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Abstract

I explain why current success can undermine an organization’s ability to innovate. I consider
a standard two-arm bandit experimentation problem with two modifications. First, a principal
allocates resources. Second, the risky arm must be installed to deliver profits, which requires
upfront effort from an agent. With incomplete contracts, a dual moral hazard problem emerges.
Its severity increases with the payoffs of the safe arm, so the organization can end up worse off
having a more profitable status quo. The model predicts which innovations are more difficult to

adopt and supports the idea that independent business units can help incumbents innovate.
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1 Introduction

FEmpirical studies have shown that new ventures and smaller firms introduce a large share of innova-

tions.t

Furthermore, numerous case studies suggest that successful incumbents usually struggle to
innovate first and are sometimes driven to extinction by technological change.? The most prominent
explanation for these two stylized facts is that of Arrow (1962): by successfully innovating, incum-
bents cannibalize their own profits. Hence, new firms have more to gain from innovating, as upon
succeeding, they would replace an incumbent, not themselves.

However, increasing evidence indicates that Arrow’s argument cannot account for the full picture;
organizational factors also appear to play an important role. First, numerous case studies suggest that
an organization’s success in exploiting its current business can undermine its ability to explore new
opportunities. The result is thus a tradeoff—a dilemma—between the organization’s current profits
and its long-term prospects.> The latter cannot be rationalized using pure profit-cannibalization
arguments and has led some management scholars to argue in favor of setting independent business
units to aid established firms in developing innovations (see, e.g., Christensen, 1997; Gans, 2016).

Second, systematic empirical evidence shows that successful firms struggle in particular with
innovations that require new organizational knowledge (e.g., new processes, routines, or a different
code/technical language). Henderson (1993), for instance, studies the photolithographic alignment
equipment industry to empirically disentangle pure industrial organization theories of innovation
failure (where incumbents optimally decide not to innovate) from theories stressing organizational
factors. She shows that established firms were less effective than new firms at investing in necessary
innovations, but only when the innovation required new organizational capabilities.

In this paper, I explain why current success can undermine an organization’s ability to innovate,
leading to a dilemma between an organization’s current profits and its long-term prospects. My
theory provides testable implications about which innovations will be more difficult for successful
firms to adopt and is consistent with Henderson’s (1993) findings that successful incumbents will
struggle with innovations that require new organizational knowledge. Finally, my model supports
the idea that setting up an independent business unit can help successful firms be more effective at

innovating.

The Baseline Model.— 1 consider a standard experimentation problem in continuous-time where an
organization must allocate resources between a safe arm S and a risky arm R. The safe arm gives a
known flow payment while the risky arm might yield payoffs after exponentially distributed random
times. To this setting, however, I incorporate two modifications. First, a (female) principal allocates
the organization’s resources. Second, the risky arm must be “installed” to have a chance of delivering
profits. The latter requires costly non-contractible effort from a (male) agent that must be exerted

upfront.

!See Scherer (1965), Gellman Research Associates (1976, 1982), Futures Group (1984), Pavitt, Robson and Townsend
(1987), Acs and Audretsch (1988), and Igami (2017).

2See Christensen (1993) Henderson (1993), Klepper and Sleeper (2005), Garicano and Rayo (2016), Gans (2016).

3This idea has been equivalently dubbed the “innovator’s dilemma” (Christensen, 1997), the “disruption dilemma”
(Gans, 2016), or the “success syndrome” (O’Reilly and Tushman, 2016), among others.



The organization is completely described by these two players. Both are risk-neutral and discount
the future at the same constant rate. Only the principal obtains direct benefits from either arm.
The agent has no wealth and is protected by limited liability. Hence, to incentivize the agent to
install R, the principal offers the agent a contract tied to the arm’s success. I assume that players
observe each other’s actions and have access to the same information, so they hold common posteriors
throughout the game. I also assume that R’s first success provides irrefutable evidence that the arm
is profitable.4

The safe and the risky arm thus represent, respectively, the current business and an uncer-
tain innovation. The need for installation symbolizes that the innovation in question requires the
development of new organizational capabilities to succeed (e.g., new processes, routines, or a new or-
ganizational language). The principal—having the authority to allocate the organization’s resources
and design the agent’s compensation—embodies the organization’s upper management. The agent,
in turn, epitomizes the rest of the organization, i.e., middle managers and employees. Finally, the
installation cost represents the effort that must be exerted upfront to develop the new organizational

capabilities needed for the innovation’s success.

Dual Moral Hazard and the Innovator’s Dilemma.— To develop intuition, I begin by considering the
case where the allocation of resources is not contractible, and the principal offers the agent a single
time-independent bonus B > 0 payable upon R’s first success (“a breakthrough”).

The equilibrium, in this case, is always inefficient compared to the first-best outcome. First, there
is a region of parameters where the agent installs R, but the organization experiments less with this
arm than is efficient. Second, there is another region where installing R is efficient, but motivating
the agent to execute the task is impossible.

These two inefficiencies have the same underlying explanation: the emergence of a dual moral
hazard problem. Indeed, to motivate the agent to install R, the principal promises the agent a
payment contingent on R’s success. However, conditional on its installation, this payment induces
the principal to stop experimenting with R at a higher belief—she is no longer the full residual
claimant of R’s profits—making it less likely that the agent receives the bonus promised in the
contract. Anticipating the principal’s incentives, the agent then demands a higher compensation to
install the arm in the first place, which then feeds back into the problem as it induces the principal
to experiment with R even less, and so on.

The dilemma between the profits of the current business and the organization’s long-term prospects
is then explained because a more profitable status quo increases the principal’s temptation to return
to the safe arm. The latter increases the severity of the dual moral hazard problem and explains
why the principal’s equilibrium expected payoffs at time zero (which also turns out to be the organi-
zation’s welfare in equilibrium) are generically non-monotonic in S’s profits. Hence, from an ex-ante
perspective, the principal can end up worse off having a more profitable safe arm, even though the

latter increase the fallback payoff if the innovation turns out not to be profitable.

4That the agent’s installation decision is observable is not crucial but does simplify the analysis. The same goes for
the assumption that any positive news on R’s profits provides irrefutable evidence of its profitability. See Section 3.4
for details.



I then explore the role that uncertainty plays in creating this dual moral hazard problem. Interest-
ingly, I find that ex-ante uncertainty on R’s profitability is necessary but not sufficient; uncertainty
must resolve slowly over time for the incentive conflict to arise. More precisely, I show that the
dual moral hazard problem disappears—even with the very simple time-independent bonus I am
considering—if the organization can learn infinitely quickly whether R is profitable or not.

This last result is important because it shows that not all innovations will be equally difficult for
successful firms to adopt. In particular, current success will not lead to organizational rigidities if
it is possible to grasp the value of the innovation in question quickly. This would be the case, for
instance, of easily scalable innovations where preliminary experiments, prototypes, and minimum
viable products provide a good sense of the value of the overall opportunity. Conversely, it shows
the difficulty that successful firms will face when trying to develop innovations requiring extensive
time and testing.

Finally, T discuss that a similar dual moral hazard problem arises if the organization has too
many attractive opportunities in the future instead of an extremely profitable status quo. As I briefly
describe below, this case fits particularly well with the experience that some small laboratories have

had when working with big pharmaceutical companies to develop new drugs.

The Optimal Contract: The Allocation of Resources is Contractible.— I then move on to characterize
the optimal contract under different contractual assumptions. I first show that when the allocation
of resources is contractible,® the principal can achieve her first-best outcome. This result follows
because, with exponential bandits and conclusive news, the first-best resource allocation policy is a
stopping-time policy with a known and fixed stopping time T/

As aresult, the principal can implement the efficient outcome by committing to a lockup period of
duration T/ during which all of the organization’s resources are directed towards R regardless of the
outcome. Once the lockup period ends, the principal regains the flexibility to allocate resources as she
wishes. The agent can then be incentivized to install R with the help of a single time-independent
bonus B > 0 contingent R’s first success. Alternatively, the principal can create an independent
business unit to develop the innovation. That is, it transfers the agent the decision rights on the
allocation of resources for an overall budget of T/® units of the resource (while offering the same
time-independent bonus B contingent on a breakthrough).b

Of course, these results rely critically on the fact that the first-best experimentation policy is a
stopping-time policy with a known and fixed stopping time 7%, That is why, as a robustness check,
I also consider an extension where players receive additional information on R’s profitability once

the arm is installed. The latter implies that the efficient stopping time is now unknown at the time

SWhether the allocation of resources is contractible or not will depend on the interpretation given to the resource. If
the resource in question is monetary in nature, this is more likely to be contractible. The opposite would be the case if,
instead, the resource represents the principal’s priorities or attention. In reality, of course, one would expect a mixture
of both interpretations.

5This interpretation of the optimal contract appears to be very close to what Clayton Christensen had in mind when he
advocated in favor of independent business units: “How separate does the effort need to be? The primary requirement
is that the project cannot be forced to compete with projects in the mainstream organization for resources... Whether
the independent organization is physically separate is less important than is its independence from the normal resource
allocation process” (Christensen, 1997, p.139).



of contracting.

I then characterize, drawing heavily on the tools developed by Amador, Werning and Angeletos
(2006) and Guo (2016), under what conditions the first-best is implementable, and show that, when
that is not the case, the principal faces a tradeoff between commitment and flexibility.” Neverthe-
less, the optimal contract can still be interpreted as setting an independent business unit with an

appropriately calibrated budget.

The Optimal Contract: The Allocation of Resources is Not Contractible.— Finally, I characterize
the optimal contract when the allocation of resources is not contractible. My first result states that
the principal achieves, again, her first-best outcome in this case. Intuitively, the principal indirectly
contracts upon the allocation of resources by committing to pay the agent damages if the safe arm
delivers profits before the efficient stopping time 7%,

However, this result relies critically on the fact that S’s profits are deterministic (instead of
known but stochastic as in, e.g., Bolton and Harris, 1999) and that players can perfectly contract
on S’s profits. This last assumption seems particularly optimistic. For instance, it might be difficult
to contractually specify what constitutes the “current business” exactly. Or, even if that is not the
case, there could be ways to allocate resources to S to manipulate or backload its profits (think of
R&D investments to achieve incremental innovations in .5).

For all these reasons, I also characterize the optimal contract when contracting on S’s profits is
unfeasible. In this case, it is without loss of generality to restrict attention to a single time-contingent
bonus B; > 0 paid upon R’s first success.® 1 show that the principal’s optimal time-contingent
contract now implements the first outcome only when S’s profits are low enough; otherwise, the dual
moral hazard problem described previously claws its way back into the scene and the innovator’s

dilemma, unraveling included, emerges again.

Is there evidence of this dual moral hazard problem?— In my theory, an organization’s success in
exploiting its current business undermines its ability to explore new opportunities because it impairs
upper management’s ability to commit to new and unproven courses of action. Although there is
no systematic empirical evidence on whether this particular mechanism is important, there is some
anecdotal one.

Consider, for instance, the case of German firm BioNTech, creators of the BioNTech-Pfizer
COVID-19 Vaccine (along with pharmaceutical giant Pfizer). In a recent academic symposium,
Nobel Prize recipient Oliver Hart asked BioNTech founder, Dr. Ugur Sahin, why he decided to cre-

ate BioNTech as a separate enterprise instead of directly working for Pfizer at an outset. His answer

"On the one hand, the principal can mitigate her time inconsistency problem and reduce the agent’s compensation
by committing to experiment with R for a minimum pre-specified amount of time. On the other hand, the latter limits
her ability to react to the new information that arrives once R is installed.

8When neither the allocation of resources nor S’s profits are contractible, the agent’s compensation can be made
contingent on time, the number of successes with R, and the payments the agent has received in the past. That
focusing on single time-contingent bonus B; > 0 paid upon a breakthrough is without loss follows because players are
risk-neutral and R’s first success provides definitive evidence that the arm is profitable.



was revealing:

[Before BioNTech| we tried to do collaborations with the pharmaceutical industry... and
the collaborations were always fine in the first two, three years. But after a few years
the management... decided to stop the collaboration because the company was going to

a different direction.

And it was very frustrating to see that you invest time into a collaboration, the collabo-
ration is running fine and it is still stopped. We understood that if we wanted to develop

medicines we had to start our own company.

Academic Symposium on Relational Contracts (2021).°

Ughur Sahin’s experience resonates well with the theory I develop. This is especially so, con-
sidering how drug discovery and development is a complex and time-intensive process involving not

only a high degree of uncertainty but also extensive testing.©

1.1 Related Literature

First, my paper contributes to the literature stressing the importance of upper management commit-
ment to employee motivation (Prendergast, 1993; Rotemberg and Saloner, 1993, 1994; Almazan and
Suarez, 2003; Van den Steen, 2005; Bolton, Brunnermeier and Veldkamp, 2012). This literature has
used the emergence of a dual moral hazard problem—similar in broad strokes to the one developed
here—to explain a variety of phenomena, from the role of promotions in inducing specific human
capital acquisition to the benefits of CEO entrenchment for optimal corporate governance.

Among all these papers, the ones by Rotemberg and Saloner (1993, 1994; from hereafter RS93/94)
are the closest to mine. RS93/94 study a static principal-agent model with incomplete contracts in
which an agent can generate projects of uncertain value but the principal retains control over whether
to implement the projects after their value is revealed.

The authors then show that if the project’s value is drawn from a distribution with continuous
support, then a dual moral hazard problem emerges. However, if the agent’s effort leads to only
one good outcome (he obtains a “good” idea with some probability and a “bad,” worthless idea
otherwise), then the incentive friction disappears. They then argue that organizations will therefore
benefit from following “narrow business strategies,” since pursuing a limited number of activities is
more likely to generate “home-run” innovations in which the agent’s effort generates either a very

profitable or a worthless idea.

%Video of the exchange available at: https://www.youtube.com/watch?v=2Njd5TiW8Do&ab_channel=
SaidBusinessSchool’2CUniversityof0xford|— min 37.15 (last accessed: September 2nd, 2022).

OFor instance, according to the FDA, of those drugs that make it to clinical trials, 94% fail, while according to
Brown et al. (forthcoming), of those that succeed, the average clinical development time is 9.1 years. The entire
process costs drugmakers $2.6 billion in 2013 dollars (DiMasi, Grabowski and Hansen, 2016). For the FDA data, see
https://www.fda.gov/patients/drug-development-process/step-3-clinical-research (last accessed: September
12, 2022).



My paper also contributes to the literature studying how organizational factors could handicap
innovation efforts by established firms.!! For instance, Christensen (1993, 1997) asserts that estab-
lished firms fail to react to new-entrant innovations because they come to the incorrect conclusion
that their current customers would not want the new offering. In contrast, Henderson and Clark
(1990) posit that established firms will find it hard to recognize “architectural innovations” (i.e.,
changes in how the different components of a product are linked together) since the current product
architecture is embedded in the organization’s structure and information-processing procedures.

Finally, my paper is related to the literature on experimentation in principal-agent settings (e.g.,
Bergemann and Hege, 1998, 2005; Manso, 2011; Horner and Samuelson, 2013; Guo, 2016; Halac,
Kartik and Liu, 2017; Moroni, 2020). This literature, however, is usually concerned with how to
design contracts to keep the agent motivated through time. My paper, in contrast, deals with how
to design contracts so as to overcome the principal’s time inconsistency problem that arises due to
limited commitment.

The remainder of the paper is structured as follows. Section 2 formally lays out the baseline model
and the first-best outcome. Section 3 characterizes the equilibrium under simple contracts, showing
the emergence of the dual moral hazard problem and the dilemma between the organization’s current
profits and its long-term prospects. Section 4 characterizes the optimal contract under different

contractual assumptions. Finally, Section 5 concludes.

2 The Baseline Model

The Environment.— Time t € [0, 00) is continuous,'? and the discount rate is r > 0. There are two
players, a (female) principal, and a (male) agent. They are collectively known as “the organization.”

The principal is endowed with one unit of a perfectly divisible resource per unit of time. She
continually splits the resource between a safe arm S and a risky arm R. I begin by assuming that
the allocation of resources is non-contractible and consider the contractible case in Section 4.

Only the principal obtains direct benefits from either arm; the agent benefits solely from the
compensation delivered by the principal. The safe arm is ready to deliver profits, generating a
known flow payoff that depends on the resources allocated to it. The risky arm, in contrast, must
first be installed to have a chance of producing profits. Once installed, it generates positive lump-sum
payoffs stochastically over time with an arrival rate that depends on an unobservable and persistent
binary state § € {0,1} and the amount of the resource allocated to it.

Formally, if R is installed and the principal allocates a fraction k; of the resource to it over the
interval [t, ¢+ dt) (and, consequently, she allocates 1 —k; to .S), she then obtains a lump-sum amount

IT > 0 from R with instantaneous probability A\0k; plus an instant flow payment equal to (1 — k¢)s

" Awaya and Krishna (forthcoming) provide an alternative explanation based on neither cannibalization of profits
nor organizational factors. Their theory, instead, relies on established firms having better information about the
innovation’s prospects, which dulls their incentives to learn from rivals.

121t is possible to obtain similar results in a three-period model. However, characterizing the equilibrium for all possible
parameters requires going over numerous cases, so the analysis loses transparency. The continuous-time formulation
helps avoid this issue.



from S. In contrast, if R is not installed and the principal makes the same allocation of resources,
she obtains zero from R and (1 — k;)s from S.'3

Only the agent can install the risky arm.'* The latter requires him to incur a one-time non-
contractible installation cost f > 0. This cost symbolizes the effort needed to develop the necessary
organizational capital for the innovation to have a chance of success. For instance, it could represent
the effort exerted to develop new processes and routines (e.g., Nelson and Winter, 1982; Chassang,
2010) or to establish a new code/technical language to communicate within the organization (e.g.,
Arrow, 1974; Henderson and Clark, 1990; Crémer, Garicano and Prat, 2007).15

Information and Beliefs.— The parameters A, s, II, and f are all publicly known, but the persistent
binary state # € {0,1} is unobservable, as mentioned previously. The prior probability that 6 = 1
is ¢ € (0,1). T assume that all players observe each other’s actions, so they hold common posterior
beliefs throughout the game. This implies that the agent’s installation decision is observable (but
not contractible, as stated above) and that the first lump-sum arrival (or “breakthrough”) reveals
to both players that § = 1.16:17

Denote then by ¢; the common belief at ¢ that 6 = 1. If at time ¢ the risky arm has not yet been
installed, then no new information arrives, so no updating takes place: ¢; = ¢q. In contrast, if R was
installed at some ¢’ < t, then by Bayes’ rule, ¢; evolves smoothly as long as there is no breakthrough,

drifting downwards at a rate proportional to k¢, i.e., “no news is bad news”:
dg = —Mkyqr(1 — q¢)dt (1)

Of course, once there is a breakthrough, the posterior jumps up from ¢, to 1 and stays there forever.

Regarding the model’s parameters, I make the following assumptions: (i) f < AgIl/r, and (ii)
0 < s < AII. Condition (i) implies that it is first-best optimal for an organization without a safe arm
to install R, while condition (ii) states that conditional on installation, the risky arm is preferred to

the safe arm by the organization as a whole, but only when 6 = 1.

Timing.— Time t = 0 is divided into two logically sequential dates denoted by t = 0~ and t = 0.
At time t = 07, the principal offers the agent an incentive scheme to induce him to install R (the
nature of the scheme is described below). At ¢t = 0%, and after observing the compensation offered by
the principal, the agent decides whether to install the risky arm (a9 = 1), incurring the cost f > 0,

or not (ap = 0). Finally, at every ¢ > 0, the principal decides how to allocate the unit of available

13To focus on the frictions that arise in trying to motivate the agent to install the risky arm, I omit the costs of
providing incentives to the agent to run the everyday business (i.e., the costs of incentivizing the agent to produce
output). Hence, the arms’ profits should be interpreted as the organization’s profits when the incentive costs of
producing output have been taken into account.

1This could be, for example, because middle managers and employees could have better organizational knowledge of
the firm’s processes. Alternatively, they could be the owners of some inalienable asset, such as skilled human capital.

15The results do not change if R’s installation also requires the principal to incur in a positive fixed cost (which could
symbolize, for instance, the cost of acquiring new physical capital).

YThat R’s installation is observable is not crucial but does simplify the analysis (see Section 3.4 for details).

"The baseline model only considers the case of “conclusive” news. As discussed in Section 3.4, results do not
significantly change if we also incorporate inconclusive news into the model.



resources among the two arms; i.e., she chooses k; € [0,1].1

The Incentive Scheme.— To develop intuition, I begin by considering a simple yet natural incentive
scheme: the principal offers the agent a time-independent bonus B > 0 payable upon a breakthrough
(i.e., R’s first success).!® These single-bonus contracts are common in practice, as extensively docu-
mented by Murphy (1999), Prendergast (1999), and Holmstrom (2016). In Section 4, I characterize

and discuss the optimal contract under different contractual assumptions.

Equilibrium Concept, Strategies, and Payoffs.— 1 focus on subgame perfect equilibria. A strategy
for the agent corresponds to an installation choice at ¢ = 07, ag(B) € {0,1}, as a function of the
bonus offered by the principal.

A strategy for the principal, in turn, consists of (i) a bonus offer at t = 07, B > 0, and (ii) a
resource allocation decision for every ¢t > 0: k¢(qt, ap, B) € [0,1]. This last mapping stipulates the

allocation of resources at time t > 0 as a function of the following:

1. The current belief that 8 =1,
2. Whether the agent installed R or not at t = 0%,
3. The bonus B that the principal promised to the agent.

Let Ny be the number of successes with R observed up to time ¢, including ¢, and define 7 as
the time at which the first success occurs, i.e., 7 = inf{t > 0: N; = 1}. Given players’ actions, the
principal’s and the agent’s expected payoffs at time 0, vg and ug, expressed in per-period units, are

given by:

vo =Eo [/ re” " [(aoke NI + (1 — ky)|dt —re™ "™ B
0

ug =Eq [re*”B] —ragf

2.1 The First-Best Benchmark

Before moving on to the main analysis, it is convenient to describe the first-best outcome. Lemma
1 characterizes the optimal resource allocation decision at any ¢t > 0. Proposition 1 then uses the

lemma to describe the optimal installation decision at ¢ = 0.

Lemma 1. Let g = M1, p=r/X, and define w(q, ao; s) as the organization’s value as a function of

(g1, a0) when S gives s per unit of allocated resource. The optimal resource allocation at any given

18Restricting the principal to offering an incentive scheme only at t = 0~ and the agent to disbursing f only at t = 0%
is without loss of generality in this setting. This is because no useful information arrives if R remains uninstalled.
Of course, this would no longer hold if the principal had access to additional information that did not depend on the
agent’s action. In such a model, the principal would also have to decide when to install R. As I discuss in Section 3.4,
the results do not significantly change in this alternative model.

9Gince players are risk-neutral, this is equivalent to the principal offering the agent a constant fraction a € [0,1] of

R’s proceeds (i.e., a “linear” or “equity” contract). Furthermore, given that single lump-sum arrival provides definitive
news that 6 = 1, these contracts are also equivalent to a compensation scheme that depends only on N;, the number
of successes with R observed up to time t¢.



t > 0 is given by:

k" (a1, a0 = 0;8) = 0 for all ¢; € [0,1]

1 if g >q/? fb Hs
_ where q’° =
0 otherwise ps + (14 p)(g —s)

k(g a0 = 158) = {

Consequently, if R is not installed, then w(q, a9 = 0;8) = s, while if R is installed, it is given by:

_ K
gat + (s — g4*) (11_ qq;b> (&Ejf%) if g > g’

s otherwise

w(gqe, a0 = 1;s) =

where Q(q) = (1 — q)/q denotes the odds ratio at the belief q.
Proof. See Appendix for all proofs. O

If R is not installed at time ¢ = 0, then the optimal policy is to allocate all of the resources to
S, as R never delivers any profits. In contrast, if R is installed, the optimal policy is characterized
by a cutoff belief ¢f* such that kf = 1 if ¢; > ¢/® and kf = 0 otherwise. Given that under this
policy beliefs evolve deterministically in time in the absence of a breakthrough (see equation (1)),
the optimal policy can be equivalently understood as a stopping-time policy with a fixed stopping
time equal to:

ki (Ny =0) =

1 ift <TG = (nQ¢’®) —1InQ(g)) /A
{ < (@) = (InQ(¢’") @)/ and kf(Ny) =1forall Ny > 1

0 otherwise

That is, if a breakthrough occurs before T 5(q), the organization allocates all resources to R forever;
otherwise, the organization allocates all resources to R until the stopping time and switches to S
from thereafter.

With this at hand, I can now characterize the efficient installation decision for the organization

as a whole:

Proposition 1. In the first-best, it is (strictly) optimal to install R whenever s < s1°, where s/ €
(0,9) is given by the (unique) solution of:

w(q, a0 = 1;3ﬂ’) —rf=s
Consequently, the first-best expected payoff at t = 0, wg b, 18:

fb {W(q,ao =Lis)—rf ifs<s
wo -

s otherwise

As expected, installing R is optimal when s is not too large. This is because the constraint on

resources makes S and R substitutes, so installing R effectively replaces S. Crucially, though, wgb is



always strictly increasing in s, as it increases the fallback payoff in case the risky arm turns out not
to be profitable. Hence, even though a more attractive status quo can explain why the organization
might decide not to adopt an innovation, it does not lead to a dilemma: There is no tradeoff between
a more profitable business today, i.e., a higher s, and the “long-term” prospects of the organization,

. b
i.e., wg .

3 The Equilibrium

In this section, I study the equilibrium of the game and show the emergence of a dilemma. In
particular, I show that v{, the principal’s equilibrium expected payoffs at time 0 (which also turns
out to be the organization’s welfare in equilibrium), is non-monotonic on s. This is because a more
profitable safe arm hinders the organization’s ability to install the risky arm.

Thus, from hereafter I assume that s is such that it is strictly optimal for the organization to
install R in the first-best outcome. Otherwise, it is never an equilibrium to install the risky arm and

the equilibrium of the game is trivial.

Assumption 1. s < s/, where s° € (0,9) is given by Proposition 1.

3.1 Characterization

To characterize the equilibrium, I follow the same structure as in the first-best. First, I obtain the
principal’s equilibrium resource allocation at any ¢ > 0. Then, I use this as an input to characterize

the players’ behavior at ¢t = 0.

Lemma 2. Define v(q,ao, B;s) and u(q, ag, B;s) as the principal’s and the agent’s value as a
function of (g, ap, B), respectively. The principal’s equilibrium resource allocation at any given t > 0

s given by:

k; (qt,a0 =0, B;s) =0 for all ¢; € [0,1]

L ifa>q where ¢ = HS
0 otherwise opus+(1+p)(g—s)—A\uB

k:(qhao - 17B73> = {

Consequently, if the agent does not install R, then v(q, a0 = 0, B;s) = s and u(q, a9 = 0, B;s) =0,

respectively. In contrast, if the agent installs R, then:

_ 1
QQt+(5_gq*)<1 Qt) (Q(qt)> —u(g,a0=1,B;5s) if ¢ >q"

v(qe, a0 = 1, B;s) = 1—q*) \Q(q")
s otherwise
' u Qq) ' ]
ABqt() 1—( ) if ¢t > q
u(qt, a0 =1, B;s) = L+ p Qq*)

0 otherwise



The principal’s equilibrium behavior at ¢ > 0 is very similar to the optimal resource allocation
in the first best. In particular, when R is installed, the principal also follows a cutoff strategy, i.e.,
kf =1if ¢ > ¢* and kf = 0 otherwise. The equilibrium cutoff ¢*, however, is strictly higher than the
efficient cutoff (at least when B > 0) and, furthermore, is strictly increasing in B. This is because
the principal does not internalize the totality of R’s profits due to the compensation promised to the

agent. Thus, the stopping-time associated with this strategy is now lower:

T3 B) = %m (%%;) <T'(q)

With these results in hand, I can now obtain the players’ equilibrium behavior at time ¢ = 0.
Consider first the agent’s installation decision at ¢ = 0" given a B > 0. If the agent does not
install R, then he obtains a continuation value of u(g, a9 = 0, B;s) = 0, and the principal obtains
v(q, a9 = 0, B; s) = s. In contrast, if the agent installs R, he obtains u(q, a9 = 1, B;s) — rf, and the
principal obtains v(q, ag = 1, B;s). Clearly, then:

% 1 if?“fgu((j,ag:l,B;S)
Clo(B;f,S) = {

0 otherwise

and so at t = 07, the principal solves:
m + ap(B; g,a0 = 1,B;s) — }
Bzz%c {s ap(Bs f, s) [v(g, ao ,B;s) — s

Proposition 2. The equilibrium bonus offered by the principal is:

B*:{Bu,s) fs<s

[0,00) otherwise

where B(f,s) = inf{B > 0 : u(q,a0 = 1,B;s) = rf} and s* € (0,s'%) is given by the (unique)
solution to:

rjggg{u(cj, ap=1,B;s") =rf

In equilibrium, the agent installs R whenever s < s*, and players’ equilibrium expected payoffs at

t =0 are:

* *
ug =0 and U

v(g,a0 =1, B(f,s);8) >s ifs<s
B s otherwise

The key to understanding Proposition 2 is that the agent’s continuation value of installing R,
u(q, a0 = 1, B), is non-monotonic in B (see Figure 1). This implies that offering the agent a higher
bonus does not necessarily translate into stronger incentives to install R. Intuitively, although a
higher B increases the amount the agent receives in the event of a breakthrough, it also decreases
the principal’s incentives to experiment with R, making it less likely that the bonus will actually be

paid.



Figure 1: The Equilibrium Contract when s < s*
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The fact that u(q,ap = 1, B;s) is non-monotonic in B, implies that when s is sufficiently high
(i.e., s > s*), then it is impossible to incentivize the agent to install R. The principal then has no
option but to play the safe arm so her equilibrium expected payoff is v5; = s. In contrast, when
s < s*, incentivizing the agent is feasible. The optimal compensation scheme then entails offering

the lowest value of B that leaves the agent indifferent between installing R or not.

3.2 Dual Moral Hazard and The Innovator’s Dilemma

Compared to the first-best outcome, the equilibrium is inefficient, i.e., wgb > v§+ug = v (see Figure

2).20 First, when s € (0,s*], the agent installs R, but the organization experiments less with this
arm than what is efficient; i.e., ¢* > ¢/*. This is an inefficiency on the “intensive” margin. Second,
when s € (s*, s! b), installing R is efficient, but motivating the agent to execute the task is impossible.
This is an inefficiency on the “extensive” margin.

These two different inefficiencies have the same underlying explanation: the emergence of a dual
moral hazard problem. The intuition is as follows. To motivate the agent to install R, the principal
promises the agent a bonus contingent on R’s success. However, conditional on R being installed,
this promise alters the attractiveness of allocating resources to the risky arm relative to the status
quo, as the principal is no longer the full residual claimant of R’s profits. The latter incentivizes
the principal to stop allocating resources to R at a higher belief, making it less likely that the agent
receives the bonus offered. The result is a disagreement ex-post (after R is installed) between the
principal and the agent over the appropriate allocation of resources.

The problem is then compounded by the fact that anticipating this disagreement, the agent

20Check https: //www.dropbox . com/s/kmé4f quqgwhdg6sx/2022_07_16_MATLAB.zip?d1=0 for the different MATLAB codes
used to create the figures presented throughout the paper.



Figure 2: The Equilibrium vs. The First-Best
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requires a higher bonus to install the arm in the first place. This then feeds back into the problem,
as it induces the principal to experiment with R even less, and so on. Because in equilibrium the agent
always breaks even, all the inefficiency ends up falling back on the principal through the higher bonus
needed to incentivize the agent. The principal is thus the victim of a time-inconsistency problem.
In a sense, the incentive conflict resembles the one that arises in the endogenous default model in
finance (e.g., Leland, 1994). Indeed, because the innovation requires the agent to front-load effort,
and given that effort is not contractible, the agent is effectively making a loan to the principal when
installing the risky arm: he is incurring f today in expectation of future benefits. However, once the
loan is made (i.e., the risky arm is installed) and given that the principal’s resource allocation policy
is not contractible either, these committed benefits induce the principal to “default” (return to the
status quo) sooner than is efficient when she grows pessimistic about the innovation’s prospects.

This default risk is then priced ex-ante, making it harder and more expensive to motivate the agent



to install R in the first place.

As Figure 2 also illustrates, in equilibrium the principal’s ex-ante payoff/the organization’s welfare
is generically non-monotonic in S’s profits. For s low enough, the incentive friction is of second-order
importance since the principal has little temptation to return to the status quo. Hence, vy is strictly
increasing in s as in the first-best. However, as s continues to increase, so does the principal’s
ex-post temptation to switch back to the safe arm. The latter compounds the dual moral hazard
problem, leading to a dilemma between the current business’ profits and the organization’s long-
term prospects: v eventually becomes decreasing in s. Finally, for s high enough, there is no
bonus capable of inducing the agent to install R since the incentive conflict unravels. This explains
the discontinuous downward jump of v§ at s = s*, and the fact that for s € (s*, s/, v becomes
increasing in s again, as the organization is “stuck” with S despite the presence a potentially superior
technology R.%!

The dual moral hazard problem characterized in Proposition 2 provides support to Ugur Sahin’s
experience regarding the difficulties of developing novel medicines and vaccines as part of established
pharmaceutical companies (see his exchange with Oliver Hart in the Introduction). Furthermore,
the proposition can also explain two phenomena often documented in the management literature.

The first is the existence of a dilemma between current success and the organization’s long-term
prospects, which are given by its ability to adopt and adapt to innovations (Christensen, 1997;
O’Reilly and Tushman, 2016). The second is the importance of organization rigidities (as opposed
to pure profit-cannibalization) in explaining the way organizations react to innovations, especially

those requiring new organizational knowledge (Henderson, 1993).

3.3 The Role of Uncertainty

I now explore the role of uncertainty in creating this dual moral hazard problem. In particular, I
show that ex-ante uncertainty on the profitability of R is necessary but not sufficient; uncertainty

must resolve slowly over time for the incentive conflict to arise.

Corollary 1.

(i) v8—>w5b as ¢ — 1.

(i1) For any q € (0,1), then v§ — wgb as A — 0o and IT — 0 with g = M1 constant.

The first part of Corollary 1 shows the necessity of ex-ante uncertainty, stating that the dual moral
hazard problem disappears as players become ex-ante certain that R is superior to S. Intuitively,
when the principal becomes ex-ante more optimistic about R’s prospects, there is a decrease in the
ex-ante risk of the principal ex-post switching to S inefficiently early.

Interestingly, this result could explain some anecdotal evidence suggesting that, even though they

usually struggle to innovate first, incumbent firms are relatively successful second-mover adopters,

2INaturally, the welfare loss in equilibrium compared to the first-best (as measured by wgb — vg) disappears when

either s — 0 or s — s/° (and is, of course, non-monotonic in s). When s — 0, there is no inefficiency because the
principal has no temptation to return to the status quo, as mentioned above. In contrast, when s — s/ the inefficiency
vanishes because there is no value in installing R. Thus, “being caught in the middle” (that is, with intermediate values
of s) is particularly problematic for the organization. This would be the case when R provides a significant, but not
extreme profit improvement over the status quo.



see, e.g., Markides and Geroski (2005) and Gans (2016, pp. 123-124). This is because once a new
entrant develops an innovation, the uncertainty surrounding the innovation decreases, ameliorating
the organizational rigidities deterring successful incumbents from adopting the innovation in the first
place.

The second part of the corollary shows, however, that ex-ante uncertainty is necessary but not
sufficient. In particular, it states that keeping fixed at g the expected per-period profits of R con-
ditional on € = 1, the incentive conflict also disappears as the arrival rate of R’s payments, A, goes
to infinity. That is, there is no dual moral hazard problem if the organization can learn infinitely
quickly whether the risky arm is profitable or not.

Intuitively, the principal’s incentives to experiment with R increase with the rate at which she
can learn its profitability. Hence, a higher A induces the principal to wait for more evidence of
the unprofitability of R before switching back to S. As a result, there is less scope for an ex-post
disagreement between the principal and the agent, since both players agree that it is optimal to
allocate resources to R only if the latter is profitable.??

This last result is important because it shows that not all innovations will be equally difficult for
successful firms to adopt. In particular, current success will not lead to organizational rigidities if
it is possible to grasp the value of the innovation in question quickly. This would be the case, for
instance, of easily scalable innovations where preliminary experiments, prototypes, and minimum
viable products provide a good sense of the value of the overall opportunity. Conversely, it reinforces
the difficulty of developing innovations that require extensive time and testing (as is the case of novel

medical treatments, for example) within successful firms.

3.4 Discussion

Before analyzing more complex contracts (and the role played by different contractual assumptions),

I briefly discuss some of the modeling assumptions adopted in the baseline setting.

Observability of Effort.— The assumption that the agent’s effort is observable (though not verifiable)
is not crucial but it does simplify the analysis. In particular, it is easy to see that the outcome de-
scribed in Proposition 2 (which is the unique equilibrium with observable effort) is also an equilibrium
of the game in which the agent’s installation is not observable to the principal.

However, with unobservable effort, there are additional Pareto-dominated equilibria (dominated,
in particular, by the equilibrium described in Proposition 2). The reason is that the agent’s instal-
lation decision and the principal’s resource allocation are complements, so there is scope for misco-
ordination when the agent’s effort is not observable.?3 Hence, the outcome of Proposition 2 can be
understood as the equilibrium of a game in which effort is not observable, and Pareto-dominated

equilibria are discarded.

Inconclusive Evidence.— The baseline model only considers the case of conclusive evidence. However,

221n the limit A — oo (keeping g = MI fixed), there is no disagreement since the principal only switches to S once she
is certain that 6 = 0 (i.e., ¢* — 0) and the agent receives no compensation when that is the case.

ZFor instance, there is an equilibrium in which the agent never installs R and the principal never allocates resources
to that arm, irrespective of the share a € [0, 1] offered by the principal at t =07



this assumption is not essential. For instance, in a previous version of this paper, I showed that results
do not change if players also observe the following “news” process that imperfectly reveals R’s type

when the latter is installed and the principal allocates resources to it:24

dX; = Oagkdt + ktl / 2UdZt, where {Z;}+>0 is a standard Brownian motion (2)

Timing.— As noted in Section 2, the organization’s problem in the present model is to decide whether
to install R, not when to install it. This is without loss since no useful information arrives when the
organization does not install the risky arm.

Consider instead an alternative model in which the principal also has access to information that
does not depend on R’s installation. This adds an option value problem into the analysis. For

instance, suppose that players also observe the diffusion process:?®

dY; = 0dt + odZ;, where {Z;}+>0 is a standard Brownian motion

Both in equilibrium and in the first-best, the organization will then install R whenever ¢; is above
an “installation” cutoff. This installation cutoff, moreover, is strictly higher in equilibrium than in
the first-best. The latter is explained because the principal can alleviate her time inconsistency
problem by decreasing the ex-ante uncertainty surrounding R’s profitability. Hence, she has higher
incentives to wait for a higher belief before installing R in equilibrium than in the first-best.

Thus the only difference between the baseline model and this richer setting is where the ineffi-
ciency shows up. In the baseline model, the incentive friction appears either in the agent’s higher
compensation or in the organization’s inability to install R. In contrast, in the model involving
the timing of adoption, the friction appears in the agent’s higher compensation and in the greater

26 Nevertheless, the results pertaining to the non-

delay relative to the efficient time of adoption.
monotonicity of the principal’s payoffs with respect to s and the importance of a slow resolution of

the uncertainty for the dual moral hazard problem to emerge remain unchanged.

Monetary Transfers vs. Intrinsic Motivation.— Finally, even though this dual moral hazard problem
appears to rely heavily on the existence of explicit monetary transfers, these are actually not essential.
The same inefficiencies arise—and similar comparative statics are obtained—in a model where the
principal pays the agent “in kind.”

For example, suppose transfers are unfeasible, but that there is some discretion on how to “design”
R (or there are multiple potential versions of R to install). Assume, furthermore, that players have
conflicting preferences over R’s design (as in, for example, Bonatti and Rantakari, 2016). If the
principal must then compromise with the agent on R’s design to incentivize him to install the arm

(e.g., to increase the agent’s “intrinsic” motivation), she will have incentives to return to S sooner

24In that version of the paper, I also showed that an alternative way to obtain Corollary 1(ii) is by letting o — 0
(instead of taking A — oo and II — 0 with g = Al constant).

ZNote that, in contrast to the diffusion process given by (2), the informativeness of this diffusion process does not
depend on whether R is installed nor the amount of resources allocated to the arm.

26The organization will always eventually install R in equilibrium since the incentive friction vanishes when the belief
that 6 = 1 at the time of installation is sufficiently close to one (see Corollary 1).



than what is constrained efficient. Thus a similar double-sided moral hazard problem ensues and

similar comparative statics with respect to s arise.

4 The Optimal Contract

I now characterize and discuss the optimal contract under different contractual assumptions. Unless
explicitly stated otherwise, the setting I consider is identical to the baseline one, except that the set
of available contracts is richer. I assume that the agent has no wealth and is protected by limited
liability.

4.1 The Allocation of Resources is Contractible
4.1.1 Preliminaries

I begin by describing the feasible set of contracts and players’ payoffs. A resource allocation policy
is a stochastic process k = {k:}+>0, where k; € [0, 1] is the fraction of the unit resource allocated to
R at time t. A compensation scheme ¢ = {c:}+>0 is a nonnegative, nondecreasing process, where ¢;
denotes the cumulative transfers the principal has made to the agent up to, and including, time t.

With some abuse of notation, denote by R; and S; the cumulative profits delivered by R and S,
respectively, up to time ¢, including ¢. Since {R;},<¢ is observationally equivalent to { N, },<¢ (recall
that Ny denoted the number of successes observed up to, and including ¢), the contractible history
up to t is given by:

h' = {Nrbr<t U{S bt U {br br<e Uder b

That is, it includes (i) the number of successes with R (or, equivalently, the sequence of profits
obtained from R), (ii) the sequence of profits obtained from S, (iii) the sequence of resources allocated
to each arm, and (iv) the sequence of payments made by the principal to the agent.

A contract, which is offered and committed by the principal at ¢ = 07, is defined as a resource
allocation policy and a compensation scheme, i.e., it is a pair (k, c). The resource allocation policy
may depend only on h!~, while the compensation scheme only on h!~ U {(N, S, k¢)}. Players’
expected payoffs at ¢t = 0 given (k,c) and ag, are then:

vo =Eo [/ re "t [aokt)\OH +s(1— kt)]dt — / re_rtdct}
0 0

ug =Eq [/ re_”dct] —ragf
0

The principal’s problem is to choose (k,¢) to maximize vg. I refer to the solution to this problem as
the “optimal contract.”
For a given contract (k, c), define then C!(k, ¢) as the agent’s expected (discounted) compensation

if R is installed and 6 = 1, and C°(k, ¢) as the agent’s expected (discounted) compensation when R



is not installed or @ = 0.27 That is:
Cl(kjc) = [/ re "tde, ‘ k,apd = 1} C’O(k:,c) =, [/ re "tde; ‘ k,agd = O}
0 0

Note that 1o can then be written as ug = gagC'(k, c) + (1 — aoq)C°(k,c) — ragf. Hence, for a given

contract, the agent’s equilibrium installation decision at t = 07 is:

1 if G(C(k,¢) — CO(k,c)) > COk,c) +rf

ag(k, ¢) = 3)

0 otherwise

Equation (3) reveals a simple fact that is easy to miss: if the agent gets compensated when R
is not installed (or when 6 = 0), i.e., C°(k,c) > 0, this increases the cost of incentivizing the agent
to install R and forces the principal to leave the agent with strictly positive rents. Intuitively, when
C%k,c) > 0, the agent anticipates that he will be able to get some compensation irrespective of

whether he installs R or not.

4.1.2 Independent Business Units and Commitment vs. Flexibility

When the allocation of resources is contractible, the principal’s optimal contract implements the
first-best outcome and allows her to achieve the first-best profits. This is formalized in the following

proposition:

Proposition 3. The principal can achieve the first-best payoffs, i.e., vy = w{;b, by offering:>®

. For=y foy _
K, =0y =4 TESTT@ = =D)AL Ny S fral N> 1 ()

0 otherwise

and a compensation scheme c* such that C°(k*,c¢*) =0 and C (k*,c*) =rf/q.

A first interpretation of the contract in Proposition 3 is the principal committing to a lockup
period T7°(g), during which all of the organization’s resources are directed towards R regardless of the
outcome. Once the lockup period ends, the principal regains the flexibility to allocate resources as she
wishes. An alternative interpretation is that of creating an independent business unit: transferring
the agent the decision rights over a budget of T/ b(@) units of resource over the entire horizon to

develop the innovation.??-30 In either case, the idea is for the principal to contractually establish ex-

2TNote that, because the installation decision is not verifiable, the contract cannot distinguish whether R is not
delivering profits because the arm is not installed or because it turns out to be unprofitable.

28Note that I am not claiming that the optimal contract is unique. As it will become clear in the next section, there
are other contracts that also give the principal the first-best payoffs (e.g., a belief-contingent contract or contracts with
damages payments linked to S’s profits).

The creation of independent business units to help established firms develop innovations has a long history in business
(e.g., Gans, 2016, p. 86). The latter is despite the fact that formal economic analysis of the cost and benefits of them
is relatively sparse (see Aghion and Tirole, 1994; Bresnahan, Greenstein and Henderson, 2011, for exceptions).
39Note that the model, as currently written, requires the organization in the first-best to assign all of its resources
to R early on. Hence, taken literally, the independent business unit interpretation of the optimal contract is calling



ante a minimum amount of resources to be allocated to R, to avoid the dual moral hazard problem
that leads to the innovator’s dilemma.

The agent’s compensation is then chosen to reward the agent only if R is installed and turns out
to be profitable (to avoid having to leave the agent with strictly positive rents), i.e., CO(k*,c¢*) = 0,
while keeping him indifferent in expectation between installing R or not, i.e., gC'(k*,c¢*) = rf. The
latter can be achieved, for instance, by committing to a time-independent bonus B* payable upon
the first success (recall that = r/A):

T7%(q)
Cl(k*,c*) — )\B*/ ,r.e—(r—l-)\)tdt and qu(k*,c*) _ Tf
0

== () - ()T

q K
Of course, Proposition 3 relies critically on the fact that with exponential bandits and conclusive

q

news, the first-best experimentation policy is a stopping-time policy with a fixed stopping time
T7°(g), that, furthermore, is perfectly known ex-ante. This implies that when the allocation of
resources is contractible, the principal can perfectly commit at no cost to experiment with the risky
arm efficiently. What would happen if that is not the case? If the efficient stopping time is not
known at the time of contracting?

To explore this possibility, in the online Appendix I consider the following extension of the
baseline model: If the risky arm is installed, then players observe a signal about its profitability
before experimenting with the arm (say at a time ¢ = 0%1). The latter changes the prior that
9 =1 from g to ¢ € [¢, §], where ¢ distributes according to a cumulative distribution function H(¢)
(so ¢ = fj ¢dH (¢) by Bayes’ Rule). In this setting, the efficient experimentation policy is still a
stopping-time policy with a fixed stopping time. However, the efficient stopping time is unknown
ex-ante, as it depends on the realization of ¢, i.e., T7%(¢) = (In Q(¢%) — InQ(¢))/N).

Following Amador, Werning and Angeletos (2006), the optimal contract can then be characterized
by solving a principal-agent problem with one principal, the principal’s “ex-ante” self, and two agents,
the “true” agent, and the principal’s “ex-post” self. More precisely, whenever the principal decides
to incentivize the agent to install R, her ex-ante self commits to a direct mechanism (k(¢), c(¢)) such
that the (true) agent installs R, and the principal’s ex-post self truthfully reveals ¢ after the signal
realization.

I then show, drawing heavily on the tools developed by Guo (2016), that if the resource allocation

policy and the agent’s compensation in the event of a breakthrough can be made contingent on the

for the division working on the new project (i.e., the agent working on the risky arm) to have the power of allocating
all of the organization’s resources for a period of time. At a first glance, this seems a lot more drastic than simply
creating an independent business. In reality, however, it seems unlikely that such an extreme (“bang-bang”) allocation
of resources is efficient. Rather, a more likely scenario is that R’s development requires a significant fraction (but not
the totality) of the organization’s resources per unit of time. The latter could be modeled, for instance, by assuming
that only a fraction & < 1 of resources destined to R are useful (and that any amount above that is wasted). In such a
model, the independent business unit interpretation makes more sense, as the principal does not need to transfer the
agent all of the available resources per unit of time early on; she only commits to transfer a fraction & of it per unit of
time, with an overall cap or budget equal to be((j) over the entire horizon.



message ¢ (e.g., the principal can offer a message-contingent but time-independent bonus B(¢)
payable upon a breakthrough), then the principal’s optimal contract still allows her to obtain her
ex-ante first-best payoffs.>! However, when that is not the case, the principal starts facing a tradeoff
between commitment and flexibility. On the one hand, she can mitigate her time inconsistency
problem and reduce the agent’s compensation by ex-ante restricting her ex-post options, i.e., by
committing to experiment with R for a minimum pre-specified amount of time. On the other hand,
the latter limits her ability to react to the new information that arrives once R is installed.

For a concrete example of this tradeoff, consider the optimal contract if the agent’s compensation
is restricted to entail a time and message-independent bonus B payable upon a breakthrough.?? As
it should be clear by now, the principal’s ex-ante self would like the flexibility to observe ¢ to set
the efficient stopping time T7%(¢). However, once R is installed and due to bonus promised to the

agent, the principal’s ex-post self experiments with R only until 7% (¢; B) < T/%(¢), where:

commy - L (@)Y 7~
T(¢’B)_)\ln<9(¢>> with ¢ T s+ (Lt pu)(g—s) - uB

In the online Appendix, I then show that under certain regularity conditions, the optimal contract

in this case (which I refer to as the “(restricted) optimal contract”) still involves stopping-time
policies. However, now it additionally incorporates pooling at the bottom, i.e., for types ¢ < gZS(B*),
where g%(B*) is always strictly above ¢, and B* denotes the optimal time-independent bonus promised
by the principal.

In particular, types below (;AS(B*) are pooled at qu(B*)’s preferred stopping-time T*(QAS(B*); B*),

while types above ¢(B*) are assigned to their preferred stopping-time 7*(¢; B*). The latter can

~

(again) be implemented with a lockup period of experimentation that lasts for T*(¢(B*); B*) or by

~

setting an independent business unit with an overall budget of T%(¢(B*); B*) resources. The optimal

bonus B* is then chosen so to leave the agent indifferent between installing R or not:

$(B*) T*($(B*);B¥)
/ b / re” Ve | dH (¢)
¢ 0

¢ T (¢;B%)
—(r Nt | dH(¢) | =
+/¢3(B*) 10) (/0 re t) (d))] rf

31The idea of the proof is as follows. Clearly, v < wgb. Hence, if a contract allows the principal to achieve first-best
payoffs, it must necessarily be optimal. Now, v = w]® only if the contract (i) implements the (ex-post) efficient
resource allocation policy (which is a function of ¢), and (ii) it induces the agent to install R without leaving him
any rents. I then show that a direct mechanism (k(¢), c(¢)) satisfying (i) and (ii) is truthful only if ¢(¢) is such that

C(k(¢),c(¢)) = rf/q for any ¢ € [$, ¢]. That is, only if the agent’s expected (discounted) compensation is independent

AB*

of ¢. Since the efficient stopping time be(gzﬁ) for a given ¢ is increasing in the latter, this requires the agent’s reward
in the event of a breakthrough to be decreasing in ¢. Coincidentally, this is also the condition that guarantees that the
agent will reveal ¢ truthfully if he were the only one observing the signal. Thus, whether one or both players observe
the signal (and who observes it) is irrelevant. In either case, the optimal mechanism is the same, and players self-select
accordingly ex-post.

321 restrict attention to this contract to make the comparison to the baseline model easier and because under some

circumstances a time-contingent (but message-independent bonus) is sufficient to achieve the first-best (see the online
Appendix for details).



Figure 3: Commitment versus Flexibility
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The resulting tradeoff between commitment and flexibility is illustrated in Figure 3. Panel
(a) depicts the stopping times assigned to each type ¢ in the (restricted) optimal contract. For
comparison purposes, that panel also illustrates the stopping times that each ¢ would follow in the
first-best and in the case where the principal only commits to a time-independent bonus without
contractually specifying the allocation of resources (the “no-commitment case,” as in the baseline
model of Section 3). Panel (b), in turn, plots the optimal bonus B* offered in the (restricted) optimal
contract and the equilibrium bonus that would ensue if the principal made no commitments on the
allocation of resources, both as a function of s.

As the figure shows, setting a lockup period allows the principal to lower the agent’s compensation
compared to the no-commitment case. This explains why for all ¢ > qB(B*), the stopping times in
the (restricted) optimal contract are strictly higher than in the no-commitment case, even though
the principal’s ex-post self has the flexibility to choose her preferred stopping time in both cases.
The flip side is that the lockup period sometimes forces the organization to experiment with R longer
than it is efficient.

Figure 4, on the other hand, portrays the pooling cutoff and the duration of the lockup period
T*(¢(B*); B*) as a function of the profits of the safe arm. It also illustrates the principal’s ex-ante
payoffs with the (restricted) optimal contract, comparing them with the principal’s first-best payoffs
and the payoffs she obtains in the no-commitment case.?> As the figure shows, the set of types pooled

increases with s (though the duration of the lockup period decreases with s). This is because the

33Players’ ex-ante payoffs are continuous in s, though the shape of the contract exhibits a discontinuity at s = O:
qB(B*) +4 ¢ as s — 0, even though we would expect no pooling if s = 0. This discontinuity arises because when s = 0,
the principal’s ex-ante self is indifferent between no pooling, partial pooling, or full pooling, as the efficient stopping
time is T%(¢, B) = oo irrespective of the value of ¢.



Figure 4: Optimal (Restricted) Contract as a Function of s
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commitment problem on the principal’s side worsens when the profits of the safe arm increase, so
the optimal contract becomes less sensitive to the arrival of new information.3*

The figure also shows that, although the (restricted) optimal contract does not implement the
first-best outcome, the principal’s payoffs are strictly increasing in the profits of the safe arm (as in
the first-best). That is, there is no longer a dilemma between the organization’s current success and
its long-term prospects. Thus, the model supports the idea that creating an independent business
unit might help established firms overcome the dilemma that arises when trying to develop certain
types of innovations (those that require new organizational capabilities, and whose profitability is
revealed only after ample time and testing).

34 Additionally, it is not difficult to prove that the pooling cutoff is decreasing in A while keeping g = AII fixed. This
is consistent with Corollary 1: the easier it is to learn R’s profitability, the less severe the dual moral hazard problem
is and the optimal contract becomes more sensitive ¢.



However, as it will become apparent in the next section, the key for this solution to work is for
the allocation of resources to be contractible. The latter may explain the varying degrees of success

independent business units have had in practice.?®

4.2 The Allocation of Resources is Not Contractible

I now consider the case where the allocation of resources is not contractible. The setting is identical
to the one described in Section 4.1.1, except that (i) a contract is now defined only as a compensation
scheme ¢ = {¢t}+>0, and (ii) the contractible history no longer includes the sequence of resources

allocated to each arm, i.e.,:
ht = {NT}TSt U {ST}TSt U {CT}TSt

The principal’s problem is then to choose ¢ to maximize vy subject to the k = k*(c), where k*(c) is
the equilibrium resource allocation policy induced by c.

As in the case where the allocation of resources is contractible, the optimal contract can be
characterized by solving a principal-agent problem between the principal’s ex-ante and ex-post selves
plus the true agent. The difference is that, if the principal’s ex-ante self wants to induce the agent
to install R, she now offers a compensation scheme ¢ = {¢;}4>0 plus a “recommendation” policy
k = {k¢}+>0 so that the true agent installs R, and the principal’s ex-post self is willing to follow the
recommendation.3%

With this notation at hand, I begin by showing that, taking the model literally, the principal can

again achieve the first-best payoff. I then discuss why this result is unlikely to hold in practice:

Proposition 4. The principal can achieve the first-best payoffs, i.e., vy = wgb, by offering:

1n,=1B*dN; + gs,50D* if t < T7(q)

dey = { (5)

1n,=1B*dN; otherwise

w50 [ -Gb) ]

This compensation scheme then induces the principal to allocate resources as in the first-best policy
given by (4), and it is such that CO(k*(c*),c*) = 0 and C*(k*(c*),c*) =rf/q.

where D* > s, and:

The idea behind Proposition 4 is to indirectly contract upon the allocation of resources by pun-
ishing the principal if S delivers profits before the efficient stopping time 77 5(@). The latter is done

by promising the agent a damages payment of D* > s every time such an event occurs. Note that,

35See Gans (2016, ch. 6) for an account of how creating a separate entity helped Quantum Corporation—a hard disk
drive manufacturer in the 1980s and 1990s—Ilead the market of 3.5-inch drives—an innovation at the time. The same
chapter also documents how the lack of commitment of IBM’s upper management led to the failure (and subsequent
absorption) of its Boca Raton Unit, an independent business unit created in response to the emergence of the personal
computer.

36This recommendation-mechanism approach is similar in spirit to the one developed by Ely, Georgiadis and Rayo
(2022) to characterize the optimal monetary and informational incentives in dynamic moral hazard settings.



crucially, D* is never paid on- or off-path (i.e., if the agent fails to install R),>” explaining why
the agent obtains no rents despite the fact that his compensation involves payments that are not
contingent on R’s installation.

There are several reasons why Proposition 4 may fail to hold in practice. First, if S’s profits
were stochastic (as in, e.g., Bolton and Harris, 1999), then a damages clause as the one described
above will be paid with positive probability off-path. As a result, incorporating it into the contract
forces the principal to leave the agent with strictly positive rents, making their overall effect on the
principal’s ability to pre-commit ambiguous.?® Hence, the principal herself might not have incentives
to incorporate this clause ex-ante.?’

Second, the scheme in Proposition 4 relies critically on the parties’ ability to perfectly contract
on S’s profits. This assumption seems overly optimistic. For instance, it might be difficult to
contractually specify what constitutes the “current business” exactly. Or, even if that is not the
case, there could be ways to allocate resources to S to manipulate or backload profits (think of R&D
investments to achieve incremental innovations in S). For all these reasons, it is then important to
understand what the organization can achieve if contracting on S’s profits is unfeasible, which is why
I now analyze this case in more detail.

Restrict then the contractible history to just A = {N;},<;U{c; }r<¢. This implies that ¢ = {c; }+>0
can be made contingent on time, the number of successes with R, and the payments the agent has
received in the past. However, since players are risk-neutral and the first success provides definitive
evidence that 6 = 1, it is without loss to restrict attention to schemes involving a single time-
contingent bonus B; > 0 paid upon R’s first success, i.e., d¢; = 1y,-1B:dN; (see footnote 19).

To obtain some intuition about the issues that arise with time-contingent contracts, let me begin
by considering the auxiliary case where the principal can make the bonus directly contingent on
beliefs rather than on time, i.e., B; = B(q;). The latter, of course, is not allowed in the current
context; it would require keeping track of both time and the resources allocated to R, and the latter

are not contractible by assumption.

Lemma 3. By offering a single belief-contingent bonus payable upon a breakthrough B(q;), the prin-

cipal can achieve the first-best payoffs, i.e., vy = w({b.A‘O

According to Lemma 3, even when the allocation of resources and S’s profits are not contractible,
it is still possible to make the efficient policy (4) incentive-compatible with the use of belief-contingent
contracts. Intuitively, the idea is to exploit the dependence of B(q;) on beliefs to ensure that the prin-
cipal has a sufficient stake in the R’s profits to experiment efficiently ex-post. The latter requires that

the agent’s continuation value decreases sufficiently fast as players become more pessimistic about

37Given that D* > s, the principal has incentives to allocate all the resources to R during t € (0,77%(g)) even if the
agent fails to install R. This feature of the contract is important, since, otherwise, the agent would deviate and not
install R to obtain the damages payments from the contract.

380n the one hand, the damages clause lowers the attractiveness of allocating resources to S, improving the dual moral
hazard problem. On the other hand, by increasing the agent’s compensation in the event of a breakthrough, they also
further bias the principal away from R. The latter worsens the principal’s commitment problem.

39Tn the numerical simulations I have conducted, this indeed appears to be the case (i.e., the principal shuns away
from offering damages or equity on S’s profits).

4ODue to space constraints, the remaining lemmas and propositions are all proved in the online Appendix.



R’s prospects, implying that the optimal bonus B*(¢;) must be—informally speaking— “increasing”

in ¢;.*' An example of a bonus that works is the following:

w0 = sy () =0+ (5]

Suppose now that the principal’s ex-ante self tries to implement the efficient policy using a time-

contingent rather than a belief-contingent bonus. Because in the absence of a breakthrough beliefs
on-path evolve deterministically in time under the efficient resource policy, there is a one-to-one

mapping between ¢ and on-path beliefs ¢; at this phase of the game, i.e.,:

_ ' .
! i otherwise

Hence, by making B = B*(q}), players’ continuation values on-path are the same under both
contracts. For instance, in the absence of a breakthrough, the principal’s continuation values at a
time t € (0, 77%) under B*(g}) and B} are, respectively:

* : v —r(z—t) * A Kk 1-— q;fk —r(Tfo—1) - QZ“
vy (belief) = re q g1+ o AB*(q2) T dz + se .
t - q; —qpse

T N »
1-— 1—
itime) = [ ez g (142) < am] (12 e et <1q>
t r —q; — qbe

As a result, one might be tempted to conclude that the principal can achieve the same with a time-

contingent bonus B; than with a belief-contingent bonus B(q;). This logic, however, turns out to be
incorrect.

To see why, suppose that there has been no breakthrough before ¢ € (O,Tf b), and that the
principal ex-post self deviates to k; = 0 for [t,¢ + dt) while returning to the efficient policy recom-
mendation thereafter. Denoting by v;(belief) and vj(time) the principal’s deviation payoffs under the

two different compensation schemes, I have that:

Tfb

vy (time) — v} (belief) = /

—r(z—t) * *( % * 1 —gqf
re ( t)qudt)‘(B (qudt) - Bz) <1 : ) dz
t+dt

*
— 4, gt

+ Se—r(be—t) 1—q 1— 1 - qi*Ffb—dt
1- Q;fb,dt 1- Q;fb

Hence, even though B} = B*(q}) gives players’ the same on-path payoffs, the principal’s incentives
to deviate are different under the two contracts. In particular, with a time-contingent contract, the
principal can “freeze beliefs” while keeping the clock on B; running, something that is not possible
when the bonus depends directly on beliefs.

How does the optimal time-contingent contract look like then? And what is the best the principal

41As I show in the online Appendix, B*(q) must be increasing in ¢ on “average;” it does not need to be monotone
necessarily.



can achieve? To describe the equilibrium outcome in this case, let:

NN ) o(1—a el
e =ara - () ]2 b ()

and define § and 5 as the (unique) solutions to I'(¢7%(3), 5) = rf and max, I'(z,5) = rf (where ¢/%(s)
is defined as in Lemma 1). It is not difficult to prove that § < 5 < s/?. The following proposition

then characterizes the optimal time-contingent contract:

Proposition 5. Under the optimal time-contingent contract, the principal can incentivize the agent
to install R only when s < 5. If that is the case, the optimal contract implements a stopping-time
policy, i.e.:

1 ift<T™

ki (N, =0) = and ki (Ny) =1 for all Ny > 1
0 otherwise

with a fized stopping time equal to:

T if s € (0, 4]
T** — *%
%m <Q§§?q))> if s € (3,3]

where ¢** = inf{z € [¢/°,q] : T(x,s) = rf} > ¢/°. Denoting by vi* and uy*, respectively, the
principal’s and the agent’s equilibrium expected payoff at t = 0 under the optimal time-contingent

contract, then:

wgb if s € (0, §]
_ 2\ A
i =St -0 (1ok ) () = s s 6
s if s € (5,5

while ui* = 0 for all s € (0,s7°).

Figure 5, which builds upon Figure 2, depicts the principal’s ex-ante payoffs under the optimal
time-contingent contract, vj*, as well as the first-best payoft, wg b, and the principal’s payoffs under a
time-independent bonus of Section 3, vj. As the figure shows, while time-contingent contracts allow
the principal to improve upon time-independent contracts (allowing her, for instance, to achieve the
first-best payoffs when s < §), they still lead to a dilemma between currents profits and long-term
prospects: there is a range of values of s over which v§* is strictly decreasing in that parameter.
Moreover, similarly to the case where the principal offers a time-independent bonus, for s sufficiently
high the incentive problem also unravels in this case.

Intuitively, the principal’s ability to freeze beliefs while keeping B; running, bounds how fast the
agent’s continuation value can decrease if a breakthrough does not materialize. As a result, when the
safe arm is too profitable (so the principal’s time-inconsistency problem is significant), the principal

is unable to pre-commit not to distort the allocation of resources ex-post. The dual moral hazard



Figure 5: Time-Contingent Contracts Do Not always Solve the Innovator’s Dilemma
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problem described in Section 3 then claws its way back into the scene and the innovator’s dilemma,
unraveling included, emerges again.

With regards to the optimal bonus, when s € (0, §] there is a myriad of different time-contingent
bonuses that allow the principal to obtain the first-best payoff. In contrast, when s € (s, 3], the
optimal bonus B} is unique (among the class of single time-contingent bonuses paid upon a break-

through) and is given by:%2

M - = A(u=1)(T —t)
<1+1>(g—s)—56 <1q> a— if ¢ < T
Iz A q p—1 (7)

B otherwise

Sy
*
I
>l =

where B must be set sufficiently high (e.g., B — oo) so that, if the principal tries to freeze beliefs
while keeping the clock on B} running, she is unable to extend the experimentation with R beyond
T**.

The key feature of B} as given by (7) is that the principal’s ex-post self is always indifferent
(on-path) between playing kf = 1 during ¢ € (0,7**) and deviating to k; = 0 for [¢t,t + dt) for a
small dt (while returning to the on-path recommendation thereafter). That is, B} is pinned down
by the local incentive-compatibility constraint on the principal’s ex-post self side, plus the fact that

the agent is always made ex-ante indifferent between installing R or not.

42This expression is valid as long as y # 1. To obtain the optimal bonus when p = 1, one needs to take the limit of
this expression as p — 1.



5 Conclusions

In this paper, I proposed an explanation for why an organization’s success in exploiting its current
business can undermine its ability to explore new opportunities. My theory provides testable im-
plications about which innovations will be more difficult for successful firms to adopt and supports
the idea that setting up an independent business unit can help successful firms be more effective at

innovating.

Appendix A The First-Best Outcome

A.1 Proof of Lemma 1

If ag = 0, then it is clearly optimal to always allocate resources to S, as R will never deliver any
profits. If ag = 1, on the other hand, then the organization faces a single-player experimentation
problem with exponential bandits and conclusive news. The solution to this problem is characterized
in Keller, Rady and Cripps (2005, Section 3). O

A.2 Proof of Proposition 1

Installing R gives w(q,ap = 1;s) — rf, while not installing gives s. Hence, it is optimal to install
R whenever w(q,ap = 1;8) —rf —s > 0. The term w(g,ap = 1;s) — rf — s is strictly decreasing
in s. Furthermore, as s — 0, it converges to gg — rf > 0, and as s — g, to —rf < 0 (recall that
g = MI). Hence, it is optimal to install R whenever s < s/, where s/ € (0, g) is the unique solution
to w(q,ap = 1;s7%) —rf = sf°. g

Appendix B The Equilibrium

B.1 Proof of Lemma 2

The Principal’s Value Function and her Resource Allocation Problem.— If the agent does not install
R, then it is clear that k;(q;, a0 = 0,B;s) = 0 for all ¢; € [0, 1], given that R never delivers profits.
Hence, the principal’s value in this case is v(q, a9 = 0, B; s) = s.

On the other hand, if the agent installs R, by the principle of optimality, the principal’s value
function satisfies:

o(g) = max {7101 = ks + Agh(I = B)]dt + ¢ E [u(q + da) | ¢, K] } (8)

where, to avoid cluttering notation, I am expressing v only as a function of the state variable q.
The fact that (i) the instantaneous probability of a breakthrough is Agk, (ii) that if a breakthrough
occurs the value function jumps to v(1) = Al = g, and that (iii) dg = M\kq(1 — ¢)dt, implies that:

E [v(q+ dq) | ¢, k] = gAgkdt + (1 — Mkqdt)v(q — Akq(1 — q)dt)
Hence, evaluating the latter on (8) and taking its continuous-time limit, v(q) must satisfy:

ru(q) = Jmax, {r[(1 = k)s+ qk(g — AB)] + Meq(g — v(q)) — Meq(1 — q)v'(q) } 9)



I then conjecture that the principal follows a cutoff strategy (as in the first-best):

1 ifg>q*
k* =1,B;s) =
(9, a0 » B 5) { 0 otherwise
If so, the differential equation (9), plus the value-matching and the smooth-pasting conditions v(g*) =
s and v'(¢*) = 0, imply that:
* _ us
ps+ (L4 p)(g —s) — AuB

q

and that:

oo =139 =0+ (=00 (710) () 28 (7)1~ <s?<(q@>)l+”]

if ¢ > ¢* and v(q, a9 = 1, B; s) = s, otherwise (recall that ;. = r/)\). Optimality of this cutoff strategy

then follows from standard verification arguments. O

The Agent’s Value Function.— If the agent does not install R, then the principal plays &/ (q:, ag =
1,B;s) =0 for all ¢; € [0,1]. Thus, the agent’s value function in this case is u(g, ap = 0, B;s) = 0.

Suppose instead that the agent installs R. If ¢¢ < ¢*, then given the principal’s equilibrium
resource allocation policy, we have that u(g:, a9 = 1, B; s) = 0. In contrast, if ¢, > ¢*, then following
similar reasoning as in the principal’s case, the agent’s value function must satisfy:

ru(q) = Aq(rB — u(q)) — Aq(1 — q)u'(q)

where 1 have omitted the dependence of u on ag, B, and s, to avoid cluttering notation. This
differential equation has solution u(q) = ABqu/(1 + 1) + (1 — ¢)Q2(q)*C, where C' is a constant.
Using then the fact that u(¢*) = 0 (value matching) we can solve for C'. Substituting back into u(q)
and rearranging, we obtain the agent’s value function as stated in the lemma. ([l

B.2 Proof of Proposition 2

Preliminaries.— I begin with two preliminary claims that will be used in the proof of this proposition.

Claim 1. Let B (s) € argmaxpsgu(q,a0 = 1, B;s). For any s € (0, s7?), B(s) exists and is unique,

and u(q,ap = 1, B(s); s) is strictly decreasing in s.

Proof. Note that when s = s/ then ¢/° < ¢ (otherwise, w(q, ap = 1; sﬂ’) = s7% and it would not be
optimal to install R). By continuity, this implies that when s < s/, there exists an B > 0 such that
q* < 4. Moreover, if B is such that ¢* > g, then u(q, ap = 1, B;s) = 0. In contrast, if B is such that
q* < q, then u(g,ap = 1, B; s) > 0. Hence, B(s) must be such that ¢* < . If so, then:

9%u _ _)\2u2q (2(1 —i—u)(g — 3) 4 /\MZB) (Q((Y) >1+# N
0B2 ((1—|—M)(g—s>_)\lu3)2 Q)

Thus, in the relevant region, u(q,agp = 1, B;s) is strictly concave, and therefore, E(s) is unique.
Finally, since u(q,ap = 1, B; s) is strictly decreasing in s when B is such that ¢* < @, we have that
in particular, u(q,ap = 1, B(s); s) is strictly decreasing in s. O



Claim 2. Define s* as a solution of u(q,ap = 1, B(s*); s*) =rf. s* exists, is unique and is strictly
between 0 and s'°.

Proof. By Claim 1, u(g,ap = 1,B(s); s) is strictly decreasing in s. Hence, u(q, ag = 1,E(s); s) cuts
rf at most once. Furthermore, when s — 0, then u(q,ap = 1,3(3); s) — qg > rf. Thus, to show
the claim it suffices to show that u(g,ao = 1, B(s/%); s/%) < rf.

To do this, note that when w(g,ap = 1;5) > s, then w(q, a9 = 1;5) = G(¢°(s),s), where
q'*(s) = us((1+ p)(g — ) + ps)~! and G(z, s) is defined as:

G(x,5) = q9 + (s — xg) (1_6) (ﬁig)ﬂ

1—=x

Note, further, that ¢/%(s) = arg max,cjo g G(, s), and that whenever B < B(s), then v(g,ap =
1,B;s) +u(g,a0 = 1, B; s) = G(q¢*(B, s), s), where:

s

7(B:s)= ps+ (14 p)(g —s) — AuB

Suppose then by contradiction that u(g,ap = 1, E(sfb); sf%) > rf, and, to simplify notation, let
BfY = B(sf). Since f > 0, this implies that ¢*(B/?, s/%) < ¢, i.e., the equilibrium cutoff belief ¢*
when the bonus is B/* and S’s profits s/® must be strictly less than the prior ¢ (otherwise, there
would be no experimentation with R and u(g, ap = 1, B/, s/ =0).

Now, using the definition of s/, the premise that u(g, ag = 1, B, sf) > r f implies that u(g, ag =
1, BJ?, s > G(¢fb(s7?), /%) — s/, However, if so, then:

[w(@, a0 = 1, B’ s7) + 0(q, a0 = 1, B/, /)] > G(!*(s7"),s7") + [0(g, a0 = 1, B/ 67%) — sT"]

G(q*(BFb,sfb),sfb) >0 given that ¢*(B/?, s/%) < g

which implies that G(¢*(Bf?, s/%), s°) > G(qf¥(s7?), s/%). This contradicts contradicts the fact that
G (g7 (s/?), s70) = max,co,q G(, sf0), so u(q, ap = 1, BY?; s7%) < r f necessarily. O

Proof of Proposition 2.— Recall that the principal solves:

max {s + ay(B; f,8) [v(g@, a0 = 1, B; s) — §] } where aj(B; f,s) = {1 ifrf S.u(q,ao =1,B;s)
B>0 0 otherwise

Define then s* € (0,s/%) as in Claim 2. Clearly, motivating the agent to install R is impossible when
s > s*. Hence, in this case, any B is optimal.

Consider then the case s < s*. Note that in this case the principal always finds it optimal to
incentivize the agent to exert effort. Indeed, for the agent to install R, it must be that u(g,ap =
1,B;s) > rf. However, since f > 0, this requires that B must be such that ¢* < ¢, implying that
v(g,a0 =1,B) > s.

Now, v(q, a0 = 1, B; s) is strictly decreasing in B; thus, the principal offers the agent the minimum
B that satisfies u(q,ap = 1, B;s) = rf. That is:

B* = B(f,s)=inf{B >0:u(g,a0=1,B;s) =rf}



which always exists given that s < s*. Consequently, the principal expected payoffs at t = 0 is:

i, {v(q,ao —1,B(f,5);8) > 5 ifs<s"
-

s otherwise

Since the agent is always indifferent between installing and not installing R, then his expected payoffs
at t =01is uj = 0. O]

B.3 Proof of Corollary 1

Part (i).— First, note that w(q,ap = 1;5) — g as § — 1, so s/ = g — rf when we take such
a limit. Thus, wgb — max{g — rf,s} as ¢ — 1. Now, v(g,ap = 1,B;s) — g — \uB/(1 + p)
and u(g,a0 = 1,B;s) — AuB/(1+ p) as ¢ — 1, so in the limit the principal solves maxp>o{s +
LauB/(4w)>rf [9 — AB/(1 + p) — s]}, where 1x is the indicator function of the event X. The solu-
tion to this problem is A\uB*/(1+p) =rfif g—rf > s and B* = 0 otherwise, so v§ — max{g—rf, s}
as ¢ — 1 also. ]

Part (ii).— Note that w(q,ap = 1;8) — gg+s(1—q) as A — oo and II — 0 keeping g = AII constant,
SO w(’;b — max{gq + s(1 — q) —rf,s}. Now, v(qg,a0 =1,B;s) = (g — A\uB/(1 + n)) + s(1 — q) and
u(q,ap = 1,B;s) — g \uB/(1 + p) as A — oo and IT — 0 keeping g = AII constant, so in the limit
the principal solves:

max{s + Lgyup/(4p)>ry [4(g = AB/(1+ p)) +5(1 = q) — s]}

The solution to this problem is gA\uB*/(1 + p) = rf if g(g — s) > rf and B* = 0 otherwise, so v
also converges to max{gq + s(1 — q) —rf,s} as A — oo and IT — 0 keeping g = AIl constant. O

Appendix C The Optimal Contract

C.1 Proof of Proposition 3

Note that the principal’s expected ex-ante payoff can be written as:
oo
vo = Ep [/ re "t [aokt/\GH +s(1— kt)]dt] —ug —ragf
0

where ug = gagC*(k,c) + (1 — apq)C°(k,c) — raof. If the principal offers the contract specified in
the statement of Proposition 3, then the agent installs R and obtains an ex-ante payoff of zero, i.e.,
apy =1 and uj = 0, and:

Eo [/ re " [k 0T + s5(1 — kt)]dt} =w(q,ap = 1;5)
0
Hence, v = w(q,a0 =1;8) —rf = wgb. .

C.2 Proof of Proposition 4

To prove the proposition, it suffices to show that under the stated contract the principal follows the
first-best experimentation strategy.



For t < T/%(g).— Tt is easy to see that the principal plays kf = 1. Indeed, if N; = 1, then ¢ = 1
and the bonus B* was already disbursed. Hence k; = 1 as AIl > s. If Ny = 0, on the other hand,
then kf =1, since D* > s and the principal’s continuation payoff in the event of a breakthrough is
r(IT — B*) + AII, which is always strictly greater than zero given the value of B* and the fact that
s < sfh.

Fort > Tf%(q).—If N; = 1, then k} = 1, as ¢; = 1, the bonus B* was already disbursed, and I > s.
If N; = 0, then, kf = 0 given that the principal no longer has to pay damages for S’s profits, and
¢ < ¢'% (given that kf = 1 for all t < T/*(q), as we showed above).

O
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