus, de/dm > 0.
Next, suppose the agent focuses on innovation. For a given number of stock options m, the first-order

condition, which characterizes the agent’s optimal effort level e} (A, Y, m), becomes

(1-NYpu+ ag)(.) = (eg). (103)
er

Implicit differentiating €7 (\, Y, m) with respect to m gives

1ot 820(.) 9p(-)
acy _ derOm _ Oer (104)
dm e a- v+ B -] [0 ye+ B - een)]

where the denominator is strictly negative due to the second-order condition. Furthermore, 9 E[IT4]/de; > 0

for all m < m* and A > 0, implying that Op(-)/de; > 0. As aresult, de}/dm > 0. O

Proof of Proposition 11.

To show that m™ = 0 for ¢ — oo, it is sufficient to demonstrate that for o — oo with m — 0, (i) the
marginal costs of providing the agent with stock options go to infinity; and (i7), the marginal benefit goes to
zero. In this case, two essential Inada conditions are violated, which in turn leads to a corner solution with
m* = 0. First, one can easily verify that

lim 607()

Jim - = lim ¢(:) = c0. (105)

0—00
m=0

Next, consider the principal’s marginal benefit—denoted B,,—of providing the agent with stock options:

B, = [I1° — TI'] qS(YA)dYA (106)
" dm
We can infer from (100) (see Proof of Lemma 8) that
dy4 €5, 0) — (-, 0, e}
:(/7(,65,1) (P(, 761)7 (107)
dm |,,_o du’(,)
dY |y _ya
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where dUI(')/dY‘Y:YA > 0 (see Proof of Proposition 1). Because lim,_. ¢(-) = 00, it follows that

dy4
im | —o, (108)
and hence, lim,_,oc B |m=0 = 0. Thus, m* = 0 for 0 — oo. ]
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