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1 Introduction

While the benefits of extrinsic, performance-based incentives have been widely studied in eco-

nomics and various areas of management and finance literature, what separates firms from other

forms of contractual relationships (e.g., outsourcing to independent contractors) is their ability

to utilize a diverse set of incentive instruments, including, but not limited to, the traditional

pay-for-performance contracts (e.g., Hart (2017), Holmstrom (2017), and Hart and Holmstrom

(2010)). One important alternative is the use of intrinsic incentives, the individuals’ willingness

to perform even in the absence of any extrinsic economic incentives (Benabou and Tirole, 2003).

Corporations likewise invest in developing corporate identity and culture, which allows firms to

align the interest of the individuals to align with the goals of the firm (Akerlof and Kranton,

2005).1

One particular space in which corporate identity plays a particularly important role

is among technology and innovative companies. Anecdotally, Google’s oft-mentioned identity

of being “Googley”, or the Amazon’s “The Amazon Way,” and the aura of unique culture

surrounding companies in Silicon Valley are examples of strong corporate identity being tied to

modern technology firms.2 Indeed, among the 64,516 news articles from major U.S. publications

in Lexis Nexis from 2000 to 2014 related to corporate innovation, 13.5% of the articles also

mention the word “culture” along with innovation. Likewise, poor corporate culture is often

blamed for the failure of firms to innovate (e.g., Sydell (2017)).3

Consistent with various anecdotal evidence, empirical studies based on surveys of cor-

porate managers also showed that corporate culture is one of the most important determinant

of innovation and risk-taking (Tellis, Prabhu, and Chandy (2009) and Graham et al. (2005)). It

is not surprising, then, that innovative companies invest much of their resources to hire people

that not only are qualified for the job, but that can also fit their cultural mold. In describing

his role as a CEO of Airbnb, Brian Chesky explained: “There are lots of things a CEO does,

but what you mostly do is articulate the vision. To articulate a vision you have to develop a

1In a recent survey of executives by Graham, Harvey, Popadak and Rajgopal (2017), 51% of executives believe
that corporate culture is among the top three value driver for the company, with additional 27% believing that
it is among the top five.

2Nocera (2015), “The Amazon Way,” New York Times; Goo (2006), “Building a ‘Googley’ Workforce: Corpo-
rate culture breeds innovation – even during downtime,”The Washington Post; Manjoo (2015), “A Bid to Divide
and Conquer,” New York Times; Hwang (2012), “A Valley state of mind,” The Washington Post.

3Sydell (2017), “Has Apple Lost its Mojo?” NPR, April 10, 2017: “Both Apple fans and analysts who follow
the company are beginning to wonder whether Apple has lost its mojo. All those innovations happened when
Steve Jobs, Apple’s co-founder, was running the company. And some former employees say a cultural shift
occurred at Apple after Jobs died in 2011.”
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strategy and hire people that fit the culture.”4

Despite the potential role that intrinsic incentives and corporate culture play in in-

novative firms, existing research on the determinants of corporation innovation has focused

exclusively on the role of extrinsic incentives (Manso, 2011; Francis, Hasan, and Sharma, 2010;

Ederer and Manso, 2013; and Baranchuk, Kieschnick, and Moussawi, 2014). More importantly,

none has examined whether and how intrinsic incentives can interact with extrinsic incentives

to motivate innovation.

Understanding the relation between intrinsic and extrinsic incentives is also relevant

as innovative companies are interestingly also the companies that rely heavily on extrinsic

incentives and compensation: Baranchuk, Kieschnick, and Moussawi (2014), for example, find

strong positive correlation between firms’ patenting activity and the use of long-term incentives.

Chang, Fu, Low, and Zhang (2015) find positive relation between employee stock option grants

and patenting activity. Likewise, a simple comparison of firms from Execucomp from 1992 to

2010 show that firms with patenting activity pay their CEOs 36.5% more in total compensation

than non-patenting firms (see Table D.1 in the Internet Appendix).5 In addition, twenty out of

twenty-five firms on the 25 highest-paying companies in America in 2016 according to Glasdoor

are technology firms (Dill (2017)).6 Consistent with the notion that both extrinsic and intrinsic

incentives play an important role in fostering innovation, Sauermann and Cohen (2010) find

that both pecuniary motivation (income) and non-pecuniary motivation (intellectual challenge

and independence) drive scientists to innovate.

The goal of this paper is thus to demonstrate in simple model that extrinsic and in-

trinsic incentives can be complementary in motivating innovation. Specifically, we characterize

the conditions in which strong intrinsic incentives (cultivated through corporate identity) are

necessary for extrinsic incentives to be effective in motivating innovation. We also show that,

in the absence of strong corporate identity, providing extrinsic incentives can actually deter

innovation. The model’s prediction for the coexistence between high extrinsic compensation

and strong corporate identity in innovative firms thus fills the gap in the literature on the de-

terminants of innovation incentives, and is also in sharp contrast to the existing theoretical

4Speaking at Stanford in 2014: https://genius.com/Alfred-lin-lecture-10-company-culture-and-building-a-
team-part-i-annotated

5If we focus sole on firms with patenting activity, CEOs of firms with above-median level of patenting activity
are paid 62.4% more in total compensation than CEOs of firms with below-median level.

6Dill (2017), “These are the 25 highest-paying companies in America,” CNBC. These results are consistent
with the anecdotal evidence and the reputation that technology companies have in generating great wealth, e.g.,
Ferro (2016), Heres How Much Silicon Valley Tech Workers Make, Huffington Post.
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predictions and assumptions of earlier models that predict they are simple substitutes or that

one hinders the use of the other (e.g., Holmstrom (1989), Holmstrom and Milgrom (1991),

Benabou and Tirole (2003, 2016), Akerlof and Kranton (2005), Prendergast (2008), Carlin and

Gervais (2009), and Van den Steen (2010a)).

The key ingredient of the model is that innovation is a process that involves ambiguity,

in which the economic agent does not have complete information about the underlying risk

associated with innovation. The process of innovation, which involves generating novel and un-

explored ideas, is naturally consistent with situations proposed by Knight (1921) and Ellsberg

(1961) in describing ambiguity as cases in which people are “ignorant of the statistical frequen-

cies of events” or “when the relevant events were in some sense unique” such that forming priors

is impossible or difficult (Ellsberg, 1961).7

When innovation is ambiguous extrinsic incentives generally incentivize the agent to

forego innovation in favor of more conventional and less ambiguous alternatives, and “crowd out”

the incentive to innovate. Hence, low-powered incentives, such as fixed-wages and performance-

insensitive contracts may be optimal to incentivize innovation, consistent with the long line

of research in sociology and psychology literature that have argued that extrinsic rewards can

actually hinder an individual’s desire to perform (e.g., Deci and Ryan, 1975; Kruglanski, 1978;

Deci, Koestner, and Ryan, 1999). In contrast, when the use of extrinsic incentives is also com-

plemented with strong intrinsic incentives, extrinsic incentives can help to motivate innovation:

strong intrinsic incentives can offset the adverse effect of ambiguity that would generally render

high-powered incentives to be ineffective in inducing innovation. Thus, companies with strong

corporate identity and culture may utilize high-powered incentives to motivate innovation with-

out worrying about the potential crowding out effect.

To study the ambiguous nature of innovation, we model the agent’s belief about inno-

vation’s likelihood of success as a set of distributions rather than as a single value. Specifically,

we consider an innovative project that will either be a success with a probability of p ∈ [p, p] or

be a failure with a probability of 1− p. In the special case in which p = p, the project follows

a single Bernoulli distribution. In contrast, when p < p, the probability is a set, rather than a

singleton. Hence, the manager has multiple distributions in mind and does not know the exact

distribution associated with the project.

7R&D is mentioned as an example of a process involving ambiguity in Ellsberg’s (1961) seminal paper: “...
the results of Research and Development, or the performance of a new President, or the tactics of an unfamiliar
opponent are all likely to appear ambiguous” (pg. 661).
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To examine the tension between the choice to innovate and to stick with convention,

we utilize a principal-agent framework in which the agent faces the choice of hidden action

between working on an innovative project, in which the exact probability of success is unknown

(ambiguity), or on a conventional project, in which the probability is known (risk). The project

choice reflects the tension between innovation and convention. In addition to the project choice,

the agent also takes a hidden action on his effort level, reflecting the traditional agency conflict in

which exerting effort is costly. Given the two dimensions to the agents hidden action, motivating

innovation requires the principal to incentivize the agent not only to exert high effort, but also

to choose innovation over convention. To examine the agency conflict arising from ambiguity

aversion, we consider the problem in which the principal is ambiguity neutral and makes a

decision based on her subjective prior.8 Therefore, the principal and the agent share the same

information set, but their preferences toward ambiguity are different.

In the presence of ambiguity, ambiguity-averse agents are pessimistic towards innovation,

and will behave in a way that always discounts the expected payoff associated with innovation,

regardless of the structure of the incentive contract. This result is driven by the mechanism

that, among many potential priors that are possible in the future, ambiguity-averse agents

pessimistically outweigh the priors that lead to worse expected outcome than priors with better

outcome. Hence, unlike in the case of simple risk-aversion, the agents under ambiguity behave as

if their beliefs about innovation’s future success is endogenous to their given incentive contract:

when agents are given a wage scheme that rewards more for successful performance, they behave

as if innovation is associated with low probability of success. On the other hand, when they

are given a wage scheme that rewards more for failures than success, then they behave as

if innovation is associated with high probability of success. This endogenous prior creates a

disagreement with the principal on future likelihoods.9 The structure and the strength (high-

powered vs. low-powered) of extrinsic incentive, which affect agent’s expected payoffs in different

states of the nature, can thus amplify the disagreement in belief between the principal and the

agent. This potential disagreement makes innovation both more expensive to implement for the

principal, and in many cases, infeasible to implement without strong intrinsic incentives.

The main contribution of the paper is to the literature on corporate innovation incen-

8We discuss the case with ambiguity-averse principal in Section 5.4.
9We borrow the term “endogenous disagreement” arising from ambiguity from Dicks and Fulghieri (2015c),

which explores the disagreement arising between firm’s insiders and outsiders to examine optimal allocation of
control.
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tives, both theoretical (Holmstrom, 1989; Holmstrom and Milgrom, 1991; Aghion and Tirole,

1994; Manso, 2011) and empirical (Francis, Hasan, and Sharma, 2010; Ederer and Manso, 2013;

and Baranchuk, Kieschnick, and Moussawi, 2014; Chang, Fu, Low, and Zhang, 2015), which

has focused mostly on how extrinsic compensation and incentives can motivate innovation. We

depart from this literature by establishing the role for investments in corporate identity and

intrinsic incentives in incentivizing innovation, which has been overlooked in the literature. We

not only show that culture plays an important role in fostering innovation, but that it allows ex-

trinsic incentives to be effective, thus establishing a complementary, rather than substitutable,

relation between culture and extrinsic incentives. Thus, our paper provides a theoretical mecha-

nism for why innovative companies invest much of their resources on paying their managers and

employees well, but also on developing strong corporate culture, and why their CEOs believe

that culture plays an important role in fostering innovation and risk-taking (Tellis, et al. (2009)

and Graham, et al. (2005)).

This paper is also closely related to theories on the role of corporate culture (Akerlof and

Kranton, 2005; Van den Steen, 2010a and 2010b) and of intrinsic motivation in firms (Holmstrom

(1989), Holmstrom and Milgrom (1991), Benabou and Tirole (2003, 2006, 2016), Prendergast

(2008), and Carlin and Gervais (2009)). The existing studies generally consider strong intrinsic

incentives to be substitutes for extrinsic incentives, thus making it cheaper for the principal to

induce greater effort (e.g., Akerlof and Kranton (2005), or that giving extrinsic incentives can

adversely undermine the individual’s intrinsic motivation (e.g., Holmstrom (1989), Holmstrom

and Milgrom (1991), Benabou and Tirole (2003, 2016), Prendergast (2008), Carlin and Gervais

(2009), and Van den Steen (2010a)). Our paper departs from the existing literature by showing

that strong corporate identity (intrinsic incentives) may play a complementary role to extrinsic

incentives, and allows corporations to utilize extrinsic incentives to motivate innovation without

worrying about their adverse effects.

2 Related Literature

Numerous theoretical studies have examined what motivates innovation in corporations (Holm-

strom, 1989; Holmstrom and Milgrom, 1991; Aghion and Tirole, 1994; Manso, 2011). The

common framework in these models of innovation is that the agent knows the exact risk associ-

ated with innovation, and they predict the use of extrinsic (high-powered) incentives as long as
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innovation provides a measurable and contractible signal to the principal. In the multi-tasking

framework of Holmstrom (1989) and Holmstrom and Milgrom (1991), innovative and creative

endeavors are inherently difficult to measure, and therefore, providing high-powered incentives

can dis-incentivize the agent away from creative but hard to quantify tasks towards simple but

measurable tasks. The models would also imply that using high-powered incentives is optimal

when many potential proxies exist for measuring innovation, such as the number of patents gen-

erated by an inventor, firm performance from a division that implements innovative projects,

or the number of citations received by an academic. In contrast, our model does not rely on

the assumption that innovation is not measurable or contractible, but study innovation as a

process involving ambiguity.10 This difference allows us to predict not only the conditions in

which high-powered incentives are suboptimal, but also conditions under which they are indeed

optimal, which cannot be established if innovation is not measurable. Manso (2011) examines

a case in which the process of innovation requires experimentation and learning over time, and

shows that tolerance for early failures and strong extrinsic incentives tied to long-run success are

optimal to motivate innovation. In contrast, we examine whether such extrinsic incentives are

optimal in the first place, and examine its relation with intrinsic incentives. We thus allow for

the role for intrinsic incentives and investments in corporate culture in motivation innovation,

which has not be studied in the aforementioned papers.

Following the theoretical literature, recent empirical studies on corporate innovation

has examined the relation between the structure of optimal extrinsic incentives and innovation

output. Francis, Hasan, and Sharma (2010) and Baranchuk, Kieschnick, and Moussawi (2014)

document a positive relation between long-run incentive schemes, such as option grants and

long-term vesting periods for CEOs, and innovative performance. Chang, Fu, Low, and Zhang

(2015) find positive relation between non-executive stock options and innovative performance.

Ederer and Manso (2013) find positive relation between tolerance for short-term failures and

innovation. Our paper predicts that such relation between innovative output and compensation

characteristics may be conditional on the strength of corporate identity (Akerlof and Kraton,

2005) or other dimensions of intrinsic incentives related to innovation (e.g., intellectual challenge

and taste for science; Sauermann and Cohen, 2010). In addition, inasmuch as corporate culture

originates from and is shaped by firm’s screening practices and self-sorting mechanisms (Van

10The idea that innovation may be ambiguity is also explored in Dicks and Fulghieri (2015b). They show that
an investor’s aversion to ambiguity and desire to hedge ambiguity by investing in multiple innovative projects
can explain innovation and merger waves.
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den Steen, 2010b), studying managerial-specific attributes, such as characteristics and style

(Bertrand and Schoar, 2003), work ethic (Carlin and Gervais, 2009) and degree of self-confidence

(Hershleifer, Low, and Teoh, 2012), and firm’s hiring practices jointly with compensation policies

can explain the use and the effectiveness of extrinsic compensation.

This paper is also related to theories on the role of corporate culture in firms (Akerlof

and Kratnton, 2005; Van den Steen, 2010a and 2010b). Akerlof and Kranton (2005) present

a principal-agent model in which the agent may derive additional utility from being able to

identify as an “insider” in a company, and is willing to exert higher effort, regardless of the

wage scheme. They find that agents that identify strongly with the firm require less incentive

pay, which increases the value of investments in corporate identity. In our paper, agents with

strong corporate identity are also associated with strong incentive pay, and allow corporations

to implement innovation without worrying about teir deviating away from innovation. Van den

Steen (2010a) shows that strong corporate culture (i.e., homogeneity in shared beliefs) lead to

more delegation and higher effort, among others, but also leads to less experimentation. Our

paper also generates opposite prediction than that of Van den Steen (2010a) in that we predict

that strong corporate culture can work to offset agent’s aversion to experiment, and benefit

experimentation.

While none has specifically examined the process of innovation, recent papers studying

the interaction between extrinsic and intrinsic incentives include those of Benabou and Tirole

(2003, 2006), Prendergast (2008), and Carlin and Gervais (2009). In Benabou and Tirole (2003),

using extrinsic incentives provides an informative signal about the agent’s own ability or the

nature of the task itself, and show that the high levels of extrinsic incentive can send negative

signal to the agent that the task is either inherently difficult or the agent is not talented enough to

perform the task without exerting high effort. Carlin and Gervais (2009) examine the impact of

agent’s work ethics on optimal incentive design, and show that firms may benefit from providing

flat wage contracts to agents with strong work ethics, but at the cost of attracting low-skilled

workers. In their paper, firms that require skilled labor (such as firms with high R&D intensity)

are more likely to forego utilizing flat-wage contract and provide high-powered incentives in

order attract agents with skilled labor, but at the cost of attracting egoistic managers. In

contrast to these papers, we show that extrinsic and intrinsic incentives do not necessarily

oppose each other, but can be complementary.11 On the other hand, Prendergast (2008) shows

11Furthermore, in our paper, both the principal and the agent share the exact same priors on the future prospect
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that hiring agents with intrinsic incentives are increasingly important when tasks are difficult

to measure, and that corporations are likely to hire employees with diverse intrinsic motivations

as many jobs within firm is specialized. In our paper, hiring employees who are intrinsically

motivated to innovate are increasingly important when innovation is ambiguous, even when it

is quantifiable, and predicts that innovative firms are likely to hire like-minded people and build

a common culture of innovation, rather than hiring employees with diverse intrinsic incentives.

This paper also relates to the existing work examining the effects of ambiguity in the

contracting literature. Mukerji (1998) shows that ambiguity can explain the existence of incom-

plete contracts as incentive contracts cannot implement the first-best outcome. Mukerji (2003),

Lopomo, Rigotti, and Shannon (2011), and Weinschenk (2010) examine the moral hazard prob-

lem with ambiguous projects and show that ambiguity decreases the optimal level of incentive

pay, and with a sufficient level of ambiguity, a flat-wage contract becomes optimal. However,

these studies focus on the cases in which an ambiguous project alone cannot be contracted on

due to ambiguity, similar to the non-participation results in other models with ambiguity-averse

agents (e.g., Dow and Werlang, 1992; Easley and O’Hara, 2009; Illeditsch, 2011). We depart

from these models by examining the tension between innovation and convention, a defining fea-

ture in studying innovation incentives, and by incorporating intrinsic incentives to the model.

With intrinsic incentives, we not only derive conditions under which low-powered incentives are

optimal, but also cases in which, despite ambiguity, high-powered incentives are also optimal for

inducing agent to take on ambiguity. Furthermore, existing studies rely to some extent on the

presence of relatively extreme degree of ambiguity to find non-participation in an ambiguous

task;12 in our paper, because of the presence of both innovation and convention, even a small

degree of ambiguity can trigger agent to deviate away from an ambiguous method (innovation)

if the alternative method (convention) is highly profitable.

3 Model

In this section, we introduce the agency conflict that arises from the tension between innovation

and convention.

for innovation, and hence, the mechanism that drives the “crowding out” effect is not learning or adverse selection,
but the differences in their preferences towards ambiguity associated with innovation.

12An equivalent condition in our paper would be to let the worst case prior contain zero probability of success,
(pLi ≤ 0).
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3.1 Setup

A principal hires an agent to work on a project with a payoff S in case of a success and F = 0 in

case of a failure. In carrying out the project, the agent makes decisions along two dimensions:

a method choice and an effort choice. The principal does not observe the actions taken by the

agent, so that the principal offers a wage contract contingent on the project outcome, that is,

whether the project is a success or a failure. The contract involves setting the wage scheme

conditional on success, wS , and on failure, wF .
13 The agent has limited liability, so wS and wF

cannot be negative. The agent’s reservation utility is normalized to zero, and so the individual

rationality constraint is non-binding.14

t=1︷ ︸︸ ︷
Principal hires the

agent with a contract
w⃗ = {wS , wF }.

Agent chooses method
m ∈ {i, k} and effort

e ∈ {h, l}.

Outcome S or F is
realized and w⃗ is paid.

Figure 1: The Decision Sequence

First, in implementing the project, the agent makes a decision whether to innovate or to

choose a conventional method, m ∈ {i(nnovation), k(onvention)}. The two methods differ in

their expected probability of success, pm. Convention is associated with the expected probability

of success pk. On the other hand, innovation is associated with the expected probability of

success p̃i ∈ [pLi , p
H
i ] = [pi − ϵ, pi + ϵ] ≡ Pi. We use tilde notation .̃ to denote the presence of

ambiguity.

The expected probability of success for innovation is a set of possible values rather than

a singleton. Hence, the agent perceives the risk associated with innovation to follow one of

many possible distributions rather than a single known distribution. The parameter ϵ, which

13The assumption that the principal faces two dimensions of hidden action that cannot be distinguished (via
signals or output) is a key feature of the model, and is consistent with other models of innovation (e.g., Manso
(2011)). If there exists other signals of agent’s actions, then the optimal contract will be contingent on those
signals; however, as long as those alternative signals are imperfect, the optimal contract will be a function of the
output. Similarly, if the outcome space is expanded in a way such that method choice and effort choice have
different effects on the outcome space (e.g., effort may positively affect moderate output, but innovation affect
potentially high output), then the moral hazard problem will be alleviated, but will still require contracting
on output to solve the hidden action problem as long as the output regions are not completely separable. The
possibility of these alternative solutions, however, exist regardless of whether or not the outcome space is assumed
to be binary (S or F ) or more broad.

14The structure of incentive pay remains qualitatively similar if we relax this assumption. See Section 5.5.
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describes the size of the set Pi, reflects the magnitude of ambiguity associated with innovation.

When ϵ = 0 so that pLi = pHi , the agent has a single prior, and, therefore, perceives innovation

simply as risky, but not ambiguous.

In addition to the choice between innovation and convention, the agent can also choose

to put in high effort or low effort, e ∈ {h, l}. With high effort, the agent incurs the effort cost

cm, with ci for innovation and ck for convention. The agent can also choose to exert low effort in

carrying out either convention or innovation. In this case, the agent incurs zero effort cost. As

such, there are four possible implementable choices of action for the principal: high- and low-

effort convention, {k, h} and {k, l}, and high- and low-effort innovation, {i, h} and {i, l}. The

consequence of low effort is that the expected probability of success is lowered by the amount

τ , resulting in the probability of success qk = pk − τ for convention and q̃i ∈ [pLi − τ, pHi − τ ] =

[qi − ϵ, qi + ϵ] for innovation.

The degree of ambiguity, ϵ, present in innovation will play an important role in deter-

mining the optimal incentive contract. However, as we will show, what determines the optimal

contracts is not the absolute degree of ambiguity, ϵ, but the degree of ambiguity relative to

convention. For exposition, we examine three different degrees of relative ambiguity in the

paper:

Definition 1. Innovation is associated with (1) high relative ambiguity if ϵ > pi − qk, (2)

moderate relative ambiguity if pi−pk < ϵ < pi−qk, and (3) low relative ambiguity if ϵ < pi−pk.

High relative ambiguity (ϵ > pi−qk) is a region in which, in some priors in p̃i, innovation

has a lower probability of success than low-effort convention. Note that even if the absolute

magnitude of the parameter ϵ is small, a very low probability of success for innovation in

general in a set p̃i implies that innovation is likely to be associated with high relative ambiguity.

Likewise, moderate relative ambiguity (pi − pk < ϵ < pi − qk) is a region in which, for all priors

in p̃i, probability of success is higher than that of low-effort convention, but some priors may

have a lower probability of success than high-effort convention. Lastly, low relative ambiguity

(ϵ < pi − pk) is a case in which all priors in p̃i, including the lowest possible prior, have higher

probabilities of success than that of high-effort convention.
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3.2 The Agent

The agent’s expected wage when implementing a given method m is then W̃ (m,h) = p̃mwS +

(1− p̃m)wF for high effort and W̃ (m, l) = q̃mwS + (1− q̃m)wF for low effort.

The agent is averse to ambiguity. Thus, when the agent implements innovation, the

agent faces a set of possible expected wages rather than a single expected value. We model

the agent’s aversion to ambiguity by utilizing the multiple-priors utility (MPU) from Gilboa

and Schmeidler (1989) and Schmeidler (1989), who provide a strong axiomatic foundation for

the MPU utility. Apart from ambiguity aversion, we assume for the sake of simplicity that the

agent is risk-neutral; however, the results are qualitatively similar under risk-averse agent, and

we provide further discussion in Section 4.4.

Under the multiple-priors utility, the agent derives his utility based on each possible

prior and takes action based on the prior with the lowest possible payoff. In other words, he

behaves as if he believes in the worst-case prior. Then the agent’s problem is to maximize his

utility based on the worst-case prior. The solution to the agent’s minimization problem over

his priors is denoted as p′i, and the agent’s expected utility from implementing innovation with

high effort is

Uagent(i, h) = min
pi

{piwS + (1− pi)wF − ci} (1)

= p′iwS + (1− p′i)wF − ci. (2)

Alternative models of ambiguity aversion have been proposed that generalize the multiple-

priors utility. The most notable alternative is the smooth-ambiguity aversion from Klibanoff,

Marinacci, and Mukerji (2005), in which the agent does not maximize his utility based only

on the worst prior, but has an additional separate prior over a set of possible distributions.

While we discuss the robustness of our results under the smooth-ambiguity model in Section

5.2, we focus on the multiple-priors utility for tractability and because of strong empirical and

theoretical support over the smooth ambiguity model: experiments and empirical estimations

of investor behavior (Ahn, Choi, Gale, and Kariv, 2010; Bossaerts, Ghirardato, Guarnaschelli,

and Zame, 2010) have shown that the kinked model of ambiguity aversion (MPU) seems to be

more consistent with investor behaviors under ambiguity than the smooth models of ambiguity

aversion. Furthermore, although the worst prior behavior of the agent under MPU may seem

extreme at first sight, the MPU model is very general and can incorporate various degrees
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of ambiguity aversion (Epstein and Schneider, 2010; Gajdos, Hayashi, Tallon, and Vergnaud,

2008). If one interprets the set Pi as the agent’s subjective priors, and distinguishes it from

the set of all logically possible probability distributions, say P∗
i , with Pi ⊆ P∗

i , then the degree

of ambiguity aversion can be incorporated through the size of the set Pi. For example, if the

success probability of innovative project, pi lies within zero and 1, then a moderately ambiguity-

averse agent may have a subjective prior pi ∈ [13 ,
2
3 ], and an extremely ambiguity-averse agent

may have a subjective prior pi ∈ [ 1
10 ,

9
10 ].
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Figure 2: The Expected Payoffs

With the additional layer of minimization over multiple priors, the agent’s belief about

innovation’s probability of success, p̃i, is no longer fixed, but is endogenous to the wage contract

offered by the principal. Thus, the principal’s utility maximization problem with incentive

compatibility constraints is no longer a simple linear programming problem since the constraints

themselves change depending on the wage parameter. However, the following lemma simplifies

the effect of the wage scheme on the agent’s belief:

Lemma 1. The solution to the agent’s minimization problem is p′i = pLi and q′i = qLi if wS ≥ wF ,

15As noted by Epstein and Schneider (2010), “the only way to argue that the model is extreme is to demonstrate
extreme behavioral implications of the axioms, which has not been done.”
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and p′i = pHi and q′i = qHi if wS < wF .

This lemma follows immediately given that, if wS ≥ wF , then the lowest possible pi

minimizes the agent’s payoff. If, otherwise, wS < wF , then the highest possible pi minimizes

the agent’s payoff.

3.3 Intrinsic Incentive

Apart from the payoffs from extrinsic wages, the agent may also derive additional intrinsic in-

centive from doing what is in the best interest of the firm. The intrinsic incentive follows Akerlof

and Kranton’s (2005) model of organizational “identity,” in which the agent that identifies with

the firm derives additional utility from inhering to firm’s goals and missions.16 Thus, the agent

may derive different levels of intrinsic utility from working on innovation versus convention.

For the agents in firms that pursue innovation, they derive additional utility I > 0 from

working on innovation, such that

Uagent(i, h) = piwS + (1− pi)wF − ci + I, (3)

Uagent(i, l) = qiwS + (1− qi)wF + I. (4)

This implies that the agents inherently prefer to innovate, consistent with the goal of the firm.

In this case, the agent implements innovation ({i,l}) even if his extrinsic incentive is set to zero

(wS = wF = 0).

The magnitude of I reflects then the strength of how much the agent identifies with the

firm. In the case of firm wishing to innovate, an agent who strongly identifies himself to be “part

of the team” or is self-motivated to partake in firm’s mission for innovation would have high

intrinsic incentive (I ≫ 0). For firms that have invested in cultivating a culture that promotes

innovation and creativity, and hires individuals who share in their mission (e.g., people with

inherent “taste” for scientific and creative endeavors (Merton, 1973)), agents are likely to have

high intrinsic incentives.

On the other hand, for principals that wish to implement more conventional methods,

16Intrinsic incentives can take different forms, e.g., an agent who is willing to work hard regardless of the
method. We assume our particular form of intrinsic incentive from Akerlof and Kranton to specifically examine
the effect of corporate identity. This assumption is also consistent with Holmstrom (1989) and Holmstrom and
Milgrom (1991), in which the agent exhibits some willingness to follow the principal’s desired course of action.
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the agents derive additional utility I > 0 from working on convention, such that

Uagent(k, h) = pkwS + (1− pk)wF − ck + I, (5)

Uagent(k, l) = qkwS + (1− qk)wF + I. (6)

In this case, the agents are inherently inclined to avoid innovation. Again, high I ≫ 0 reflects

the degree to which the agent identifies with the principal’s desire to implement convention.

3.4 The Principal

The principal can incentivize the agent to implement a desired action by setting the wage scheme

to w⃗ = {wS , wF }. Unlike the agent, the principal is ambiguity neutral. One motivation for the

setting is Dicks and Fulghieri (2015a) who show that investors can behave as if they are less

ambiguity averse if they are invested in a portfolio of uncertain assets, which is referred to as

uncertainty hedging. Thus, our assumption resembles the traditional principal-agent framework

in which diversified (risk-neutral) investors hire a professional (risk-averse) manager to run a

company. In addition, we also take it as a given that such situations may also arise, for example,

when a visionary entrepreneur/CEO, who is inherently more prone to taking on highly uncertain

projects, needs to hire others who are more averse to ambiguity and does not share the same

attitude toward ambiguity. We discuss the implications of the ambiguity averse principal in

Section 5.4.

The principal’s problem is to maximizes the expected payoffs over each possible action:

max
m,e

pm,e(S − w∗
S(m, e)) + (1− pm,e)(F − w∗

F (m, e)), (7)

where w∗
S(m, e) and w∗

F (m, e) are the optimal wages for implementing a given method and effort

set {m, e}. The principal’s problem can be solved in two parts: first, for each of the set {m, e},

we solve for the wage scheme that maximizes the principal’s expected payoff. Second, given

the principal’s maximized payoff conditional on each possible choice of action, the solution to

the principal’s problem is the one that is associated with the highest expected payoff to the

principal.
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4 Incentivizing Innovation Under Ambiguity

From this setup, we examine the wage schemes that incentivize innovation under ambiguity.

For the ease of exposition, we focus on the following case:

Assumption 1. qi > pk.

Assumption 1 describes a case in which the principal has a strong prior on innovation’s

success than convention. Substituting for qi with pi−τ , we have pi > pk+τ ; here, the expected

probability of success for innovation exceeds that of convention by τ . Thus, under Assumption 1,

the principal has a strong inclination towards implementing innovation, which is the focus of the

paper. We then examine the optimal incentive scheme that achieves this goal of implementing

innovation. For completeness, we derive qualitatively similar results in the alternative case in

which Assumption 1 does not hold in Section 5.1.

4.1 Low Relative Ambiguity

First, we examine the optimal incentives under low relative ambiguity.

Proposition 1. Suppose that Assumptions 1 holds. Under low relative ambiguity, the wage

scheme that implements innovation is high-powered, such that wF = 0 and

wS = max(
ci − ck − I

pLi − pk
,
ci − I

pLi − qk
,

ci

pLi − qLi
) ≡ wlow

i,h , (8)

as long as the project payoff is sufficiently high (S > pi
pi−qi

wlow
i,h ).

If S is not sufficiently high, then the wage scheme that implements innovation is low-

powered, such that wS = wF = 0.

One special case under low relative ambiguity is in the absence of ambiguity.17

Lemma 2 (Zero Ambiguity). In the absence of ambiguity (i.e., ϵ = 0), the wage scheme that

implements innovation is high-powered such that

wF = 0, wS = max(
ci

pi − qi
,
ci − ck − I

pi − pk
), (9)

as long as S is sufficiently high.

All proofs are contained in the appendix. Under low relative ambiguity, the optimal

wage scheme for implementing innovation is in the form of high-powered incentives, as long

17Alternative interpretation is that the agent is ambiguity-neutral.
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as the project payoff is sufficiently high to cover the necessary wage cost (S > pi
pi−qi

wlow
i,h ).

The intuition comes directly from the traditional moral hazard model in which the agent must

be compensated for exerting costly effort. The contingent reward, wS , is increasing in the

cost of effort for innovation, ci. In addition, the agent must also be rewarded for foregoing

convention in favor of innovation. Under low relative ambiguity, the agent’s prior for innovation

is stronger than that of convention, despite the presence of ambiguity in innovation (pL > pk).

Therefore, increasing contingent reward incentivizes both effort and innovation. On the other

hand, contingent reward, wS , is weakly increasing in the convention’s probability of success, pk

and qk, and weakly decreasing in the cost of effort associated with innovation.

Here, the amount of contingent reward, wS , is also decreasing in the agent’s intrinsic

incentive, I. More self-motivated agents thus require less high-powered incentives to implement

innovation. This is consistent with the results from Akerlof and Kranton (2005) who show that

self-motivated agents that identifies themselves more with the firm’s identity and mission require

less extrinsic incentive pay. Thus, intrinsic motivation is a substitute for extrinsic incentive,

and reduces the principal’s cost of implementing innovation.

On the other hand, in a trivial case in which the project payoff is not sufficient enough

to cover the wage cost, the principal utilizes low-powered incentives for innovation under low

relative ambiguity. Since the cost of compensating the agent for inducing effort and choosing

innovation over convention is costlier than the expected payoff from the project, the principal

simply implements low-effort innovation to avoid paying costly wages.

An important condition for these results is that, under low relative ambiguity, the prin-

cipal and the agent generally agree on which method (innovation vs. convention) has the higher

probability of success. Under zero ambiguity, the principal and the agent have exact same priors

on both convention and innovation, and exactly agree on future likelihoods. This allows the

principal to utilize high-powered incentives as an optimal mechanism for motivating innovation.

4.2 High or Moderate Ambiguity

We now examine the wage schemes that motivate innovation under moderate or high degree of

relative ambiguity.

Proposition 2. Suppose that Assumption 1 holds. If the intrinsic incentive, I, is not suf-

ficiently high, the wage scheme that implements innovation under high or moderate relative
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ambiguity is by utilizing low-powered incentive:

wS = wF = 0. (10)

Under high or moderate relative ambiguity, high-powered incentives are no longer opti-

mal to induce innovation, even if the project has sufficient payoffs (S). To illustrate the intuition

of the results, consider the case of incentivizing high-effort innovation. Because the agent must

be compensated from exerting high-effort, the principal must design the wage scheme such that

the reward for success is greater than the reward for failure, that is, wS > wF , which is evident

from the following incentive compatibility constraint:

ICi,l : min
p̃i

{p̃iwS + (1− p̃i)wF − ci} ≥ min
q̃i

{q̃iwS + (1− q̃i)wF }. (11)

The IC constraint states that the agent’s expected payoff from choosing high-effort innovation

must be greater than the payoff from low-effort innovation. From the IC constraint, we see

that the wage scheme must be high-powered: either wS > wF , or wS < wF . Otherwise, a

low-powered incentives with wS = wF violates the constraint due to the existence of effort cost

ci. However, given p′i > q′i for any p′i ∈ [pLi , p
H
i ], the principal must reward the agent more for

success than for failure equivalent to ci
pLi −qLi

.

When wS − wF = ci
pLi −qLi

, the worst possible prior among the set of possible priors

becomes the lowest possible prior, which minimizes his expected payoff , i.e., p′i = pLi (Lemma

1). The agent thus behaves as if the probability of success for innovation is inferior than

that of convention, regardless of the effort level. The use of high-powered incentive under

high relative ambiguity triggers agent’s pessimism towards ambiguous innovation, and creates

a tension between the incentive to induce effort and the incentive to induce innovation.

The tension can be seen in the remaining incentive compatibility constraints for imple-

menting high-effort innovation under high relative ambiguity. Given the agent’s prior pLi , the
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IC constraints become

ICi,l : wS − wF ≥ ci

pLi − qLi
(12)

ICk,h :
I − ci + ck
pk − pLi

≥ wS − wF , (13)

ICk,l :
I − ci

qk − pLi
≥ wS − wF . (14)

The last two constraints, ICk,h and ICk,l, ensure that the agent’s expected payoff from high-

effort innovation exceeds that of high-effort and low-effort convention. However, given the usage

of high-powered incentives, which leads the agent behave pessimistically and as if he believes in

the worst-case prior, the amount of compensation for effort, ci
pLi −qLi

, may no longer satisfy the

agent’s incentive to choose innovation over convention.

Whether the high-powered incentive will motivate the agent to deviate to convention

over innovation is, intuitively, a function of the relative effort costs and the agent’s priors on

their respective likelihood of success. In addition, it is also a function of the agent’s intrinsic

incentive to deviate, I. Greater the intrinsic incentive is for the agent to stick to innovation,

the less likely it is for the high-powered incentive to motivate the agent to work on convention.

For example, substituting wS − wF with the effort compensation cost, ( ci
pLi −qLi

), in ICk,h, we

obtain that ICk,h is satisfied if and only if

I >
pk − qLi
pLi − qLi

ci − ck. (15)

Therefore, if I is not sufficiently high, then the incentive compatibility constraint is violated, and

there is no wage constraint that can implement high-powered incentives. Thus, when the agent

has weak intrinsic incentive to innovate, offering high-powered incentives to the agent crowds

out agent’s any remaining incentive to innovate. To prevent this, the principal implements low-

effort innovation (which is still preferred by the principal than convention under Assumption 1)

by utilizing low-powered incentives: wS = wF = 0.

On the other hand, if I is sufficiently high, then the use of high-powered incentive in

motivating innovation is optimal:

Proposition 3. Suppose that Assumption 1 holds. If I is sufficiently high, the wage scheme
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that implements innovation under moderate or high relative ambiguity is such that wF = 0 and

wS =


ci

pLi −qLi
, if high relative ambiguity.

max( ci−I
pLi −qk

, ci
pLi −qLi

) ≡ wmod
i,h , if moderate relative ambiguity,

(16)

as long as S is sufficiently high. If S is not sufficiently high, low-powered incentive (wS = wF =

0) is optimal.

With sufficiently high I, the negative effect of high-powered incentive on the incentive

to innovate is offset by the agent’s intrinsic incentive to innovate. Thus, with sufficiently high

I, high-powered incentives do not lead the agent to deviate away from innovation.

This result suggests that intrinsic incentives not only a simple substitute for extrinsic

incentive, as it is in the case of low relative ambiguity, but can also play a complementary role to

extrinsic incentives. As the agent’s intrinsic incentive increases, the tension between innovation

and convention becomes minimal as deviating to convention becomes an unviable option for

the agent. Then the only choice of implementation is between either high-effort or low-effort

innovation, which resembles a traditional principal-agent model with costly effort.

4.3 Discussion

In the presence of weak intrinsic incentives, providing rewards for success can incentivize the

agent towards convention over innovation, thereby “crowding out” the agent’s intrinsic incentive

to innovate. This result is similar to Holmstrom and Milgrom’s (1991) model, in which the

principal must use low-powered incentives to implement innovation when innovation cannot be

measured. In their model, low-powered incentives arise because the signal of an agent’s effort

in innovation cannot be measured, such that any positive incentives will incentivize the agent

away from innovation. If innovation is measurable and contractible, some amount of contingent

reward will always be optimal in their model given a risk-averse agent with a smooth utility

function who is thus risk-neutral towards a small amount of incentive pay.

In contrast, both high-powered and low-powered incentives can arise as optimal contracts

in our model of innovation under ambiguity. The main mechanism that drives our results is that

the presence of ambiguity generates additional cost of using high-powered incentives. When the

agent is not intrinsically motivated to innovate (or go along with the desire of the principal),

the principal avoids using extrinsic incentives as it leads agents to become pessimistic towards
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innovation. Hence, the lack of measurable or contractible signal is not the reason for relying on

low-powered incentives. On the other hand, when the agent is intrinsically motivated to stay

with innovation, the principal can implement innovation with high-powered incentives.

Furthermore, the definition of high relative ambiguity is not only a function of the

ambiguity embedded in innovation itself but is also a function of the probability of success

for convention. Even if the absolute magnitude of ambiguity associated with innovation, ϵ, is

low, a high expected payoff from convention will result in a high return from shirking, qk =

pk − τ . Thus, a small degree of uncertainty associated with innovation, in the presence of

highly profitable alternatives, will have a significant impact on the characteristic of the optimal

incentive for innovation.

4.4 Ambiguity-Aversion vs. Risk-Aversion

How do our results differ from the case in which the agent is averse to risk, rather than am-

biguity? From the special case of zero ambiguity, we can also derive and compare the results

under a case in which the agent is risk-averse, rather than ambiguity-averse.18 If innovation is

simply risky, and the agent is risk-averse, we derive qualitative similar optimal contract to the

case with zero ambiguity in Lemma 2. For illustration, let uvNM (.) be the risk-averse agent’s

utility with an additive effort cost. Then the principal’s problem in implementing high-effort

innovation is to maximize the expected payoff from (7) subject to the incentive compatibility

constraints. Given pi > pk > qk and pi > qi under zero ambiguity, the IC constraints are

ICk,h : (pi − pk)(u
vNM (wS)− uvNM (wF )) ≥ ci − ck − I, (17)

ICk,l : (pi − qk)(u
vNM (wS)− uvNM (wF )) ≥ ci − I, (18)

ICi,l : (pi − qi)(u
vNM (wS)− uvNM (wF )) ≥ ci (19)

which can be satisfied by setting wS and wF such that uvNM (wS)− uvNM (wF ) > 0. The wage

scheme under risk aversion, however, will be costlier to the principal than is the wage cost under

a risk-neutral agent due to additional compensation for taking on risk. Thus, the structure of

the incentive scheme is quantitatively different, but qualitatively similar to the case of zero

ambiguity.

18In the Internet Appendix, we also show that the results are similar when the agent is averse to both ambiguity
and risk.
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5 General Case and Robustness

5.1 Assumption 1: qi > pk

In our main results, we assumed that the principal has a strong prior on innovation’s success

such that qi > pk. Here we complete the picture by examining the alternative case in which the

principal’s prior on convention may be stronger than that of innovation.

Proposition 4. Suppose that Assumption 1 does not hold. Under high or moderate relative

ambiguity, the principal implements innovation if

(i) both the project payoff, S, and the intrinsic incentive, I are sufficiently high, or

(ii) the project payoff, S, is sufficiently low.

Otherwise, the principal implements convention.

The wage scheme that implements innovation is such that wS = wF = 0 if

(a) the intrinsic incentive, I, is not sufficiently high, or

(b) the intrinsic incentive is sufficiently high, but the project payoff, S, is sufficiently low.

Otherwise, the wage scheme that implements innovation is such that wF = 0, and

wS =


ci

pLi −qLi
, if high relative ambiguity.

max( ci−I
pLi −qk

, ci
pLi −qLi

) ≡ wmod
i,h , if moderate relative ambiguity.

(20)

On the other hand, the wage scheme that implements convention is such that

wS =


max

(
ck−ci−I
pk−pLi

, ck
pk−qk

)
≡ whigh

k,h , if high relative ambiguity.

max
(
ck−ci−I
pk−pLi

, ck
pk−qk

, ck−I
pk−qLi

)
≡ wmod

k,h , if moderate relative ambiguity.

(21)

The conditions that determine the use of high-powered versus low-powered incentives in

motivating innovation remains similar to our baseline model: the principal utilizes high-powered

incentives to motivate innovation when the agent is intrinsically motivated (condition (a)), and

when the principal’s expected payoff from the project is low (condition (b)). On the other hand,

the principal utilizes low-powered incentives in motivating innovation when the agent has low

intrinsic incentive or when the payoff from the project does not cover the wage cost. This again
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is driven by the fact that high-powered incentives under ambiguity reduce the agent’s incentive

to innovate. Thus, the mechanisms of the trade-off between high-powered and low-powered

incentives in motivating innovation from our baseline model remains in tact.

However, in contrast to our baseline model, the principal may also wish to implement

convention over innovation in certain cases. In fact, given the dis-incentivizing effect of high-

powered incentives towards innovation, the cost of implementing convention is cheaper for the

principal than in the case of zero ambiguity. Thus, when the project’s potential payoff is

sufficiently high such that utilizing high-powered incentives is not cost prohibitive (condition

(i)), and when the cost of deviating from innovation facing the agent is not too high (condition

(ii)), high-powered incentives are utilized to implement convention.

In Internet Appendix A, we also derive the results under low relative ambiguity, and

show that the results are also qualitatively similarity to our main baseline case.

5.2 Smooth Ambiguity Aversion

An alternative way to model ambiguity aversion is by using the smooth-ambiguity model of

Klibanoff, Marinacci, and Mukerji (2005), who assign an additional probability distribution µ

on the set of possible priors P∗
i . The agent’s utility under the smooth-ambiguity model when

implementing high-effort innovation is given as follows:

UKMM
a (i, h) =

∫
P∗
i

ϕ (Uagent(i, h, p
∗
i )) dµ, (22)

where µ captures agent’s subjective prior over a set of all possible distributions P∗
i and ϕ

is a continuous and increasing function on Uagent, and captures the agent’s attitude toward

ambiguity. When ϕ is concave, then the agent is ambiguity averse in a sense that the certainty

equivalent payoff for a set of uncertainty priors P∗
i is lower than an ambiguity-neutral agent

with a linear ϕ. Thus, KMM provides a tractable way to distinguish between the existence

of ambiguity through the set P∗
i and the individual’s attitude toward ambiguity through the

function ϕ. In the absence of risk aversion, the KMM utility of the agent is

UKMM
a (i, h) = Eµ[ϕ(W̃ (i)− ci − I)]. (23)

This framework retains key ingredients of our main results. First, with sufficiently large ambigu-

ity in P∗
i and concavity in ϕ, the agent’s expected utility from taking on ambiguous innovation
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will be low compared with the expected payoff from convention. Also, the agent’s pessimism

towards ambiguity persists regardless of whether the agent is paid more for success or for failure

given that the function ϕ is applied to the level of agent’s utility and not on the probability of

success itself. With rewards for success, wS > wF , the agent’s high utility from potential dis-

tributions with high pi is discounted relatively more compared to ambiguity-neutral agent. On

the other hand, with rewards for failure wF > wS , the distributions with lower pi is discounted

relatively more. As long as the agent’s pessimistic view toward ambiguous task persists, and

the pessimism is endogenous to the wage contract set by the principal, high-powered incentive

dis-incentivizes the agent away from innovation. When the agent has low intrinsic incentive, I,

the principal prefers to utilize low-powered incentive to avoid dis-incentivizing the agent from

innovation. On the other hand, with sufficiently high I, the principal can utilize high-powered

incentive without worrying about deviation towards convention.

In the Internet Appendix, we discuss our results under smooth ambiguity aversion with

an example of an agent with a constant absolute ambiguity aversion.

5.3 Long-Term Incentives

Other studies on optimal contracting for motivating innovation have focused on the dynamics

of the contract. Manso (2011), for example, utilizes a two-period bandit model to study the

role of long-term versus short-term incentives. Baranchuk, Kieschnick, and Moussawi (2014)

provide empirical examination of the CEO compensation structure in innovative firms going

public and find that long-term incentives, such as long-term vesting equity and option grants,

and a tolerance for short-term failures are prevalent in firms producing patents. However, the

focus on long-term versus short-term incentives are about the timing of extrinsic incentives

that may arise from the possibility of learning, and not on the trade-off between extrinsic and

intrinsic incentives, which is the focus of this paper.

Our results would suggest that, if ambiguity is not completely resolved through exper-

imentation and learning, and persists over time, then long-run extrinsic incentives can crowd

out the agent’s incentive to innovate. Thus, the use of long-run incentives may be optimal for

motivating innovation when they are complemented with strong intrinsic incentives.
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5.4 Ambiguity-Averse Principal

The principal is modeled so far as being ambiguity-neutral. The structure of the wage scheme

necessary to induce innovation from the agent does not depend on this assumption; however,

whether the principal will wish to implement such a contract changes based on the degree of

ambiguity faced by the principal. As long as the payoff generated by success exceeds that of a

failure for the principal, the ambiguity-averse principal with a prior pi ∈ [pi−δ, pi+δ] will behave

as if he believes in the worst-case prior, pi − δ, which is similar to the agent’s minimization

problem from Lemma 1. The results under the ambiguity-averse principal therefore mirror

the results under the ambiguity-neutral principal, but pi is replaced by pi − δ in deriving the

sufficiency conditions. Specifically, our assumption that pi > pk must be replaced with a

stronger assumption that the ambiguity-averse principal’s prior on the innovation’s success is

higher than that of convention (pi − δ > pk). Otherwise, implementing convention may become

optimal.

The changes in the results under this relaxed assumption do suggest that our analysis

is more appropriate for the case in which the ambiguity of the principal is less than that of

the agent. If the principal, for example, also faces high ambiguity, similarly defined as the

agent’s high ambiguity such that high-effort innovation under a certain set of beliefs is inferior

to convention, that is, pi − δ < qk, then the principal always wishes to implement convention

(with high or low effort depending on other conditions), and the problem of implementing

innovation never arises. This parallels the consequence of the non-participation results from

paper studying portfolio choice under ambiguity (e.g., Dow and Werlang, 1992; Easley and

O’Hara, 2009; Illeditsch, 2011). But with the two substitutable choices facing the principal in

this model, whether the principal wishes to participate in implementing innovation or to choose

to stay away not only depends on the profitability of innovation itself but also on the profitability

of the alternative methods, namely, the conventional method in this case. Thus, the adverse

effect of the principal’s ambiguity aversion on the amount of innovation being implemented is

exacerbated by the presence of profitable alternatives.

5.5 Reservation Utility

The reservation utility in the model is normalized to zero. With a positive reservation utility

from the agent’s outside options, the overall wage level increases but the characteristics of the

optimal contract remain the same. Given the agent’s outside option value w, the principal’s
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problem of implementing low-effort innovation contains the additional individual rationality

constraint:

IR : min
q̃i

{q̃iwS + (1− q̃i)wF + I} ≥ w. (24)

The optimal low-powered wage scheme is then wS = wF = w, rather than being equal to zero.

Similarly, when the principal implements high innovation, the reward for failure no longer equal

zero, but is determined by the binding individual rationality constraint

IR : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ w. (25)

With the other incentive compatibility constraints determining the optimal level of the wedge

between the reward for success and the reward for failure, w∗ ≡ (wS − wF ), the reward for

failure equals wF = w + ci − I − pLi w
∗. Similarly, for the optimal contract implementing high

convention, the reward for failure equals wF = w + ck − pkw
∗. Thus, introducing the agent’s

outside options, w, change the overall level, but not the incentive component of the optimal

wage scheme.

While the structure of the incentive schemes remain the same, the reservation utility can

impose greater cost on high-effort innovation over convention. The principal’s expected wage

cost for convention is equal to pkwS +(1− pk)wF = pk(wS −wF )+wF . Plugging in for wF , the

expected cost is equal to w + ck. On the other hand, the expected wage cost for implementing

high-effort innovation is equal to

(pi − pLi )w
∗ + w + ci − I. (26)

Comparing the expected wage cost for innovation and convention, we can see that implementing

innovation is associated with an additional cost (pi − pLi )w
∗, in addition to the differences in

the effort costs and the intrinsic incentive. This additional cost is increasing in the difference

in priors between the principal and the agent under ambiguity. The introduction of reservation

utility, therefore, magnifies the effect of ambiguity in increasing the wage cost of implement-

ing high-effort innovation. The principal, in turn, favors either convention or implementing

innovation with low effort.
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6 Empirical Implications

6.1 Compensation and Corporate Culture

Intrinsic incentives play an important role in innovative companies. Many of the modern tech-

nology companies like the aforementioned Amazon, Google, Airbnb, as well as as those in

Silicon Valley, are well known for maintaining a unique culture for fostering innovation and

entrepreneurship.19 Consistent with various anecdotal evidence, a survey of executives in in-

novative firms by Tellis, et al. (2009) find that the dimensions of corporate culture, as well as

national culture, are significantly correlated with corporate innovation performance. Similarly,

Graham et al. (2017) also find that corporate culture is strongly tied to the risk-taking behavior

of the firm.

The potential role for intrinsic incentives and corporate culture in motivating innovation

is largely unexplained by the existing models of innovation (Holmstrom, 1989; Holmstrom and

Milgrom, 1991; Aghion and Tirole, 1994; Manso, 2011). If we expand beyond innovation, the

existing models that incorporate such intrinsic incentives predict that intrinsic and extrinsic

incentives should be negatively correlated as they are substitutes (e.g., Akerlof and Kranton

(2005)), and the use of one can undermine the effectiveness of the other (e.g., Holmstrom (1989),

Holmstrom and Milgrom (1991), Benabou and Tirole (2003, 2016), Prendergast (2008), Carlin

and Gervais (2009), and Van den Steen (2010a)).

In contrast, our model predicts that the use of intrinsic and extrinsic incentives can

be positively correlated when innovation is ambiguous. As Proposition 3 states, the agent’s

wage contract becomes high-powered (wS > 0) when the agent’s intrinsic incentives is also

high I. On the other hand, as Proposition 2 show, when the agent’s intrinsic incentive (I) is

low, the contract becomes low-powered (wS = 0). These results imply that when innovation

is ambiguous the use of high-powered incentives must be complemented with strong intrinsic

incentives. The mechanism that drives the complementary relation between the two is that

the presence of ambiguity generates potential difference in priors between the principal and the

agent, which increases the incentive of the agent to deviate away from innovation. Given that

corporate culture reflects the homogeneity in values and beliefs within an organization (Van den

Steen (2010a)), developing corporate culture in which the employees and the managers share

19For example, Nocera (2015), “The Amazon Way,” New York Times; Goo (2006), “Building a ‘Googley’
Workforce: Corporate culture breeds innovation – even during downtime,”The Washington Post; Manjoo (2015),
“A Bid to Divide and Conquer,” New York Times; Hwang (2012), “A Valley state of mind,” The Washington
Post.
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similar beliefs and preferences towards innovation can alleviate the adverse effect of ambiguity.

Our model’s prediction for the complementary relation between intrinsic and extrinsic

incentives seem to be consistent with the fact that innovative firms, while relying heavily on

cultural identity and intrinsic incentives, are also the firms in which extrinsic incentives are also

heavily utilized.20 Therefore, our model is unique in establishing the complementary role that

intrinsic incentives and cultural identity play in motivating innovation.

6.2 Managerial/Employee Characteristics and Hiring Practices

Given our prediction that extrinsic incentives can be both effective and detrimental for moti-

vating innovation depending on the strength of intrinsic incentives, our results also imply that,

going forward, empirical studies on the determinants of corporate innovation incentives should

focus on the intrinsic and extrinsic incentives jointly, especially with regards to how they inter-

act and affect each other. This is a departure from existing empirical tests (Ederer and Manso

(2013), Francis, Hasan, and Sharma (2010), Baranchuk, Kieschnick, and Moussawi, 2014, and

Chang, Fu, Low, and Zhang (2015)). As a specific example, our results predict that the positive

relation between extrinsic incentives (e.g., options with longer vesting periods) and innovative

output documented in Baranchuk, Kieschnick and Moussawi (2014) is conditional on the pres-

ence of various characteristics of corporate identity and culture (e.g., Hofstede, Neuijen, Ohayv,

and Sanders’s (1990) six factors of organizational culture: process-oriented vs. results-oriented,

employee-roeinted vs. job-oriented, parochial vs. professional, open system vs. closed system,

loose control vs. tight control, and normative vs. pragmatic, and Cameron, DeGraff, Quinn,

and Thakor’s (2006) competing values framework: create, compete, control, and collaborate).

Likewise, the role of intrinsic incentives and corporate identity in motivating innovation

also points to the importance of examining firm’s hiring practices and managerial characteris-

tics, jointly with the characteristics of extrinsic incentives. As Van den Steen (2010b) points out,

corporate culture is not a characteristic that a firm is exogenously endowed with, but is shaped

by various mechanisms such as screening and self-sorting in the market over time. Thus, examin-

ing how firm’s hiring practices, managerial/employee turnovers, and managerial characteristics

and styles (Bertrand and Schoar 2003; Carlin and Gervais, 2009; Hershleifer, Low, Teoh, 2012)

20See, for example, Huffington Posts Heres How Much Silicon Valley Tech Workers Make.. Likewise, Francis,
Hasan, and Sharma (2010), Baranchuk, Kieschnick, and Moussawi (2014), and Chang, Fu, Low, and Zhang
(2015) that document positive relation between innovation and high-powered incentives. In addition, as reported
in Table D.1, a simple comparison of CEO compensation levels between patenting and non-patenting firms show
a 36.5% difference. Similarly the difference between high vs. low patenting firms show 62.4% gap in CEO pay.
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interact or exist jointly with firm’s compensation structure provide greater explanatory power

for firm’s innovative output and quality than by simply looking at compensation characteristics

or other corporate policies by themselves. Other managerial and individual characteristics that

are positively associated with innovation include the intrinsic taste for intellectual challenge

and independence (Sauermann and Cohen, 2010). Specifically, our model predicts that such

characteristics should be positively correlated with the level of extrinsic incentives.

6.3 Tolerance for Failures

Another characteristic that has been examined in the empirical literature on corporate innova-

tion is tolerance for failures (Tian and Wang, 2014; Chemmanur, Loutskina, and Tian, 2014;

and Chemmanur and Tian, 2017). While our model predicts that high-powered incentives, in

which the agent rewarded for only successful outcomes, is optimal for inducing innovation when

the agent’s intrinsic incentive is also high, it likewise predicts that low-powered incentives, in

which the agent is not punished (or rewarded less) for failures when intrinsic incentive is low.

The optimality of low-powered incentives and flat wages in the presence of weak intrinsic incen-

tives in our model thus resembles tolerance for failures. Indeed, punishing the agent for failures

has the same effect on the agent’s ambiguous priors as it creates a gap between positive and

negative outcomes, which triggers agent’s pessimism in the presence of ambiguity. Thus, we

predict that providing tolerance for failures may be optimal for motivating innovation (Tian and

Wang, 2014; Chemmanur, Loutskina, and Tian, 2014; and Chemmanur and Tian, 2017) in situ-

ations in which the agent lacks strong intrinsic incentives, or in situations in which the principal

cannot directly shape or affect agent’s intrinsic incentives through building strong corporate

identity or implementing rigorous screening practices for finding individuals with cultural fit.

6.4 Radical vs. Incremental Innovation

The model’s prediction for the relation between extrinsic and intrinsic incentives depends on

the level of ambiguity associated with innovation. One potential determinant of the degree of

ambiguity in innovation is whether the innovation is radical or incremental. Radical innovations

that depart significantly from existing technology are likely to be associated with greater degree

of ambiguity as there are little precedents for assessing the risk. Our model predicts that these

are the cases in which intrinsic incentives can complement extrinsic incentives (Propositions 2

and 3). On the other hand, innovations that, while valuable, adds incremental contribution
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to the existing technology are likely to be associated with less degree of ambiguity. In such

cases, intrinsic incentives function as simple substitutes as intrinsic innovation lowers the need

for providing strong extrinsic incentives (Proposition 1).

Recent studies have attempted to empirically distinguish firms that pursue radical in-

novation versus incremental innovation by examining not only the the number of patents or

citations received by the firm, but the distributions of citations received on their portfolio of

patents (e.g., Acemoglu, Akcigit, and Ceilk (2014) and Balsmeier, Fleming, and Manso (2017)).

Such proxies may be utilized to test whether firms that pursue radical innovation are more likely

to utilize extrinsic and intrinsic incentives jointly than firms that pursue incremental innovation.

7 Conclusion

The Ellsberg (1961) experiment and the subsequent body of research have shown that individ-

uals behave differently in situations in which they are uncertain about the exact risk associated

with their decisions. These environments typify the process of innovation, which requires peo-

ple to explore unfamiliar territories of knowledge. In this paper, we study the problem of

incentivizing innovation in such environments.

We show that, in the presence of ambiguity, intrinsic incentives must complement ex-

trinsic incentives to effectively motivate innovation. In the absence of strong intrinsic incentives,

extrinsic incentives can motivate people to avoid ambiguous innovation in favor of more con-

ventional methods. Our paper thus provides a simple and intuitive model that establishes a

potential complementary role for both intrinsic and extrinsic incentives in motivating innova-

tion.
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Appendix A: Proofs

PROOF OF PROPOSITION 1:

Proof. If Assumption 1 holds, then the principal’s expected payoff from low-effort innovation
exceeds that of high-effort convention for any wage scheme {wS , wF } necessary to implement
convention:

qiS > pk(S − wS)− (1− pk)wF . (27)

Thus, the principal chooses between high-effort innovation {i,h} vs. low-effort innovation, {i,l}.
We proceed with the proof by 1) deriving the wage schemes that implements high-effort inno-
vation under low relative ambiguity, 2) deriving the wage scheme that implements low-effort
innovation under low relative ambiguity, and 3) comparing the payoffs from the two choices to
derive the conditions under which the principal implements each action.

Step 1:
First, the principal’s problem in implementing high-effort innovation is

max
wS ,wF

pi(S − wS) + (1− pi)(F − wF ) s.t. (28)

ICk,h : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ pkwS + (1− pk)wF − ck, (29)

ICk,l : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ qkwS + (1− qk)wF , (30)

ICi,l : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ min
q̃i

{q̃iwS + (1− q̃i)wF + I}. (31)

Let p′i and q′i be the argmins of the agent’s minimization problems. First, the optimal contract
cannot be such that wS − wF < 0: Suppose wS − wF < 0. Then, from Lemma 1, the agent’s
prior that minimizes the agent’s payoff is p′i = pHi and q′i = qHi . In this case, ICi,l becomes

ICi,l : pHi wS + (1− pHi )wF − ci + I ≥ qHi wS + (1− qHi )wF + I, (32)

which can also be expressed as

ICi,l : (pHi − qHi )(wS − wF ) > ci. (33)

However, given pHi > qHi , this IC constraint cannot be satisfied with wS − wF ≤ 0.
Thus, the optimal contract must be such that wS > wF .
From Lemma 1, wS > wF implies p′i = pLi , and the IC constraints can be re-arranged as

ICk,h : (pLi − pk)(wS − wF ) ≥ ci − ck − I, (34)

ICk,l : (pLi − qk)(wS − wF ) ≥ ci − I, (35)

ICi,l : (pLi − qLi )(wS − wF ) ≥ ci. (36)

Next, the optimal contract must have wF = 0. To see this, assume that the optimal contract
{wS , wF } has wF > 0. Then let {w′

S , w
′
F } be an alternative contract with w′

F = 0 and w′
S =

wS−wF . This contract has a lower expected wage cost because wF has been subtracted from the
original contract. At the same time, the IC constraints are satisfied because w′

S−w′
F = wS−wF .

So the wage scheme {w′
S , w

′
F } results in higher payoff for the principal while satisfying all IC

constraints; this is a contradiction.
Then, the solution to the principal’s problem is wF = 0, and wS = max( ci−ck−I

pLi −pk
, ci−I
pLi −qk

, ci
pLi −qLi

) ≡
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wlow
i,h .

Step 2:
Next, we examine the wage scheme that implements low-effort innovation under low relative
ambiguity. The principal’s problem in implementing low-effort innovation is

max
wS ,wF

qi(S − wS) + (1− qi)(F − wF ) s.t. (37)

ICk,h : min
q̃i

{q̃iwS + (1− p̃i)wF + I} ≥ pkwS + (1− pk)wF − ck (38)

ICk,l : min
q̃i

{q̃iwS + (1− p̃i)wF + I} ≥ qkwS + (1− qk)wF (39)

ICi,h : min
q̃i

{q̃iwS + (1− q̃i)wF + I} ≥ min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I}. (40)

Then, the contract wS = wF = 0 is the lowest possible wage cost, which maximizes the princi-
pal’s expected payoff, and satisfies all the IC constraints.

Step 3:
We now compare the principal’s expected payoffs from high-effort and low-effort innovation.
Given the above contracts for implementing high-effort and low-effort innovation, the principal’s
expected payoffs are as follows:

High-effort Innovation: pi(S − wlow
i,h ),

Low-effort Innovation: qiS ,

Comparing the payoffs from the two actions, the principal implements high-effort innovation if
S is sufficiently high such that S > pi

pi−qi
wlow

i,h ; The principal implements low-effort innovation,
otherwise.

PROOF OF LEMMA 2:

Proof. From Proposition, the optimal contract is such that wF = 0, and
wS = max( ci−ck−I

pLi −pk
, ci−I
pLi −qk

, ci
pLi −qLi

) as long as S is sufficiently high. Plugging in pLi = pi and

qLi = qi under zero ambiguity, the optimal contract becomes wS = max( ci−ck−I
pi−pk

, ci−I
pi−qk

, ci
pi−qi

).

Since ci
pi−qi

> ci−I
pi−qk

, we obtain wS = max( ci−ck−I
pi−pk

, ci
pi−qi

).

PROOF OF PROPOSITION 2:

Proof. From the proof of Proposition 1, if Assumption 1 holds, the principal’s choice is then
between high-effort innovation {i,h} vs. low-effort innovation, {i,l}.
First, we consider the principal’s problem of implementing high-effort innovation under high
ambiguity:

max
wS ,wF

pi(S − wS) + (1− pi)(F − wF ) s.t. (41)
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ICk,h : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ pkwS + (1− pk)wF − ck, (42)

ICk,l : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ qkwS + (1− qk)wF , (43)

ICi,l : min
p̃i

{p̃iwS + (1− p̃i)wF − ci + I} ≥ min
q̃i

{q̃iwS + (1− q̃i)wF + I}. (44)

Following the proofs in Proposition 1, the contract that implements high-effort innovation must
be such that wS > wF , which implies p′i = pLi .
Then it follows that the IC constraints under high ambiguity can be rewritten as

ICk,h :
ck − ci + I

pk − pLi
≥ wS − wF , (45)

ICk,l :
I − ci

qk − pLi
≥ wS − wF , (46)

ICi,l : wS − wF ≥ ci

pLi − qLi
. (47)

The solution to the principal’s problem must also contain wF = 0. Otherwise, the principal will
be able to find a cheaper contract that satisfies all IC constraints (see Proof of Proposition 1).
From the three constraints, we have two upper bounds and one lower bound on wS . Thus, ICi,l

is binding, and wS = ci
pLi −qLi

. However, the solution must also satisfy ICk,h and ICk,h, which

requires

wS =
ci

pLi − qLi
<

ck − ci + I

pk − pLi
, and (48)

ci

pLi − qLi
<

I − ci

qk − pLi
. (49)

The last two inequalities can be re-arranged as

I >
pk − qLi
pLi − qLi

ci − ck, and (50)

I >
qk − qLi
pLi − qLi

ci. (51)

Thus, as long as I ≤ max(
pk−qLi
pLi −qLi

ci − ck,
qk−qLi
pLi −qLi

ci) , the optimal contract implements low-effort

innovation, and is such that wF = wS = 0.
Similarly, under moderate ambiguity, we can rewrite the IC constraints as follows:

ICk,h : ck − ci + I ≥ (pk − pLi )(wS − wF ), (52)

ICk,l : (pLi − qk)(wS − wF ) ≥ ci − I, (53)

ICi,l : (pLi − qLi )(wS − wF ) ≥ ci. (54)

If ICk,h is not binding, then from ICk,l and ICi,l, we obtain

wS − wF = max(
ci − I

pLi − qk
,

ci

pLi − qLi
) ≡ wmod

i,h (55)

Also, the optimal contract must also contain wF = 0. Otherwise, the principal will be able to
find a cheaper contract that satisfies all IC constraints (see Proof of Proposition 1).
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However, this contract satisfies ICk,h if

wmod
i,h <

I + ck − ci

pk − pLi
. (56)

Otherwise, there does not exist a wage contract that satisfies all the IC constraints. Rewriting
the last condition, we obtain that high-effort innovation cannot be implemented as long as

I <
pk − qLi
pLi − qLi

ci − ck if wmod
i,h =

ci

pLi − qLi
, (57)

I < ci −
pLi − qk
pk − qk

ck, if w
mod
i,h =

ci − I

pLi − qk
. (58)

PROOF OF PROPOSITION (3):

Proof. We proceed with the proof by 1) deriving the wage schemes that implements high-effort
innovation under high and moderate ambiguity and 2) comparing the payoffs from the two
choices to derive the conditions under which the principal implements each action.

• Step 1:

First, from the proof of Proposition 2, the wage scheme that implements high-effort in-
novation under high ambiguity is such that wF = 0 and wS = ci

pLi −qLi
. However, such

contract is feasible if and only if I is sufficiently high: I >
pk−qLi
pLi −qLi

ci − ck and I >
qk−qLi
pLi −qLi

ci.

Similarly, from the proof of Proposition 2, the wage scheme that implements high-effort
innovation under moderate ambiguity is such that wF = 0 and

wS = max(
ci − I

pLi − qk
,

ci

pLi − qLi
) ≡ wmod

i,h , (59)

but I must be sufficiently high such that I >
pk−qLi
pLi −qLi

ci − ck if wmod
i,h = ci

pLi −qLi
, and I >

ci −
pLi −qk
pk−qk

ck, if w
mod
i,h = ci−I

pLi −qk
.

Meanwhile, the wage scheme that implements low-effort innovation is wS = wF = 0,
which is the lowest possible wage cost, which maximizes the principal’s expected payoff
and satisfies all the IC constraints for all levels of ambiguity.

• Step 2:

We now compare the principal’s expected payoffs from high-effort and low-effort innova-
tion.

First, if I is not sufficiently high, the only way to implement innovation is with low-powered
incentives.

If I is sufficiently high, the principal compares the expected payoff from the two choices.

Under high ambiguity, the payoffs are

High-effort Innovation: pi(S − ci
pLi −qLi

).

Low-effort Innovation: qiS ,
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Comparing the two payoffs, the principal implements high-effort innovation if S > pi
pi−qi

ci
pLi −qLi

,

and low-effort innovation, otherwise.

Under moderate ambiguity, the payoffs are

High-effort Innovation: pi(S − wmod
i,h ),

Low-effort Innovation: qiS ,

If I is sufficiently high, high-effort innovation is feasible by utilizing high-powered incen-
tives. Then, comparing the two payoffs, high-effort innovation is preferred over low-effort
innovation if pi(S−wmod

i,h ) > qiS. Rewriting the last expression, we obtain S > pi
pi−qi

wmod
i,h .

Otherwise, low-powered incentive is optimal.

PROOF OF PROPOSITION (4):

Proof. If Assumption 1 does not hold, i.e., qi ≤ pk, then the payoff from convention may be
higher than that of (high-effort or low-effort) innovation, and the payoffs from all three action
choices ({i,h}, {i,l}, {k,h}) must be compared.
We will proceed this proof by examining the case of high relative ambiguity and 1) deriving the
optimal wage schemes that implements each of the three actions ({i,h}, {i,l}, {k,h}), and hence,
the principal’s payoffs from these actions, and 2) derive conditions under which the principal
implements either innovation or convention by comparing these payoffs. We then repeat the
steps in the case of moderate relative ambiguity (steps 3 and 4).

• Step 1:

First, we derive the principal’s payoffs under high relative ambiguity.

The wage schemes that implements high-effort and low-effort innovations ({i,h} and {i,l})
have been derived in Proposition 3, which were wF = 0 and wS = whigh

i,h = ci
pLi −qLi

for

high-effort innovation and wF = wS = 0 for low-effort innovation.

We now derive the wage scheme that implements high-effort convention. When the prin-
cipal wishes to implement convention under high ambiguity, the principal’s problem is

max
wS ,wF

pk(S − wS) + (1− pk)(F − wF ) s.t. (60)

(ICi,h) pkwS + (1− pk)wF − ck + I ≥ min
p̃i∈Pi

{p̃iwS + (1− p̃i)wF − ci}, (61)

(ICk,l) pkwS + (1− pk)wF − ck + I ≥ qkwS + (1− qk)wF + I, (62)

(ICi,l) pkwS + (1− pk)wF − ck + I ≥ min
q̃i

{q̃iwS + (1− q̃i)wF }. (63)

Note that the agent’s intrinsic incentive I is associated with convention, as desired by the
principal.

(ICk,l) can be expressed as (pk− qk)(wS −wF ) ≥ ck, which requires wS > wF . Then from
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Lemma 1, p′i = pHi and q′i = qLi , and therefore, the IC constraints become

(ICi,h) wS − wF ≥ ck − ci − I

pk − pLi
, (64)

(ICk,l) wS − wF ≥ ck
pk − qk

, (65)

(ICi,l) wS − wF ≥ ck − I

pk − qLi
. (66)

With qk > qLi under high ambiguity, ICi,l is redundant.

Next, the optimal contract must contain wF = 0: suppose that the optimal contract
{wS , wF } contains wF > 0. Then consider an alternative contract {w′

S , w
′
F } such that

w′
S = wS −wF and w′

F = 0. This contract is cheaper to the principal and also satisfies all
IC constraints; this is a contradiction.

Therefore, the optimal contract is wF = 0 and wS = max
(
ck−ci−I
pk−pLi

, ck
pk−qk

)
.

Given the wage schemes from each choice of action, the principal’s payoffs from each choice
are

High-effort Innovation: pi(S − whigh
i,h ),

Low-effort Innovation: qiS ,

High-effort Convention: pk(S − whigh
k,h ).

• Step 2:

Now, we compare the payoffs from each choice to derive the conditions under which the
principal implements innovation over convention, and vice versa.

Comparing the payoffs from low-effort innovation and convention, the principal imple-
ments low-effort innovation over convention if qiS > pk(S −whigh

k,h ). Since low-effort inno-
vation’s success probability is lower than that of convention, we can rewrite this condition
as S < pk

pk−qi
whigh

k,h .

Alternatively, comparing the payoffs from high-effort innovation and convention, the prin-
cipal will choose to implement high-effort innovation over convention if the payoff from
high-effort innovation exceeds that of convention: pi(S − ci

pLi −qLi
) > pk(S − whigh

k,h ), which

can be expressed as S > pi
pi−pk

ci
pLi −qLi

− pk
pi−pk

whigh
k,h .

However, from the proof of Proposition 3, we obtained that high-effort innovation can
be implemented with a contract wF = 0 and wS = ci

pLi −qLi
if only if I is sufficiently high

(I >
pk−qLi
pLi −qLi

ci − ck and I >
qk−qLi
pLi −qLi

ci).

Thus, innovation is implemented over convention if either

Condition 1) S is sufficiently low (S < pk
pk−qi

whigh
k,h ) or

Condition 2) both S and I are sufficiently high ( S > pi
pi−pk

ci
pLi −qLi

− pk
pi−pk

whigh
k,h and

I >
pk−qLi
pLi −qLi

ci − ck and I >
qk−qLi
pLi −qLi

ci).

If innovation is indeed optimal, then the principal has a choice between high-effort and
low effort innovation.

Condition (a): If I is not sufficiently high (I <
pk−qLi
pLi −qLi

ci − ck or I <
qk−qLi
pLi −qLi

ci), the only

way to implement innovation is with low-powered incentives.
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Condition (b): If I is sufficiently high, the principal compares the expected payoff from the
two choices: Comparing the two payoffs, the principal implements high-effort innovation
if S > pi

pi−qi

ci
pLi −qLi

, and low-effort innovation, otherwise.

• Step 3:

We now examine optimal contracts under moderate relative ambiguity.

From the proof of Proposition 3, we have that the wage scheme that implements high-
effort innovation under moderate ambiguity is such that wF = 0 and wS = wmod

i,h =

max( ci−I
pLi −qk

, ci
pLi −qLi

), and wF = wS = 0 for low-effort innovation.

We now derive the wage scheme that implements high-effort convention, wmod
k,h . When the

principal wishes to implement convention, the principal’s problem is

max
wS ,wF

pk(S − wS) + (1− pk)(F − wF ) s.t.

(ICi,h) pkwS + (1− pk)wF − ck + I ≥ min
p̃i∈Pi

{p̃iwS + (1− p̃i)wF − ci}, (67)

(ICk,l) pkwS + (1− pk)wF − ck + I ≥ qkwS + (1− qk)wF + I, (68)

(ICi,l) pkwS + (1− pk)wF − ck + I ≥ min
q̃i

{q̃iwS + (1− q̃i)wF }. (69)

(ICk,l) can be expressed as (pk− qk)(wS −wF ) ≥ ck, which requires wS > wF . Then from
Lemma 1, p′i = pHi and q′i = qLi , and therefore, the IC constraints become

(ICi,h) wS − wF ≥ ck − ci − I

pk − pLi
, (70)

(ICk,l) wS − wF ≥ ck
pk − qk

, (71)

(ICi,l) wS − wF ≥ ck − I

pk − qLi
. (72)

Next, the optimal contract must contain wF = 0 following similar steps as before.

Therefore, the wage scheme that implements high-effort convention is wF = 0 and wS =

max
(
ck−ci−I
pk−pLi

, ck
pk−qk

, ck−I
pk−qLi

)
.

Given these wage schemes that implements each action, the principal’s payoff under mod-
erate ambiguity are as follows:

High-effort Innovation: pi(S − wmod
i,h ),

Low-effort Innovation: qiS ,
High-effort Convention: pk(S − wmod

k,h ).

• Step 4:

We now compare the payoffs from each choice. Comparing the payoffs from the three
possible actions, the principal prefers to implement low-effort innovation over convention
if and only if S < pk

pk−qi
wmod

k,h .

Alternatively, the principal can also prefer to implement high-effort innovation over con-
vention if the payoff from high-effort innovation exceeds that of convention, that is, pi(S−
wmod

i,h ) > pk(S − wmod
k,h ). Rewriting this condition, we obtain S > pi

pi−pk
wmod

i,h − pk
pi−pk

wk,h.

42



However, from the proof of 3, the intrinsic incentive, I, must also be sufficiently high to

implement high-effort innovation. (I >
pk−qLi
pLi −qLi

ci−ck if wmod
i,h = ci

pLi −qLi
, and I > ci−

pLi −qk
pk−qk

ck

if wmod
i,h = ci−I

pLi −qk
).

Therefore, under moderate ambiguity, innovation is chosen over convention when S is
sufficiently low, or both S and I are sufficiently high.

When the principal implements innovation, the principal has a choice between high-effort
and low-effort innovation.

Condition (a): First, low-powered incentive is the only contract for implementing inno-
vation if high-effort innovation cannot be implemented, which happens when the intrin-

sic incentive is not sufficiently high, that is, (I <
pk−qLi
pLi −qLi

ci − ck if wmod
i,h = ci

pLi −qLi
, and

I < ci −
pLi −qk
pk−qk

ck if wmod
i,h = ci−I

pLi −qk
).

Condition (b): If the intrinsic incentive is sufficiently high, then the principal implements
high-effort innovation if pi(S−wmod

i,h ) > qiS, and low-effort innovation, otherwise. Rewrit-

ing the last expression, we obtain S > pi
pi−qi

wmod
i,h . Otherwise, low-powered incentive is

optimal.
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Internet Appendix

Internet Appendix A: qi < pk with Low Relative Ambiguity

Here, we derive the optimal contracts in the case of low relative ambiguity and in which As-
sumption 1 (qi > pk) does not hold. Similar to Proposition 1 from the baseline model, under low
relative ambiguity, the only case in which the low-powered incentives are utilized in motivating
innovation is when the potential wage cost exceeds the expected payoffs from the project, i.e.,
when the project payoff S is sufficiently low. Otherwise, the principal always utilizes high-
powered incentives in motivating innovation.
Proposition 5. Suppose that Assumption 1 does not hold. Under low relative ambiguity, the
principal implements innovation over convention if

(i) I is sufficiently low, or

(ii) I is not sufficiently low, but the project payoff, S, is either sufficiently high or sufficiently
low.

Low-powered incentive scheme (wS = wF = 0) is utilized to motivate innovation if the project
payoff is sufficiently low (S < pi

pi−qi
wlow

i,h ). Otherwise, high-powered incentive scheme is utilized
to motivate innovation:

wF = 0, wS = max(
ci − ck − I

pLi − pk
,
ci − I

pLi − qk
,

ci

pLi − qLi
) ≡ wlow

i,h . (A.1)

On the other hand, the wage scheme that implements convention is such that

wF = 0, wS = max(
ck

pk − qk
,
ck − I

pk − qLi
) ≡ wlow

k,h . (A.2)

(A.3)

PROOF OF PRPOSITION (5):

Proof. In step 1), we derive the principal’s expected payoffs from each of the three possible
choices. In step 2), we compare the payoffs from each action to derive the conditions under
which the principal implements each action.

• Step 1:

The wage schemes that implements high-effort and low-effort innovation under low relative
ambiguity are derived in the Proof of Proposition 1. We now derive the wage scheme that
implements convention:

When the principal wishes to implement convention, the principal’s problem is

max
wS ,wF

pk(S − wS) + (1− pk)(F − wF ) s.t. (A.4)

(ICi,h) pkwS + (1− pk)wF − ck + I ≥ min
p̃i∈Pi

{p̃iwS + (1− p̃i)wF − ci}, (A.5)

(ICk,l) pkwS + (1− pk)wF − ck + I ≥ qkwS + (1− qk)wF + I, (A.6)

(ICi,l) pkwS + (1− pk)wF − ck + I ≥ min
q̃i

{q̃iwS + (1− q̃i)wF }. (A.7)
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(ICk,l) can be expressed as (pk− qk)(wS −wF ) ≥ ck, which requires wS > wF . Then from
Lemma 1, p′i = pHi and q′i = qLi , and therefore, the IC constraints become

(ICi,h)
ci + I − ck
pLi − pk

≥ wS − wF , (A.8)

(ICk,l) wS − wF ≥ ck
pk − qk

, (A.9)

(ICi,l) wS − wF ≥ ck − I

pk − qLi
. (A.10)

Next, the optimal contract must contain wF = 0: suppose that the optimal contract
{wS , wF } contains wF > 0. Then consider an alternative contract such that w′

S = wS−wF

and w′
F = 0. This contract is cheaper to the principal and also satisfies all IC constraints;

this is a contradiction.

Then, the solution to this problem is such that wF = 0 and wS = max
(

ck
pk−qk

, ck−I
pk−qLi

)
≡

wlow
k,h , as long as this contract does not violate ICi,h, that is, w

low
k,h < ci+I−ck

pLi −pk
. Otherwise,

high-effort convention is infeasible. If wlow
k,h = ck

pk−qk
, the last inequality can be rearranged

as I > ck
pLi −qk
pk−qk

− ci. If w
low
k,h = I+ck

pk−qLi
, then the inequality becomes I > ck

pk−qLi
pLi −qLi

− ci.

• Step 2:

We now compare the payoffs from each action to derive the conditions under which the
principal implements innovation or convention, and then conditions under which the prin-
cipal implements high-effort innovation over low-effort innovation in implementing inno-
vation.

Condition (i): Previously, we have that convention cannot be implemented if I < ck
pLi −qk
pk−qk

−

ci in case of wlow
k,h = ck

pk−qk
and I < ck

pk−qLi
pLi −qLi

− ci in case of wlow
k,h = I+ck

pk−qLi
. Thus, with

sufficiently low I, the principal always implements innovation over convention.

Condition (ii): If I is not sufficiently low, the, convention may be implemented, and the
principal compares the payoffs from three possible actions.

Comparing the expected payoffs from low-effort innovation and high-effort convention,
the principal will implement innovation over convention if qiS > pk(S − wlow

k,h ), or S <
pk

pk−qi
wlow

k,h .

Likewise, comparing the expected payoffs from high-effort innovation and high-effort
convention, the principal will implement innovation over convention if pi(S − wlow

i,h ) >

pk(S − wlow
k,h ), or S > pi

pi−pk
wlow

i,h − pk
pi−pk

wlow
k,h .

(Choice between high-powered incentive vs. low-powered incentive)

When the principal implements innovation, the choice between high-powered and low-
powered incentive is determined by whether the principal implements high-effort or low-
effort innovation.

Comparing the two payoffs, the principal implements high-effort innovation if S is suf-
ficiently high such that S > pi

pi−qi
wlow

i,h ; The principal implements low-effort innovation,
otherwise.
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Internet Appendix B: When the agent is both risk-averse and ambiguity-
averse

We have assumed so far that the agent is averse to either risk or ambiguity, but have not
considered the case of both risk and ambiguity aversion. We show here that the results are
qualitatively similar to the case with only ambiguity aversion if the agent is averse to both types
of uncertainty. Introducing risk aversion with a von Neumann-Morgenstern utility function
uvNM (.) and additive and separable effort cost, the risk- and ambiguity-averse agent’s expected
utility of an agent working high-effort innovation from Equation 1 becomes

E[Uagent(i, h)] = min
pi

{
piu

vNM (wS) + (1− pi)u
vNM (wF )− ci + I

}
(B.11)

= p′iu
vNM (wS) + (1− p′i)u

vNM (wF )− ci + I. (B.12)

Consider the incentive compatibility constraints of the principal’s problem in implementing
high-effort innovation under high relative ambiguity:

ICk,h : min
p̃i

{p̃iuvNM (wS) + (1− p̃i)u
vNM (wF )− ci + I} ≥ pku

vNM (wS) + (1− pk)u
vNM (wF )− ck

ICk,l : min
p̃i

{p̃iuvNM (wS) + (1− p̃i)u
vNM (wF )− ci + I} ≥ qku

vNM (wS) + (1− qk)u
vNM (wF )

ICi,l : min
p̃i

{p̃iuvNM (wS) + (1− p̃i)u
vNM (wF )− ci + I} ≥ min

q̃i
{q̃iuvNM (wS) + (1− q̃i)u

vNM (wF ) + I}.

Then once again if the principal rewards more for success, wS−wF > 0, and hence, uvNM (wS)−
uvNM (wF ) > 0, the agent will behave as if he believes in the lowest possible prior pLi . In this
case, given pLi < qk with high relative ambiguity, ICk,l becomes I − ci ≥ (qk − pLi )(u

vNM (wS)−
uvNM (wF )). Thus, when intrinsic incentive is not sufficiently high (for example, I − ci < 0),
then it is infeasible to incentive the agent to work on high-effort innovation over low-effort
convention. Likewise, if the principal rewards more for failure, uvNM (wS)−uvNM (wF ) < 0, the
agent will take the most pessimistic prior and behave as if he believes in the highest possible
probability pHi . The ICk,l constraint then becomes (pHi − qk)(u

vNM (wS) − uvNM (wF )) ≥ ci,
which cannot be satisfied with uvNM (wS) − uvNM (wF ) < 0 and I − ci < 0. Therefore, when
intrinsic incentive is low, the only contract that implements innovation is through low-powered
incentives.

Internet Appendix C: Example of Smooth Ambiguity Aversion with Constant
Ambiguity Ambiguity Aversion

Let the agent’s utility follow a constant absolute ambiguity aversion with ϕ(u) = − exp(−ηu).
Then the agent’s utility is defined by

UKMM
a (i, h) =

∫
P∗
i

− exp[−η((pi(wS − wF ) + wF − ci + I)]dµ. (C.13)

Then, under the equivalent utility UKMM
a (i, h)′ = − 1

η ln(−UKMM
a (i, h)) and expressing ambiguity

in terms of ϵ, pi = pi + ϵ, we have

UKMM
a (i, h)′ = pi(wS − wF ) + wF − ci + I − 1

η
ln

(∫ ϵ

ϵ
− exp[−ηϵ(wS − wF )]dµ

∗
)
, (C.14)

where ϵ ∈ [ϵ, ϵ], and µ∗ is the distribution over [ϵ, ϵ]. The first three terms in Equation C.14
correspond to the agent’s utility under ambiguity neutrality. and the fourth term can be in-
terpreted as the discount from agent’s ambiguity aversion. When η goes to zero, the agent
is ambiguity neutral, and the ambiguity discount goes to zero. Furthermore, given any wage
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contract wS −wF ̸= 0, the ambiguity discount is positive and increasing in η as long as ϵ is not
a singleton (i.e., ambiguity exists).
The incentive compatibility constraints are

ICk,h : (pi − pk)(wS − wF ) ≥ ci − ck − I +
1

η
ln

(∫ ϵ

ϵ
− exp[−ηϵ(wS − wF )]dµ

∗
)
, (C.15)

ICk,l : (pi − qk)(wS − wF ) ≥ ci − I +
1

η
ln

(∫ ϵ

ϵ
− exp[−ηϵ(wS − wF )]dµ

∗
)
, (C.16)

ICi,l : (pi − qi)(wS − wF ) ≥ ci, (C.17)

where the right-hand-side corresponds to the additional compensation necessary to induce the
agent to work on high-effort innovation over high-effort convention (ICk,h), low-effort convention
(ICk,i), and low-effort innovation (ICi,l), respectively. Looking at ICk,i, the right-hand-side
terms ci and I are the effort cost and the intrinsic motivation of the agent associated with
innovation, and the third term corresponds to the “ambiguity premium.” Given ICi,l, the
optimal contract for high-effort innovation must be high-powered to compensate the agent for
additional effort. However, the ambiguity premium also depends on the strength of the incentive,
wS − wF > 0. With any non-degenerate prior µ∗ on ϵ, the ambiguity premium is increasing
in the level of ambiguity-aversion, η; with sufficiently high levels of ambiguity, the ambiguity
premium will be too large to satisfy this IC constraint. This result mirrors Proposition 2 derived
under MPU agent under high relative ambiguity. Hence, with sufficiently large ambiguity, a
low-powered wage scheme is the only feasible contract that implements innovation.
However, one mediating that negatives the effect of ambiguity premium is the agent’s intrinsic
incentive, I. With sufficiently high intrinsic incentive, I, the principal can implement high-
powered incentives to motivate high-effort innovation. Thus, high-powered incentives are uti-
lized to motivate innovation for intrinsically motivated agents, and low-powered incentives are
utilitized for agents with weak intrinsic incentives.
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Internet Appendix D: CEO Compensation by Patenting Activity

The table low examines the average compensation level of CEOs in firms with positive patenting
activity vs. those in firms with zero patenting activity. The CEO data is from Execucomp, and
the patents data is from Kogan, Papanikolaou, Seru, and Stoffman (KPSS) (2017). We keep
only the observations for CEOs, and use tdc1 from Execucomp as a measure of CEO’s total
compensation. The sample is from 1992, the beginning of Execucomp data, and 2010, the end of
KPSS data. We classify observations as Patenting if the number of patent grants is positive for
a given year, and as Non-Patenting if the number is zero or missing from the patent data. We
then keep only the observations with nonmissing observations of the number of patent grants,
and classify firms as High Patenting if the number of patents is above the median for a given
year, and as Low Patenting if the number of patents is below the median for a given year. We
report the test of the difference in means between the two corresponding groups. *** refers to
the statistical significance at the 1% level using robust standard errors. We also repeat the test
using year-demeaned data, with 1992 as the baseline year for CEO compensation.

Table D.1: CEO Compensation by Patenting Activity

Mean(Total Compensation)
Raw Sample Year-demeaned*

Patenting 5,566.53 3,181.08
Non-Patenting 4,076.75 1,656.76

Diff 1,489.78*** 1,524.32***
% Diff 36.5% 92.0%

High Patenting 6,952.79 3,981.39
Low Patenting 4,281.98 1,293.54

Diff 2,670.81*** 2,687.85***
% Diff 62.4% 207.8%

* The sample is year-demeaned with 1992 as the
baseline year for comparing compensation levels.

48


