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Abstract

This thesis consists of three essays on information economics. It broadly deals with
understanding how and why can players be motivated to research. Researching helps us to
achieve better outcomes and make better decisions by seeking better ideas and information.
While this is a relevant question for organizations seeking to innovate, it is also applicable for
societies in general in the current times. Chapter One deals with supervisor-agent relationships
in organizations where supervisors give feedback to their employees on the ideas that they
generate. Best implementation requires the supervisor to shoot down more mediocre ideas
honestly. However, this potentially discourages the agent. The paper shows that supervisors
are only honest with agents who have a high belief in their ability to succeed. Overconfidence
is, therefore, potentially welfare improving. Chapter Two studies the effect of increased
competition in the modern digital environment on the quality of reporting by media outlets.
Two opposing forces determine how media outlets resolve the competing demands for speed vs.
accuracy — preemption and reputation. The paper shows that more competitive environments
may be more conducive to reputation building. Therefore, it is possible to have better reporting
in a more competitive world. Finally, in Chapter Three, I return to the question of innovation
in organizations. This paper solves for the optimal delegation mechanism that grants an agent
the authority to take time off from his current task to pursue creative endeavors. Driven by a
high intrinsic motivation, the agent would like to take time off for any idea. The principal, on
the other hand, would like the agent only to pursue ideas that have a high potential to succeed.
In the optimal mechanism, the principal is inefficiently harsh on the agent who gets time off.

Creativity, therefore, only receives a limited opportunity.
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Chapter 1

Feedback on Ideas

1.1 Introduction

Employees are often assigned tasks with two distinct phases: in the first phase, ideas
are generated; in the second phase, the best idea is implemented. Furthermore, it is common for
supervisors to give feedback to their employees in this process. For instance, a partner in a law
firm supervises an associate developing a litigation strategy, a project manager in a technology
firm supervises an engineer solving a bug in app development, and a senior designer in an
architecture firm supervises a junior designer looking for a design solution. One can trace such
examples of feedback and supervision outside of corporate organizations as well; for instance, a
professor supervising her grad student in a university.

This paper studies the supervisor’s problem. Supervisors face the following trade-
off. On the one hand, honest feedback encourages employees to discard bad ideas. On the
other hand, such feedback can be demoralizing and discourage both idea generation and effort
implementation. We build a model to describe how this trade-off shapes the supervisor’s
feedback, the employee’s effort, and the employee’s trust in the supervisor.

We consider a supervisor-agent model with two phases: experimentation and imple-
mentation. In the experimentation phase, the agent sequentially generates ideas at a cost,
receives feedback from the supervisor on her ideas, and selects an idea to implement. In the
implementation phase, the agent decides how much effort to put into completing her chosen
idea. The agent’s ability is initially unknown, and the agent and supervisor share a common
prior. Importantly, we assume the supervisor does not internalize the agent’s cost of effort. This
misalignment of preferences means that dishonesty is a possibility.

Ability plays a central role in our model. We assume a high-ability agent both generates

'Note that if providing feedback is costly to the supervisor (such as time costs) this could realign the principal’s
and agent’s interests, thereby restoring honesty. We show that the supervisor is more (less) honest when he is more
(less) time constrained, and therefore less (more) willing to supervise.



and implements ideas better than a low-ability agent. As a result, the agent’s self-opinion (prior
belief about her ability) affects both the agent’s decision regarding how much to experiment and
her choice of implementation’s effort. Both of these effects, in turn, impact the supervisor’s
feedback.

There are three key findings of our model. First, the supervisor never gives a low
self-opinion agent honest feedback because doing so is demotivating: it discourages effort in
both the experimentation and implementation phases. When negative feedback discourages
further experimentation, the supervisor prefers to falsely encourage the agent to induce her to
put a higher effort in implementation instead. Therefore, negative feedback is only forthcoming
for a high self-opinion agent. Moreover, a high self-opinion agent, independent of her actual
ability, is repeatedly informed about her bad ideas and can end up being “treated more harshly”.

Second, receiving supervisor feedback magnifies performance differences between high
and low self-opinion agents. Because high self-opinion agents receive honest feedback, they
have confidence both in their ability and in the quality of their ideas, which leads to high effort.
Low self-opinion agents, in contrast, lack confidence, which leads to low effort. Receiving more
honest feedback with a higher self-opinion allows the agent not only to experiment more but
also to exert an optimal effort in implementing her chosen idea. Such an opportunity might not
be available to a slightly lower self-opinion agent because she does not receive honest feedback
as often. As a result, she has lower confidence in her idea. Therefore she might end up exerting
too much effort on a bad idea, and too little effort on a good idea.

Third, overconfidence can be welfare improving. The discontinuous change in the
supervisor’s feedback strategy as the agent incorrectly goes from a low self-opinion to a high
self-opinion gives rise to this possibility. The cost of overconfidence in ability is that it leads to
too much effort exertion. However, the benefit of overconfidence is that it can lead to honest
feedback. This benefit may outweigh the cost.

Our results find support in The Sensitivity to Criticism Test from PsychTests which
collected responses from more than 3,600 participants.> The study revealed that those who
tended to be defensive about negative feedback had lower performance ratings and lower self-
esteem. Moreover, managers were skeptical to give feedback to workers who get defensive.
“If there was an esteem problem, both men and women seemed to block out the constructive
part of the equation and only focus on the criticism”, revealed a manager. This further meant
that the manager would rather “develop the more (talented and) mature employee,” instead of

spending time counseling those who easily got defensive. These ideas further find support in

“https://eu.usatoday.com/story/money/columnist/kay/2013/02/15/at-work-criticism-sensitivity/1921903/


https://eu.usatoday.com/story/money/columnist/kay/2013/02/15/at-work-criticism-sensitivity/1921903/

the situational leadership theory developed by Paul Hersey and Ken Blanchard in mid-1970s.
According to Ken Blanchard, ““ Feedback is the breakfast of champions.”

Related Literature. Our paper relates to two distinct strands of literature: experi-
mentation and dynamic communication games. Within experimentation, our work falls under
models of motivating experimentation. Previous research has looked at how information can be
optimally delivered to the agents arriving sequentially to experiment (such as Kremer, Mansour
and Perry (2014) and Che and Horner (2015)) or at how information should be designed for a
single agent to motivate her to experiment (such as Renault, Solan and Vieille (2017) and Ely
(2017)).> Among the two, our setting falls in the latter category. Ely and Szydlowski (2017),
Smolin (2017) and Ali (2017) are the closest in this respect.* In each of these papers, a principal
must reveal information by balancing the positive effect of good news with the discouraging
effect of no or bad news. Nonetheless, these papers do not address situations where ex-ante
commitment to a disclosure rule is not possible. How the same tradeoff shapes the honesty in
strategic feedback with no commitment is our point of departure from these papers. Thus, our
model is one of communication rather than information design. To the best of our knowledge,
we are the first to study such settings without commitment.

Another point of departure is how the agent responds to honest feedback. In our
setting, the supervisor tries to motivate the agent to exert effort in both the experimentation and
implementation phases. As a consequence, honest feedback can discourage the agent at two
levels. The first is stopping experimentation too early, and the second is exerting low effort in
implementation. Introducing this novel objective makes our setting unique in feedback and
experimentation literature.

Some older papers like Lizzeri, Meyer and Persico (2002) and Fuchs (2007) have looked
at feedback in dynamic settings without experimentation and show that often it is not optimal
to provide feedback.’> Orlov (2013) considers a setting in which providing information to the
agent might benefit the principal in the short-run but may lead to long term agency costs. There
the principal designs an optimal information sharing rule along with a compensation scheme.
Boleslavsky and Lewis (2016) also study dynamic settings with commitment in which the agent
has new information every period. The principal makes sequential decisions, after which he
observes a private signal of the state. These works consider the effect of feedback in settings

with commitment but no experimentation. Our paper connects these two types of literature in a

3See Horner and Skrzypacz (2016) for a survey on the recent advancements in experimentation and information
design.

*Some other related papers have looked at settings in which a sender commits to dynamic information design to
influence a receiver. See, for example, Bizzotto, Riidiger and Vigier (2018).

Both these papers are also concerned with the issue of dynamic moral hazard, and feedback plays an assistive
role to contracting.



no-commitment setting.®

The other strand of literature related to our work is dynamic communication games. A
few papers like Aumann and Hart (2003), Krishna and Morgan (2004), Forges and Koessler
(2008) and Goltsman, Horner, Pavlov and Squintani (2009) look at repeated communication
with an action at the end. Our setup is different in that the receiver should decide after each
round whether she wants to experiment again. Golosov, Skreta, Tsyvinski and Wilson (2014)
and Renault, Solan and Vieille (2013) are closer in this sense. They look at situations where the
receiver decides after every round of communication. However, neither has the above-stated
feature of persuasion in two phases.

In this respect, our work relates to dynamic persuasion games. Morris (2001), Honryo
(2018) and Henry and Ottaviani (2019) are a few papers that do not assume commitment by
the sender of information. The seminal paper by Morris (2001) deals with a potentially biased
advisor persuading a decision-maker to choose actions dynamically when reputation matters.
Honryo (2018) and Henry and Ottaviani (2019), however, are closer to our setting. In these
papers, a sender (entrepreneur or researcher) tries to persuade a receiver (venture capitalist
or publisher) to take a favorable action by sequentially disclosing some verifiable or costly
information. We instead have a tradeoff with cheap talk communication. In our model, when
the supervisor persuades the agent to experiment again, he inadvertently also persuades her to
exert lower effort in implementation. It is this feature that creates the main honesty/dishonesty
tradeoff in our model.

Finally, our result on the importance of beliefs in final performance is related to some
of the older research starting with Bénabou and Tirole (2002). This vast line of economics
research is itself based on the original psychology research of Bandura (1977). However, such
research usually looks at the importance of belief absent any external supervision. The presence
of a supervisor drives our results on the effect of higher self-opinion and overconfidence.’

The rest of the paper is structured as follows. In Section 1.2, we describe the basic
model. In Section 1.3, we solve two benchmark cases of the model without supervision, which
help us build intuition and solve the complete game. Then, in Section 1.4, we present the main
analysis of the game with a supervisor without commitment. We move onto presenting how our
results are qualitatively the same in a few extensions and offer new interpretations of our model

in Section 1.5. Finally, we conclude in Section 1.6.

®Orlov, Skrzypacz and Zryumov (2018) is an exception. They look at commitment and no commitment case in
a setting in which an agent tries to convince the principal to wait before exercising a real option. Again, however,
their model does not have experimentation.

"Koellinger, Minniti and Schade (2007) and Hirshleifer, Low and Teoh (2012) are two papers that empirically
show the importance of overconfidence in the context of innovation and creativity.



1.2 The model

We consider a setting in which an agent (she) works on a project and a supervisor (he)
is responsible for providing feedback. The project involves two distinct stages that proceed
sequentially. The first stage is planning or experimenting with ideas, and the second stage is
execution or implementation of a chosen idea. The agent is responsible for both experimenting
with and implementing ideas for the completion of the project. The supervisor has no com-

mitment power or verifiable signals and provides cheap talk feedback based on what he observes.

Stage 1: 1dea generation. The process of idea generation involves multiple roundst = 1,2, . ...
In each round ¢, the agent decides whether she wants to draw a new idea. The quality of an idea
is determined by its ex-ante potential to succeed 6; which could be either high (%) or low (£).

The distribution of 6, is given by

. A with probability «,
t =

¢  otherwise

where « is the ability of the agent. a € {0, ¢} where zero is “low”, and ¢ € (0,1) is “high”.
Therefore, only a high-ability agent can come up with a high potential idea, which happens
with probability gq. The ability (unlike the idea) remains persistent throughout the play. The
agent and the supervisor only know the distribution of the ability; neither observes it. The belief
that the agent is high-ability at the beginning of round ¢ is denoted by 3;, with a common prior
p1 € (0,1) at the beginning of the game in round 1. For much of the text, we use belief and
self-opinion interchangeably. We assume that the agent possesses a low potential outside option
idea at the beginning in round 1 denoted by 6 = /.

Actions and timing: In each round of experimentation the agent chooses I; € {0,1}.
I = 0 denotes the agent’s decision to stay in Stage 1 and experiment with another idea in round
t, i.e., not implement. There is a cost ¢ of experimentation. It could arise from searching the
Internet, looking up for data, reading material, previous works, and seeking inspiration. The
agent produces an idea 6 after privately incurring c.

Importantly, we assume that only the supervisor can see the potential of the idea
generated. The supervisor privately observes #; and chooses an announcement about its

observed potential, m; € {¢,A}.> We initially assume limited recall of the agent and the

8We can also start with an arbitrary message space M but since we consider a game of cheap talk with binary
types and we focus on pure strategy equilibria, what matters are the equilibrium mappings from the supervisor type
(what potential of the ideas he observes) to the message space, i.e. what is the meaning of the messages. Here,
messages £ and # have their natural meaning and are understood as the potential of the idea developed.



supervisor so that they only talk about the last idea produced (and not the entire history of past
ideas). We present the analysis of perfect recall in which the supervisor is allowed to make
backdated messages in Section 1.5.2.

Alternately, the agent could decide to implement the last idea after the supervisor’s

message. This is denoted by I; = 1.

Stage 2: 1dea implementation. If the agent decides to move to the idea implementation stage

in ¢ 4+ 1 following the last message of the supervisor m, then her idea gets fixed at 6 = 6,.
Actions and timing: The agent chooses effort e € [0, 1] at cost % to complete the

project. The final outcome of the project, success or failure, is determined by the following

distribution function

e iff=n,
Pr(success) = { ke if § = ¢ and agent is high-ability, k € (0, 1),

0 otherwise.

The probability of success is a function of the potential of the chosen idea 0, effort exerted
by the agent e and the ability of the agent «v. It must be noted that only the high-ability agent
is capable of successful completion of the project. Moreover, only she may obtain a success
even with a low potential idea. Therefore, when the ability is unknown there is an incentive to
implement a low potential idea instead of experimenting again.

We will make the following assumption for mathematical convenience.
> (q+(1—qk)?>k (A)

Intuitively, this assumption implies that in case the agent has a low potential idea, the supervisor
finds it beneficial for the agent to experiment than to implement that idea (with the maximum
possible effort of 1). Further, an additional round of experimentation with feedback is preferred
to an additional round of experimentation without feedback. We explain these ideas further
when presenting the main analysis in Section 1.4.°

Payoffs: Completion of the project yields V. If the completed project is successful, it

yields a normalized value of 1, and zero otherwise. The payoff of the agent is given by

62
upg =V —-Tc— —
2
°This assumption helps simplify the proofs by providing sufficient conditions. In the absence of this assumption,
all our proofs go through but will be belief dependent, which makes them less obvious and more cumbersome.




where T is the number of rounds for which the agent has experimented. The payoff of the
supervisor is given by

ug = V.

The payoffs highlight the incentive misalignment between the agent and the supervisor. While
both players prefer success over failure, the agent alone bears the cost of experimentation and
implementation.

Once the payoffs are realized, the game ends. A summary of the timing of the game
is provided in Figure 1.1. We provide an alternate interpretation of the model and additional
examples in Section 1.5.3.

We now turn to the analysis of the game. Before we describe the behaviour of a strategic
supervisor, we describe the benchmark case in the following section without the supervisor.
We then introduce the supervisor in Section 1.4 and search for honest equilibrium feedback

strategies.
1.3 Benchmark: Single agent problem

In this section we look at a setting in which an agent works on the project without any
supervision. This preliminary analysis helps us put bounds on the behavior of the agent and
supervisor when they interact with each other. Two cases are possible — the agent does not

observe the potential of her idea, or she does so perfectly.

1.3.1 No information (NI) about 0

If the agent does not observe the potential of her idea § from attempting experimentation
at belief 5 and there is no outside support, then the two alternatives available to her are as

follows:

1. The agent can choose to not experiment and directly implement the project using the
outside option idea. In this case, the agent max, Ske — 5, which yields a maximized

(Bk)*
payoff of *=~.

2. The agent can choose to experiment once and then execute the resulting idea. In this
case, the agent max. f(q + (1 — q)k)e — % — ¢, which gives a maximized payoff of

[32(qu(;fq)k)2 e

Observe that the agent does not want to try experimenting more than once in this setting
because experimenting is an additional cost without any added benefit. She will not learn the
quality of the new idea and the odds of coming up with a high potential idea remain unchanged.

The only reason she might want to experiment once is to take the gamble of coming up with



a high potential idea. She will do so if her belief is high enough. This is illustrated in the

following condition:

expected benefit of experimentation cost of experimentation
2 2 2
+ (1 —q)k k
B(q (2 LIS (62) v oe 1
—— ~—~
opportunity cost  actual cost
which leads to the following lemma:'°
— k)2 —k2 . . . . .

Lemma 1.1. Let c < W. If there is no information about 0, there exists a unique

NI

threshold ,Bév = ( such that

2c )
(g+(1—q)k)?—k?

1. if the prior belief 51 > 5(1)\7 I then the agent experiments once before finishing the project

by exerting effort B1(q + (1 — q)k), and

2. if the prior belief 51 < ﬁé\”, the agent uses the outside option idea 0 = { to finish the

project by exerting effort B1k.

In the text we will also be interested in how Bév I responds to changes in the cost of
experimentation c. It is easy to see that a higher cost of experimentation raises this threshold as
it reduces the incentives to experiment ceteris paribus (see Appendix B for other comparative

statics result).

1.3.2 Full information (FI) about 0

When the agent can perfectly observe the outcome of each round of experimentation,
then she potentially wants to experiment at least once. This, as before, depends on her belief
about her ability. But now she uses Bayes’ rule sequentially to update her belief after observing
the potential of the idea from the latest round of experimentation in a way that

5 GgPet ifg, =,

1 otherwise.

As is standard in good-news models, the agent revises her belief downwards each time
she generates a low potential idea, but her belief jumps to 1 if she generates a high potential one.

The agent enters the implementation phase and finishes the project upon observing 6;_1 = ..

1A similar lemma with a belief threshold condition can also be obtained if the agent has no outside option idea.

(26)1/2
q+(1—q)k”
Obviously, BQJ T < B{". However, we make use of 33’ in the main analysis — we assume away the possibility of
quitting when there is no support from a supervisor.

Denote such a cutoff by Bf;f . Then it can be shown that such a cutoff exists and is given by BQ] =



At this point, she does not have an incentive to experiment further as she only bears an additional
cost without any extra benefit. She finalizes the project with the maximum effort of 1 which
leads to the project being successful with certainty, and yields a maximized payoff of % (the
previous cost of experimentation is sunk). Thus, independent of which round of experimentation
she is atif ,_1 = % then I}'/(8; = 1) = 1 is optimal with e/ (3, = 1) = 1.

On the other hand, after observing 6,1 = ¢ (with the agent observing low potential
ideas 0y = ¢ for all the previous rounds ¢’ < t — 1 as well) the agent holds a belief 5; < 1
about her ability. The agent again faces two choices — to implement the low potential idea or to
continue experimenting. If she chooses to implement her low potential idea then she chooses

2
@ where she exerts

the optimal effort to max, Sike — % This yields a maximized payoff of
effort 5:k according to her belief 3;. Depending on her belief 3; she might be a high-ability
agent with a positive probability of success. If she chooses to experiment once more, then with
probability B;q she comes up with a high potential idea and exerts maximal effort of 1 thereafter
to finish the project (from above). With probability 1 — 5:q she comes up with a low potential
idea and she faces the same decision problem but with a lower belief 3;11 < 8 < 1. Denote

the value function of the agent at the beginning of round ¢ with belief 5; when her last observed

outcome is 6;_1 = £ by V*(3;), such that

(Bik)? Brq
2 2

Ve(ﬁt) = max{ , —Cc+ —+ (1 - ,th)Ve(ﬂtH)} .

Assuming that the agent wants to start experimenting (the condition for which we will
outline below), we are interested in if and when the agent stops experimenting with repeated
low potential ideas. To do so, let the maximum number of rounds the agent experiments
be T'. The agent at belief 57 = [ after T — 1 rounds will attempt another final round of
experimentation knowing that irrespective of the outcome she will move to implementing her

idea in the following round. So

2
V(o) = max { U55 — et B - v
2
— e P gy = O
where
/ ( - q)B 0/l (ﬁ,k)Q
B = - and V*(B') = 5



which can be rearranged to

expected benefit of experimentation cost of experimentation
/ k 2 k 2
%%—(1—&]) (ﬂ2) > (62) + c . (C2)
S~ ~~

opportunity cost  actual cost

Lemma 1.2 follows from condition (C2) and captures the optimal behaviour of the agent

under full information about 6. (All proofs are presented in Appendix A.)

Lemma 1.2. If there is full information about 0, the optimal decision rule of the agent IF! is a

unique belief threshold rule such that

0 ifbi—1 =1L and B > BLT,

=
1 otherwise.
1.2
forc < (1(172]6). Further, the optimal effort that the agent exerts to implement her idea is given
by
T Brik  ifbr =1,

1 otherwise.

—_ 2 . . . .
When ¢ > q(127k) the agent does not experiment for any belief, and implements her outside

option idea with effort S1k.

Figure 1.2 plots the expected benefit from experimentation (LHS plotted in green) and
the cost of experimentation (RHS plotted in red) from condition (C2) for different levels of
beliefs . It illustrates the uniqueness result of Lemma 1.2 under the cost condition ¢ < q(%k%.
Note that both the benefit and the costs are declining in belief about ability. A lower belief in
ability means that the agent is less likely to get a high potential idea, which reduces the expected
benefit of experimentation. At the same time, for the same reason, it induces the agent to
exert lower effort when implementing the outside option idea, thereby reducing the opportunity
cost of experimentation. However, the fixed component c of the total costs of experimentation
ensures that the costs never go down to zero, which in turn guarantees the existence of the
unique threshold.

Observe that the optimal decision rule does not depend on ¢ but only on the belief 3,
which is a function of the potential of the last observed idea. For a given set of parameters, the

maximum number of rounds the agent experiments 7" is only defined by the prior belief 3;. The

agent wants to start experimenting with ideas if 5; > 6{ ! and goes on doing so with repeated
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low potential ideas as long as the belief hits B(lf I T is therefore determined by how far /3 is
from L.

It only remains to show how ﬁé? T varies with a change in parameters. Again, we’ll be
interested in how B{ ! responds to a change in the cost of experimentation. As expected, an
increase in the cost of experimentation raises the threshold belief 3 as the agent wants to

experiment fewer rounds now (for any prior).

1.3.3 Comparing 5}/ and gL

Lemma 1.3. Ifc < w, then both Bév I and ,Bg I exist and are unique with ﬂév >

FI
O .

Figure 1.3 illustrates why 8/ > BE1. 1t shows that for any belief 3 the value of
experimenting is always lower in the case when the agent has no information about her output
of experimentation. Experimentation is merely a gamble to try luck without any learning. This

makes the threshold for experimentation higher under the no information case.

1.3.4 An important definition

Before moving to the main analysis, we introduce some additional terminology that we
will use extensively in the following sections.

Given the no information and the full information belief thresholds 5§ forz € {NI, FI},
define recursively a sequence of belief thresholds {37}9°, such that 0 < 37 < 1 and

S = %{Bf) Starting with the threshold 3§ the sequence identifies 37, the belief

that leads to 35 when the agent correctly finds out that her idea has a low potential to succeed,
and so on. Therefore, 37, ; is the belief which when updated with the correct information about
a low potential outcome leads to the belief 37, and this is recursively defined all the way down

to the belief 7.
1.4 Strategic supervisor

1.4.1 Preliminaries

The game between a strategic supervisor and an agent in Stage 1 is one of dynamic
cheap talk. The supervisor can costlessly send either of the two messages independent of the
true potential of the idea. Our solution concept is (perfect) Bayesian Equilibrium.

To define the strategies of the agent and the supervisor at any time, we would need to
define the history for each player when they are called upon to make a decision. Round ¢ begins
for the agent after having observed the last message sent by the supervisor m;_;. Accordingly,

a realized history for the agent includes the set of all previous messages sent by the supervisor
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until and including the last message m;_; and the sequence of past decisions made. Round ¢
begins for the supervisor after observing the last idea of the agent 6;. Accordingly, a realized
history for the supervisor includes, in addition to the history viewed by the agent, the sequence
of all the realized idea potential from the past experimentation.'!

For most of the paper, we focus on pure strategy equilibria and limited recall, i.e. we are
interested in whether the supervisor is honest with the agent when he can only send a message
about the last idea generated. A pure strategy for the supervisor in round ¢ is a mapping from
the realized history to the message space {/, & }. The supervisor is honest with the agent if for
any realization of the history the supervisor sends a message that matches the observed potential
of the idea. If the supervisor reveals to the agent the outcome of her last experimentation in

round ¢ starting from a prior 3; the agent’s updated posterior in round ¢ + 1 is as in the full

information case:

¢ (1—q)B: .
=-——"—ifmy =/ ,and (1.1
P 1—qp '
BfﬁrT = 1 otherwise. (1.2)

If the supervisor uses the same message independent of the realized history the supervi-
sor is said to lie or babble (see footnote 12). In this case the agent’s posterior belief is the same
as her prior belief. We will assume that when the supervisor is expected to lie the agent does
not consult the supervisor. This rules out the possibility of the supervisor privately learning and
not revealing to the agent the outcome, and the arising deviations.

Given our focus on pure strategies and that the two players share a common prior , the
agent and the supervisor symmetrically update their belief on the agent’s ability. If the agent
stops experimenting (and implements her last idea) because the supervisor is babbling, neither
the agent nor the supervisor have any new information. There is learning only insofar as the

supervisor is honest.

et It = (I1,...,I;) and m" := (ma,...,m) be the sequence of decisions made by the agent and the
public messages given by the supervisor until round ¢. Define the set of histories for the agent and the supervisor at
the beginning of round ¢ by H;* and H; respectively. The history for the agent at the beginning of round ¢ is

R = (""" m™ Y e HY ¢ ({0} x {6, R}TH).

This is also the public history of the play of the game up to round ¢. In addition to the public history, the supervisor
observes 6 := (6, ...,0;) and an extra decision of the agent to experiment I, = 0. The history for the supervisor
at the beginning of round ¢ is

hi = (0", 1,,h;') € Hy € ({6, A} x {0} x {¢, A} 7).

12



1.4.2 Analysis

What feedback strategy the supervisor employs will depend on how he expects the
agent will respond to it, both in the experimentation phase and the implementation phase. We
begin by discussing the obvious babbling equilibria. Babbling is always an equilibrium for any
prior 1 in the first stage of the game. The agent does not learn about the true potential of the
last idea as the supervisor is always expected to send the same message. This is equivalent
to the single agent decision-making problem without advice and Lemma 1.1 applies. Thus,
the agent experiments once before finishing the project if 1 > Bév I otherwise she uses the
outside option idea to finish the project. Neither supervisor type can profitably deviate from
such an equilibrium given the beliefs. The supervisor sends meaningless messages, the agent
correctly believes that there is no information content in the recommendations and she makes
her decision only on the basis of her prior belief.'?

In what follows we determine if there exist any pure strategy equilibria in which the
supervisor is honest, and under what conditions. The approach will be to determine the existence

for different ranges of beliefs starting with low ones. '3

Proposition 1.1. For any belief 3 < 65 I any communication strategy is an equilibrium and

none induces the agent to experiment.

From Lemma 1.3, we know that 857 < B{'!. The region of beliefs 8 < Bt < g1 is
the one in which the agent does not want to experiment with ideas independent of how much
information is provided to her. So all communication strategies are equally informative to the
agent and are an equilibrium. The agent does not consult the supervisor in any equilibria as she
is very pessimistic about her ability to come up with a high potential idea. She does not want to
bear the cost of experimentation at such low beliefs. She simply implements her low potential

outside option idea # = ¢ with an effort Bk.

A concern when evaluating whether the supervisor can be honest for higher beliefs will

'2 When the supervisor babbles, it might be useful to think of babbling in mixed strategies rather than in pure
strategies (see description of mixed strategies in Appendix A). A supervisor babbling in mixed strategies makes
use of both the messages in equilibrium, and the posterior (; after either message remains unchanged. There
are also babbling equilibria in pure strategies. Say the agent conjectures that the supervisor only says m = #
on-the-equilibrium path. We have that Pr(m = #|0 = ) = 1 — Pr(m = £|@ = {) and a potential babbling
equilibrium. While there is no update of beliefs on path, the message m = ¢ is off path and we would need
to specify beliefs in the information set following this message. Such an equilibrium is supported by any belief
/anfpath c [O,ﬂl)

BThe proofs will be presented in terms of a generic belief 5 wherever possible. The intuition is the same —
whether the agent starts out in the given range with a low potential outside option idea or whether she lands there
after continued experimentation (and ending up with a low potential idea that she is aware of), if she finds herself
there her behavior is the same. If she finds herself in any of the ranges with the knowledge that her idea was definitely
a high potential idea, then she will always immediately implement her idea by exerting effort 1.
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be what he thinks is the possibility of the agent experimenting again after a negative message.
As in the the full information case outlined in Section 1.3.2, the agent experiences a decline
in both the benefit and cost of coming up with a new idea after receiving a truthful negative
messages. With continued discouragement the agent must stop experimenting at belief B(lf I
However, the supervisor’s payoff is contingent on the agent’s success. This implies that the
he faces a discontinuous drop in the benefit of being honest at 3¢/, whiile the cost is that the
agent exerts a lower effort in implementation. Our first main result and proposition builds on
this intuition. It defines the range of beliefs for which the cost of being honest are higher than

the benefits.
Proposition 1.2. For any belief ,6’(1): I'< B < BN, babbling is the unique equilibrium strategy.

The intuition for this proposition is illustrated in steps using Figure 1.4.14

We begin by showing that babbling must be a unique equilibrium strategy of the
supervisor in the range of priors 3t/ < 8; < ¥ (see Step 1 of Figure 1.4). In this range
of priors, a message about the idea being low potential if expected in equilibrium must lead
to a posterior about ability 65 < 5{ . At this point the agent does not want to experiment
any more (from Proposition 1.1). Moreover, after experimenting and learning that her idea
had a low potential to succeed she reduces her effort when implementing the idea. As a result,
the expected probability of success further reduces with the low potential idea. This leads the
supervisor observing a low potential idea to deviate from honesty and always send a positive
message instead.

A positive message is believed by the agent pushing up the posterior of the agent to 1.
The agent best responds by implementing the chosen idea with the maximal effort of 1, which
increases the expected probability of success with a low potential idea. The supervisor is at
the very least able to extract a higher effort on a low potential idea by deviating. Thus, no
equilibria in which the supervisor is honest will survive — babbling is unique in this range of
priors. In such a babbling equilibrium, the agent best responds by not experimenting because
this is identical to a situation with no supervisor and 3; < Bév I (from Lemma 1.1).

Now, in Step 2 consider the range of priors which when updated with negative messages
lead to posteriors below 3{/. The same argument as the one highlighted above holds because
such low posteriors lead the agent to implementing the low potential idea with a lower effort.
This time because the supervisor is expected to babble if updated with an honest discouraging

message. Therefore, an agent expecting information can be taken advantage of by supervisor

“Here we discuss the intuition of why honesty cannot be an equilibrium strategy but the proposition is stronger.
The argument will also hold to prove that no informative equilibria will survive in this range of beliefs. Our proof in
Appendix A presents a general proof that allows for mixed strategies as well.
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type who has only observed low potential ideas. This kills honesty and only the babbling
equilibria survive. The same logic can now be extended all the way up to all the prior beliefs
which when updated with a discouraging message about the idea lead to posteriors below 33!
Below Bév T the agent does not want to experiment when no information is provided by the
supervisor. Such is the case for all prior beliefs 3; < 41¥/ (illustrated in Step 3).

The total communication breakdown between the supervisor and the agent in this range
of beliefs is driven by the fear of the supervisor to discourage the agent to the point of no further
experimentation. This is why we call this region of beliefs as those in which the agent has a
low self-opinion. When he sees that the agent has produced a low potential idea the supervisor
finds it beneficial to cajole the agent by calling it a high one, so that at the very least the agent
exerts a high effort to implement a low potential idea. But lying is counter-productive as the
agent expects the supervisor to only provide fake encouragement; neither does she consult the
supervisor nor does she experiment.

This region of beliefs 3}/ < 3 < B! where the agent has a low self-opinion reflect
pure inefficiencies in the supervisor-agent relationship. From Lemma 1.2 we know that the
agent would continue experimenting with ideas until she produces a high potential idea for
beliefs 5 > Bg ' if she receives honest feedback. At the same time, the supervisor is also
(always) better off with repeated experimentation until a high potential idea is produced. But
neither can achieve this better outcome because the supervisor is unable to commit to honestly
revealing the result of the agent’s experimentation. Even though the agent is willing to listen to
honest feedback, her reaction to negative feedback is too extreme from the supervisor’s point
of view. If the agent must give up, he prefers she exert the maximum effort instead. Such
inefficiency will be a feature of any communication equilibrium we can construct as babbling is
unique. The supervisor cannot offer any information in equilibrium.

The extent of babbling and that of the resulting inefficiency is determined by the gap
between B{ I and B{V I which is a function of the parameters. An increase in the cost of
experimentation (c) increases both these thresholds and causes babbling for even higher beliefs
(and also no experimentation for higher beliefs). An increase in the probability of generating
a high potential idea (q) reduces the region of babbling. An increase in the success rate from
implementing a bad idea (k) can decrease the inefficiency by reducing the babbling region as it
makes the agent want to experiment more without supervision by reducing ﬁév I

Note, however, the difference in the agent’s best response to such an uninformative
strategy of the supervisor. Since the supervisor babbles in the entire region of beliefs below

BN, from Lemma 1.1 the agent best responds by not experimenting in the region below B(])V 1
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and by experimenting once in the region between ﬂév Iand ,B{V I This produces an added source
of inefficiency when she experiments in this region i.e. when the belief is above 33’/ but below
BIN1. In this case, the agent exerts an inefficient level of effort to implement the idea as she is
unable to observe the potential of her idea without honest supervision. She exerts more effort

on a low potential idea and a lower effort on a high potential idea.

We are now in a position to determine if there are any honest equilibria. The possibility
of honesty opens up for beliefs 3 > ﬁ{v ! because the agent is now willing to experiment at least
once without the supervisor’s support. This happens in the region of beliefs between Bév I and
BIVI. The previous threat point for the supervisor now potentially disappears as the supervisor
can guarantee that the agent will experiment even when she is discouraged. In this sense, we call
this the region of high self-opinion. We are now in a position to analyse whether this one extra
round of experimentation (without the consultation of the supervisor) and a high self-opinion is

sufficient for the supervisor to be honest.

(rk)

Proposition 1.3. For c > %%2 where Kk = m and forallt > 1,

1. truth-telling is an equilibrium strategy for the supervisor for 5y > B{V I and
2. babbling is the unique equilibrium strategy for the supervisor for By < ﬂ{v I

The agent’s equilibrium strategy is given by

0 ifme1=4Land B> BT, or BT < By < BT,

1  otherwise.

The agent’s optimal effort is given by

1 l'fmt_l :fb,

Bi(qg+ (1 —q)k)  otherwise.

Proposition 1.3 identifies the necessary and sufficient condition for an honest equilibrium
to arise in the entire region above babbling equilibria, i.e. one of high self-opinion. This is
shown to be when the agent’s cost of experimentation is sufficiently high. To see this, let us
first look at the supervisor’s incentives to be honest in the region of priors 31V < 8; < BV,
Here the agent experiments once even when discouraged. At most the agent’s belief can fall
down to Bév I after a negative message. The supervisor is then willing to discourage the agent

with a negative message only if he can ensure that even after discouragement the agent does not
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reduce her effort significantly. In the absence of further supervision, he can only expect a higher
expected probability of success if she exerts a high enough effort in implementation.

A supervisor who has observed a low potential idea expects the project to be successful
with probability (34(q + (1 — q)k))? from being honest. After receiving a message m; = /, the
agent correctly believes her current idea has a low potential to succeed and experiments once
again but does not seek supervision because the supervisor is expected to babble. In this case,
the agent then implements the next idea with effort e = 3%(g + (1 — ¢)k). On the other hand, if
such a supervisor deviates from honesty and announces m; = 7, then he expects the probability
of success to be Bék. The agent incorrectly believes that her idea had a high potential to succeed
and exerts effort of 1 in implementing a low potential idea. For such a conjectured strategy to

be an equilibrium, we must have that

(B5)*(q+ (1 — q)k)?* > Bk
k

.__ ptruth
PT S R s T

= B >

Thus, the supervisor requires agent’s belief to be sufficiently high even after discouragement,
which in turn requires the prior to be large enough. This ensures that the agent exerts a higher
effort in implementing her idea of unknown potential. We call this truth-telling threshold on
prior 3,

The truth-telling threshold 5™ is a conditional threshold. It identifies how high the
prior should be such that the supervisor has an incentive to reveal the truth about the agent’s
negative outcome if the agent experiments again without supervision following the negative
message. The supervisor does not directly care about the agent’s cost of experimentation in so
far as she attempts to experiment again with an idea. So ™™ does not depend on c.

Now all we need to do is identify whether the range of priors we are considering
delivers honesty by the supervisor, that is we are interested in if 3™ < 3N1. Specifically, if
pruth < BNT then truth-telling is an equilibrium for the full range of beliefs above 31¥! and up
to BV If this condition is satisfied, the supervisor has an incentive to be honest because the
prior is sufficiently high given the parameters. As outlined above, 5™ does not depend on the
cost of experimentation ¢ while ,B{V T does. The one free parameter can be used to determine if
truth-telling is an equilibrium. The condition ™" < 3N can then be rearranged to
kk — (kk)? k

where Kk = —————— < 1.

‘=T (¢ + (1— k)

Intuitively, a lower bound on the cost of experimentation ensures that the agent’s
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no information thresholds /Bév I and B{V I are high enough. Thus, when the agent decides to
experiment and consult the supervisor her belief in her ability is already high. The supervisor can
then be content with revealing the truth about low potential ideas to the agent. Discouragement
does not lead to quitting with low effort; the agent still experiments once more and does so by
exerting a sufficiently high effort. While the conditional truth-telling threshold 5™ is not a
function of the cost of experimentation ¢, whether truth-telling is an equilibrium depends on it.
An increase in the cost of experimentation raises the threshold 6év I (increasing the region of
babbling) but has no effect on 3™, making it easier to satisfy the condition ™" < N1 and
ensuring truth-telling above 3{V7.

We are now only left with determining why if the supervisor is honest in the range of
beliefs B{V I'<p < ﬁév ! then he should be honest in the range of beliefs above Bév I For
expositional convenience start now with the range of beliefs B! < 3; < 5§V I when it is
an equilibrium for the supervisor to be honest in the next lower range of beliefs. Consider
whether a conjectured strategy of honesty is an equilibrium for the supervisor. A supervisor
who observes a low potential idea can induce another two rounds of experimentation by being
honest at this stage, one with supervision and one without. If, however, he deviates he induces
the agent to exert maximal effort in a low potential task. Under assumption (A), the payoff from
being honest are strictly higher than that from deviating as it is evaluated relative to his private
updated belief ﬁg. The same line of reasoning can then be extended to any belief above ﬁév I as
well so that the supervisor always prefers honestly discouraging the agent and getting her to
experiment more often than making her implement a low potential idea.

kk—(rk)?
2

What happens when ¢ < ? The following corollary identifies the honest

equilibrium.

Corollary 1.1. When ¢ < M, ,BJNI < prruh < ﬁj\f,_ll exists such that for all t > 1 for

i>1
1. truth-telling is an equilibrium strategy for the supervisor for 3; > ("™ and
2. babbling is an equilibrium strategy for the supervisor for B; < .

The agent’s equilibrium strategy is given by

0 if my =10 and B; > ™", or B < By < BN,

1  otherwise.
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The agent’s optimal effort is given by

1 lfmt—l :ﬁ’v

Bi(q+ (1 —q)k) otherwise.

In this case, ST > /B{V I"and can lie between any 5§\f I'and Bj]-\_fl. We can then again
construct an honest equilibrium above 5™ and a babbling one below. That all of these beliefs
are above ﬁév I ensures that the agent experiments once more when a low potential idea is
revealed to her in the presence of future babbling and makes such a strategy an equilibrium.The
two cases discussed here are depicted in Figure 1.5.

It is worth emphasizing at this stage the key intuition driving the results in Propositions
1.2 and 1.3. What action the agent chooses depends on whether she thinks she is capable of
drawing a better idea, and the expected strategy of the supervisor. If the agent has produced a
low potential idea , the supervisor needs to incorporate the downwards effect that his negative
message has on the belief about her ability. A lower belief discourages the agent at two levels.
First is the discouragement to experiment, i.e., stopping experimentation too early. Second is
the discouragement to implement, i.e., exerting low effort in implementing the idea. The second
effect always exists. However, the low self-opinion arises when it is also matched by the first
effect. On the contrary, the possibility of a high self-opinion phase arises when the first effect is
not present.

We conclude this section by presenting an important corollary and our second main

result.
Corollary 1.2. The expected performance of the agent is better under a higher self-opinion.

To see this, first note that the supervisor induces a weakly higher number of rounds of
experimentation under a prior 3 > 3. If 55\7 I'<p< ffl, then either @N I'<p<p < j]'\—[i-ll
or 3 > ]J-\fl. In the former case, the agent experiments an equal number of rounds under the
two beliefs. However, in the latter case, the agent experiments more often under belief 5’ than
under 5. The reason is that it is easier to support the mutual expectation of honesty and repeated
experimentation under a higher belief so that the agent experiments weakly more often under
g

However, this has consequences on the agent’s overall performance. Honest feedback by
the supervisor allows the agent to match her effort more closely to the actual potential maximiz-

ing the probability of success. If the agent abandons seeking supervision (and experiments one

final round) in the kth round under belief 3, then she should still be seeking honest supervision
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in the round % under belief 5. While the agent with belief 5 exerts an inefficiently low amount
of effort in a high potential idea in round k, an agent with 3’ will exert the efficient level of
effort of 1. An inefficient level of effort reduces the probability of success in a high potential
idea.

Finally, if the idea in round k is a low potential one, then an agent with lower belief
exerts an inefficiently high level of effort in its implementation while the agent with a higher
belief experiments again. Therefore, there is a magnifying effect of a higher belief that results
from the combined effect of better experimentation and better implementation. Conditional on
being high-ability, an a priori better agent who has a higher belief in her ability does better in
expectation.

It is also worth noting that in this context an a priori better agent (who has a higher
self-opinion) will face more “criticism” from the supervisor for the same reason. An agent
with a higher belief in her ability receives discouraging messages more often conditional on
producing the same number of low potential ideas. However, the agent’s incentive to experiment
more often arises precisely out of the supervisor offering honest criticism. In equilibrium, an
agent with a higher belief expects to receive honest feedback more often and is therefore willing
to experiment more often. In return, the supervisor expecting more experimentation offers
more honest feedback to the agent. When the agent’s belief is lower, he fears to discourage the
agent with negative messages. In this sense, an agent with a higher belief is more receptive to

criticism, and that increases her chances of being successful.

1.4.3 Welfare analysis

The previous result (Corollary 1.2) only talks about the benefit of a higher self-opinion.
However, the agent also pays a higher cost under a higher self-opinion owing to the aforemen-
tioned magnifying effect. This particularly hurts a low-ability agent who only pays a higher
costs of experimentation and/or implementation under a higher belief.

The first part of this section shows that the above is not a concern even when evaluating
the agent’s welfare under a higher self-opinion. We show, through a series of lemmas below that
the ex-ante expected utility of the agent is always higher under a higher belief.!> The reason is
that under a higher belief the agent places a greater ex-ante weight on being high-ability and
believes that she is less likely to find herself in the worst situation.

The second part of the section then analyzes if holding an incorrect higher belief

could also be welfare improving. Surprisingly, we show that this is possible. The reason is

5The supervisor is always better off with a higher self-opinion agent because in expectation such an agent
performs better. At the same time, the supervisor doesn’t have to bear any costs.
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the discontinuous change in the supervisor’s feedback strategy as he goes from babbling to

honesty. ¢

Welfare effect of a correct increase in self-opinion

Lemma 1.4. Any increase in the prior from (3 to 3' within the region of beliefs B{'T < 8 <
B < BN Bt < B < B < B, andﬁJNI <B<p < Bﬁllforj > 1 is welfare improving

for the agent.

This lemma relates to increasing the beliefs of the agent in such a way that only the
cost of exerting effort increases in the eventuality that the project is implemented with a low
potential idea or after not seeking supervision. In such a situation, welfare may increase on
account of better implementation (because of higher effort) but may reduce on account higher

costs of implementing.

Lemma 1.5. An increase in the prior from the region 51 < 5 < B! to the region B! <

B < BN is welfare improving for the agent.

When the belief increases in such a manner, the agent is expected to conduct a costly
round of experimentation which she did not earlier. Moreover, she is not expected to receive any
feedback in this round. At the same time, her optimal effort choice increases unambiguously
which is both more costly and more beneficial in expectation. From Lemma 1.4, we know that
increasing the effort is always welfare improving when the belief increases. In addition, the
increase in belief also makes it worthwhile to conduct experimentation without supervision

from Lemma 1.1. This leads to an overall increase in welfare.

Lemma 1.6. Let 2¢ < q(1 — (¢ + (1 — q)k)?). An increase in the prior from 3 = j]-\j_ll —€to

B = ]]'V+11 is welfare improving for the agent.

Finally, this lemma establishes that just pushing up the belief from an arbitrary region
ij I'<p< Bj\fl to the next region J]'\Jfrﬂ <p < é\fz is welfare improving. In doing so, the
agent is expected to pay not only an additional cost of experimentation c but also that of some

minimal increase in effort cost in the event of implementing without supervision.

Proposition 1.4. Let 2¢ < q(1 — (q + (1 — q)k)?). An increase in the prior from B to (' is

welfare improving for the agent.

The above proposition combines the information from the three lemmas and concludes

that any increase in prior is welfare improving. This highlights the importance of agent’s

2
15We prove all the statements here assuming that ¢ > M or that the truth-telling threshold S™" < N7,

However, this is not required as the proofs go through with a higher 5™" as well.
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self-opinion — the agent’s confidence in her ability is critical for the overall success of the

project.

Welfare effect of overconfidence

Still more interesting is to explain the effect of overconfidence in our environment. To
introduce the notion of overconfidence, consider the following. Let the agent and the supervisor

hold a common prior belief 5 about the agent’s ability when the true belief is b.

Definition 1.1. The agent and the supervisor are overconfident about the agent’s ability if

8 >b.
Under the above definition of overconfidence, we prove the following proposition:
Proposition 1.5. Overconfidence is sometimes, but not always, welfare improving.

To understand the intuition, consider the welfare of the agent when the correct belief is
b = B! — e but the common prior is 3{¥7. In such a situation, her overconfidence will drive her
to experiment once with a round of honest feedback by the supervisor (and then potentially once
more without any feedback). This would not have been possible under the true belief wherein
she would have simply experimented without any feedback. However, the discontinuous benefit
that arises from the change in supervisor’s feedback strategy at a higher belief (i.e. receiving
honest feedback) outweighs the additional cost that the agent pays for an additional round of
experimentation.

In fact, she is able to reduce her inefficient cost of implementation when the supervisor
honestly reveals that her idea was a low potential one under the overconfident belief. To see this
note that under the true belief she would exert (31 — ¢)(¢ + (1 — q)k). Whereas under the
overconfident belief she would exert 3)!(q + (1 — ¢)k). Thus, overconfidence (and holding an
incorrect self-opinion) can be welfare improving.

However, the above argument relies on the discontinuous change in behavior of the
supervisor at the threshold. It then follows that when the supervisor’s behavior does not
change, there might not be a benefit of being overconfident. To illustrate this, we show that
overconfidence is welfare reducing when the common prior is 3! but the true belief is any
b < B(])V I In such a situation, holding the incorrect belief only adds to an added cost of
experimentation and implementation without any corresponding benefit. Contrasting this with
Lemma 1.6, it is immediate to see that overconfidence is different from a correct increase in

belief.

1.5 Extensions

22



1.5.1 Benevolent supervisor and time-constrained players

We start out by discussing what happens when the supervisor also bears the cost of
experimentation and implementation. In some situations, it is possible that a benevolent
supervisor partially internalizes the costs borne by the agent. Such internalization may arise
from the expert’s (i.e. the supervisor’s) prior experience from when he as an apprentice (agent),
or simply because he works on the project with the agent.

For the two players i € {A, S}, agent (A) and supervisor (5), let the cost of experi-

mentation be ¢; and the cost of implementation be %“"2. The difference between these costs
for the two players captures any preference conflict between them. In so far as cg < c4 and
¢s < ¢4 = 1, the preference conflict persists. For a given (cg, ¢g) > 0, there will be a
“full information” threshold for the supervisor as well. Call this threshold Bgol . This reflects
the preferences of the supervisor and determines what are the maximum number of rounds
the supervisor desires the agent to experiment (or the belief threshold equivalently) with full
information about the potential of the ideas.

In the limiting case of cg = ¢g = 0 studied in the main text, this threshold did not
exist — the supervisor wanted the agent to continue experimenting with complete information
until she ended up with a high potential idea. However, when cg < c4 and ¢s < ¢ 4, we have
ng < ﬂ% so that the supervisor would still like the agent to experiment more than she would
like. In this case, all our results from the main text go through as the fear of discouragement
and the agent abandoning experimentation still persists.

One possible interpretation of such a situation are time-constrained players. To keep
things simple, let g = ¢4 = 1 so that the supervisor fully internalizes the time cost of
implementing to the agent. Now let cg denote the time cost that the supervisor pays for
providing feedback to the agent. This could happen when the supervisor has some alternate
tasks to perform or requires time to understand the true potential of the agent’s ideas. The

following proposition follows from our discussion.
Proposition 1.6. Let pg = ¢4 = 1.

1. If cg < ca then Propositions 1.1, 1.2 and 1.3 capture the optimal strategies of the agent

and the supervisor.

2. If cg > cy then the supervisor offers honest feedback until he reaches the belief ﬁgol and

the agent experiments with ideas till that point absent a high potential idea.

The intuition is as follows. When the supervisor is time-constrained, he cares both

about the success and about costly supervision from the agent experimenting in pursuit of
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success. In turn, this eliminates the fear of discouragement. Notably, now it is more costly
for the supervisor to keep offering feedback beyond a point over letting the agent implement
a low potential idea. We can then get honest equilibria for some additional ranges of beliefs.
Thus, a more time-constrained supervisor can potentially offer more honest feedback. The next

corollary identifies the condition that makes this possible.

Corollary 1.3. Let o5 = ¢4 = 1. If cg > ca such that Bgol < BN then the region of beliefs

where honest equilibria exist is larger in the case of cg > ca than cg < ca.

Observe that in the case of cg < c4 honest equilibria exist in the region of beliefs
above B{V ! (depending on c¢4). But from the above proposition, honest equilibria in the case of

cg > ca exist starting from BL].

Thus, the latter case provides the possibility of more honesty
if Bgof < BN, However, since there is no closed form solution of ﬁgof , it is not straightforward
to translate this into a condition with only the costs.

Finally, note that if the supervisor does not internalize the cost of exerting effort, there
is no benefit (in terms of more honest equilibria) of even partially internalizing the costs of

experimentation.

Proposition 1.7. If o5 = 0, then the equilibrium strategies are given by Propositions 1.1, 1.2
and 1.3.

To understand the intuition, let cg = c4 and consider whether honesty is an equilibrium

strategy for 84!

<B<p i{ (after all, if the supervisor internalizes the full cost of experimen-
tation then the belief thresholds should match). At this belief, if the supervisor is expected to
be honest, then following a negative message the agent abandons experimentation and exerts a
low effort level on the idea. If instead, she receives a positive message, she exerts 1 on her idea.
Now, for a supervisor who has seen a low potential idea and does not internalize the cost of
implementation, there is a strictly positive deviation to giving a positive message. This breaks
down the honest equilibrium (and the existence of 357).!7

The issue arises here because the supervisor wants the agent to exert the maximal effort

independent of the potential of the idea produced. The supervisor fears discouragement leading

to lower effort in implementation which precludes honesty.

1.5.2 Perfect recall of previous ideas

Here we describe what happens if the agent and the supervisor have perfect recall of

all the previous ideas. In such a situation, the supervisor can potentially make announcements

Tt is possible to derive a belief threshold above which the supervisor is expected to be honest in equilibrium
for a generic ¢s and given cs and ca. This is necessarily different from L because that is contingent on the
equilibrium best response of the agent to the supervisor’s strategy.
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about each of the previous ideas after each round of experimentation. Given our attention to
pure strategies, there are two kinds of honest and informative strategies that a supervisor may
employ: immediate honesty and delayed honesty.

In the immediately honest strategy, the supervisor reveals to the agent the outcome of
her experimentation immediately after she experiments. This is implicitly what we assumed all
throughout Section 1.4. In a strategy of delayed honesty, the supervisor provides uninformative
messages for certain rounds and then reveals honestly some or all the previous outcomes.
Observe that a variety of delayed honesty strategies are possible — the supervisor may babble
for any arbitrary number of rounds and then provide information for any arbitrary number of
those rounds, and this may change over time. If the supervisor reveals to the agent the 7/ < 7
outcomes of her experimentation after 7 rounds starting from a prior 3; the agent’s updated

posterior in round ¢ + 7 is

T

(1-

q) /515 . ,.
Bf+ = T if my; = £ for all 7' ideas, and (1.3)
T 1-B Y (g
BfL+T = 1 otherwise. (1.4)

The case of 7 = 7/ = 1 corresponds to immediate honesty where the agent expects the
supervisor to reveal the outcome of the experimentation immediately after each round of
experimentation. All other cases fall under delayed honesty.

In case the supervisor is expected to babble, the agent’s posterior belief is the same
as her prior belief. We will assume that when the supervisor is expected to lie about an idea
the agent does not consult the supervisor regarding that idea. This rules out the possibility of
the supervisor privately learning and not revealing to the agent the outcome, and the arising
deviations.'®

Note first that the result of Proposition 1.1 remains unaltered. If the agent does not
want to experiment with an immediately honest strategy, she does not want to experiment with
a delayed honesty strategy. By experimenting when the supervisor is expected to reveal the
outcomes after a delay, the agent only bears a higher cost of experimentation to receive feedback
when she is almost convinced that she cannot produce a high potential idea. Thus, implementing

the outside option is the best response of the agent, and all strategies of information revelation

are an equilibrium.

18 A formal definition of strategies in this case is complicated. But it is easy to describe what a strategy for the
two players are in words. A strategy for the supervisor when the agent consults him in round ¢ is a mapping from all
the ideas she observes to the set of messages, one for each round of experimentation. A strategy for the agent in
round ¢ is a mapping from the observed messages to a decision to experiment again or implement. If she decides to
implement, she must also decide which idea to implement given the message history.
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Corollary 1.4. Under perfect recall of ideas, for any beliefﬁgl <B< ﬁ{\”, babbling is the

unique equilibrium strategy.

The result of babbling being a unique equilibrium in the region of beliefs 3}/ < 3 <
BN even under perfect recall follows almost directly from Proposition 1.2. To illustrate this
point, start again with a prior belief Bg I' < B < BfL. In the absence of commitment, a
supervisor who observes only low potential ideas from all the experimentation rounds (after
delaying) is tempted to deviate and call any arbitrary idea a high potential one. This is for the
same reason as before — when such a message is believed, the agent exerts maximal effort on
such an idea assuming it is a high potential one. The supervisor gains from such a deviation
because he increases the effort of the agent on a low potential idea in the absence of more
experimentation. As a result, babbling is the unique equilibrium and the agent best responds by
implementing the low potential outside option idea. The same reasoning can then be extended
to all the beliefs which when updated with a negative message lead to the agent abandoning
experimentation (as the supervisor is going to babble in the following round). This happens all
the way up to the belief B{V I as before.

For beliefs above 51!, we have already identified the condition for immediate honesty
to arise in Proposition 1.3. It is, however, possible to have other equilibria with some delayed
honesty. We identify here a critical feature of such equilibria (if they exist) that allows us to

compare it with the immediately honest equilibrium.

Observation 1.1. In a delayed equilibrium, the supervisor can only induce as many rounds of

experimentation as the ones for which he provides honest feedback eventually.

The above observation merely states that if the supervisor never provides feedback on
some rounds of experimentation that the agent performs, then the agent has no incentive to
experiment. Since the agent never consults the supervisor for rounds in which he is expected to
babble, there is no benefit to the agent from experimenting these extra rounds. This allows us to
focus attention on those strategies in which the outcome of all the rounds of experimentation is

eventually revealed.

Proposition 1.8. The number of rounds of experimentation that an equilibrium strategy of
delayed honesty induces can be no more than that induced by the equilibrium immediate honesty

strategy.

What matters when evaluating the supervisor’s incentive to be honest at the time of final

revelation is the belief from truthfully announcing that all the ideas produced are low potential.
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Say that the belief after such a revelation at round 7 is 3. This belief can be in one of the
following three ranges: B2 > N1, BN < gt < N1 or BL < BT (See Figure 1.6).

Observe that a terminal belief in the first and second range can also be attained by an
immediately honest strategy, which is also an equilibrium. For any prior (31, for the agent to
experiment more rounds than what she does under immediately honest strategy her terminal
belief after all the revelations should fall in the third case, i.e. Bf < ﬁév I However, we argue
that such a strategy cannot be an equilibrium. This is for the same reason as before — a supervisor
who has only observed low potential ideas will prefer to deviate and claim any one of the ideas
to be of high potential than inducing the agent to stop experimenting with a lower belief where
the supervisor only babbles. Thus, equilibrium experimentation possibilities under perfect recall

can be no more than those under limited recall.

1.5.3 Alternate interpretations

Our model more generally speaks to the following type of settings. An informed
sender of information (supervisor) communicates with a less informed receiver of information
(agent) who needs to take a costly action dynamically. Consider, for instance, an entrepreneur
who works on a project experimenting with ideas, privately observing their potential, and
implementing one of them. However, she relies on the finances of a venture capitalist (VC)
who pays for such experimentation and implementation. While the entrepreneur would prefer
to continue experimenting until she receives a high potential idea, the VC would like to cut
funding for experimentation when he is sufficiently pessimistic.

In such a setting, the entrepreneur is the supervisor, while the VC is the agent.!” Costs ¢
and e /2 are the money promised by the agent to the supervisor for experimenting with and
implementing ideas. Let o € {0, ¢} be the state of the project which is determined ex-ante and
remains persistent but potentially unknown to both the parties. € {¢, # } denotes the potential
of the idea produced by the entrepreneur. The VC decides in each period, whether to fund
experimentation for one extra round or force the entrepreneur to implement the last idea.

We then provide answers to the following questions: When can the entrepreneur credibly
release information? How many chances of experimentation can the entrepreneur extract from
the VC with her revelation strategy? Notably, our inefficiency result shows that even though the
VC would like to continue financing the entrepreneur’s experimentation and the entrepreneur
would like to continue experimenting, she calls off the project too early. However, there are

benefits to be had from the VC both correctly and incorrectly believing that the project is good.

Which player is the agent and which one is the supervisor is not determined by who is experimenting and
implementing, but by who holds the information and who pays for the action.
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1.6 Conclusion

In this paper, we showed how an employee responds to criticism influences whether
she receives feedback or not. Supervisors may not provide honest feedback to employees who
do not believe in their ability. In turn, this hurts their performance and potentially their future
careers. Moreover, it also hurts organizations as the supervisors provide inefficiently low levels
of honest feedback. In this sense, organizations should seek to hire employees that believe
in their ability to succeed. In fact, our model shows that overconfidence can sometimes be
welfare-improving.

Our results are based on a model of feedback provision in an agent-supervisor envi-
ronment. The agent experiments with ideas to try to solve a problem at hand and a supervisor
offers feedback on whether her ideas have the potential to be successful. We showed the
results for when the supervisor has no commitment power and uses cheap talk messages to
communicate with the agent. We identified the region of beliefs for which the supervisor could
only uniquely babble in equilibrium leading to inefficiency in the relationship. Driven by the
fear of discouraging the agent to the point of abandonment of experimentation, the supervisor is
not able to offer any credible information to the agent. We then showed if there are possible
equilibria in which the supervisor can honestly communicate his information to the agent. A
necessary and sufficient condition for honesty above the babbling threshold was found to be the
costs of experimentation being sufficiently high.

However, our analysis focused only on pure strategy equilibria. The problem involving
mixed strategies is a complicated one that requires determining how the agent responds to the
current message when, in the future, there can be more mixing. Our work shows the further
scope of looking at mixed communication strategies in such dynamic environments in the
absence of commitment. One may also think of introducing new complications in the model

such as those involving different priors of the agent and the supervisor.
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Figure 1.4: Uniqueness of babbling equilibria for priors 51 < B{V I
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1.8 Appendix

A Proofs from the main text

We present general proofs in mixed strategies, wherever we can. The first section

provides some new mathematical notation for this purpose.

Mathematical notation for mixed strategies

We focus attention on limited recall of previous ideas so that when the agent experiments
one more round, she does not recall the previous ideas she has worked on. As a result, the
supervisor does not need to make back dated messages about all the previous ideas. A strategy
for the agent p; in round ¢ is a mapping from the last observed message to a possible mixed

decision to continue experimenting with ideas or implementing the last one . We let
me—
py Tt =Pr(ly =1]mu_1)

be the probability that the agent decides to implement the project following the last message.
Similarly, when the supervisor is called upon, a strategy for the supervisor o, in round ¢

is a mapping from the last idea to a possible mixed message about its potential. We let
O'tet = Pr(mt = 9,5 ’ et)

be the probability of the supervisor being honest about the potential of the observed idea.
Depending on the expected strategy of the supervisor, the agent conditions her action only on
the last message received.

Let the sequence 6 = {6?, ot }L, denote the conjectured strategy of the supervisor,
and let p = { ﬁfb, ﬁf }th1 denote the conjectured strategy of the agent. Given the conjectured
strategy of the supervisor, the agent updates beliefs about the two unknowns — her ability and the
potential of her previous ideas. The belief about her ability is 5;. Let the belief about whether

her idea was as announced by the supervisor be denoted by );. Observe that:

1. the public history ;" at the beginning of round  can be summarized by the current public
belief 5, about the ability of the agent and by the belief about the true potential of the last

idea produced \;, while

2. the private history of the supervisor A} at the beginning of round ¢ can be summarized by

the current private belief 3; about the ability of the agent.?”

2Note that we are currently not making any notational distinction between the private and the public beliefs about
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We can now informally describe the notion of equilibrium. We say that a pair of
sequences of conjectured strategies o and p constitute an equilibrium if (1) they are both the
best responses to each other given the beliefs 3; and \; for each ¢, and (2) the beliefs 3; and A;
are consistent with what the players are conjectured to do, i.e. o and p. Strategies expressed in
the text without a hat constitute an equilibrium.

When both the messages are expected in equilibrium, either one of the messages will
lead to a higher and the other to a lower ;, or B; remains the same with both the messages.
We will call the former informative strategy and the latter babbling (or lying) strategy. The
supervisor is expected to babble in equilibrium in round t — 1 if 6/ ;| = 1 — &{_,, i.e. when the
probability with which the supervisor is expected to reveal a true high potential idea is the same
as the probability with which the supervisor incorrectly calls a low potential idea a high one.
Thus, the agent is equally likely to get a positive or a negative message, and in turn does not
learn from the messages. When the supervisor is expected to be informative, we will assume
without loss of generality that he does so by increasing the posterior after a positive message of
my_1 = R (and the posterior beliefs fall after a negative message m;_1 = £). So, we assume
that 6?_1 > 1 — &f_, for informativeness.

We will restrict attention here to informative strategies in which o® = 1, i.e. the
supervisor always truthfully announces that the project has a high potential to succeed when
he sees so. The supervisor cannot credibly commit to lying when 6; = %. In any informative
strategy, a positive message m; = # should increase the posterior belief 5,11 of the agent.
When the supervisor sees #; = ., he has no incentive to discourage the agent. If discouragement
leads to another round of experimentation, then the supervisor faces the risk of abandoning the
current high potential idea and never getting a new one. Alternately, if discouragement leads to
implementation then she will do so with a lower effort. In neither case a supervisor who has
observed a high potential idea is better off discouraging the agent. Going forward, we assume

afL = 1, and with some replace of with 0. Then the posterior beliefs about ability is

¢ (1=q)B
B = 1= ah (1.8.A.1)
g = (1—6¢-1(1—q))Bi—1 (18.A2)

1 —64-1(1 — qfi—1)

where 3,"""" = Pr(ac = q|my_1) is the posterior belief of the agent about her ability after

ability. This is to keep things simple. The two will coincide as long as the supervisor is honest. When the supervisor
is not honest, the beliefs diverge only when the agent best responds to a dishonest message by experimenting again.
This plays a role only in checking for deviations when constructing other informative equilibria.
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receiving message m;_1 given the conjecture 6;—1. And

M=1 (1.8.A.3)
q
N = . (1.8.A.4)
E g+ (1 —6i1)(1—q)
where \;""™" = Pr(6;—1 = m¢_1|m¢_1) is the belief about whether the supervisor’s message

my_1 matches the true potential of the idea given the conjectured 7.

Thus, the value of a negative message under any informative strategy is the same as in a
truth-telling strategy. When an agent receives m; = ¢ then she can be sure that §; = ¢ and she
revises her belief about her ability downwards to the maximum extent. Under this condition, the
agent must decide what to do following a message of m; = % since a positive message cannot

be trusted.

Proof of Lemma 1.2

Proof. Part 1: Existence of ,8(1): I

For a given set of parameters, there is no straightforward closed form solution to the
equation in condition C2. We therefore need to establish the existence of belief threshold(s).
First, it can be verified that both the LHS and RHS of condition C2 are monotonically increasing

and convex in 5. We have

AV
8LHS:;1+(kﬂ) (2q) =0

op 2 B
2 201 _ )\2
8LI§S:k(1 q)3>0
op (1—Bq)
and
ORHS 9
P, >
a5 k>0
O°RHS
TBQ —_— k > 0.

Second, we show that if 2¢ < ¢(1 — k?) then the threshold belief 3t is unique.
Consider the range of beliefs 0 < 8 < 1. Since ¢ > 0 and LHS at 3 = 0 is zero, RHS cuts the
LHS from above at least once. Now, under the assumption 2¢ < ¢(1 — k?), it can be verified
that RHS at 5 = 1 is lower than LHS at 5 = 1. Since both LHS and RHS are monotonically
increasing, they must intersect at exactly one point. Call that belief B{f . Thus, ﬁg T exists and
is unique.

Third, we need to show that if there exists a unique threshold belief 37, then 2¢ <
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q(1 — k2). If there is a unique belief threshold then it must be the case that there is a unique
point of intersection of LHS and RHS in condition C2. Again, RHS cuts the LHS from above
because at 5 = 0 ¢ > 0. Therefore, given the monotonicity of the two functions, a sufficient
condition for uniqueness is LHS|3—1 > RHS|3—1. This gives § + (1 — q)%2 > %2 + ¢, which
can be rearranged to 2¢ < q(1 — k?).

Lastly, we need to show that the agent does not experiment when 2¢ > ¢(1 — k2). This
is so because then the RHS is always above the LHS, so that even experimentation once is not
beneficial. When 2¢ > ¢(1 — k?) we have that LHS|3—1 < RHS|s—;. Given that both LHS
and RHS of condition (C2) are increasing convex functions, a concern is that there might be
two points of intersection. However, it is easy to verify that the slope of the RHS is lower than
the slope of the LHS at both 8 = 0 and § = 1. This precludes such a possibility. Therefore,

the agent does not want to experiment when 2¢ > ¢(1—k?) as the RHS is always above the LHS.

Part 2: Optimal decision rule IF'!

Condition C2 is the condition for experimenting in the worst case scenario, that is when
the agent knows she is going to stop after another ¢ idea. Therefore, it follows that I7/ = 0 in
B> BETif 0,1 = ¢, i.e the agent continues experimenting.

Next, note that the agent cannot continue experimenting forever after ¢ ideas because
at the limit the value of experimentation goes to —c. This is so because at the limit the belief
about ability goes to zero while the cost of experimentation is a positive constant. Thus, what
we need to show is that the agent does not want to experiment even once when condition C2
does not hold, i.e. ItF I"— 1 for beliefs B < Bg T'if9,_; = ¢ is the optimal decision rule.

Suppose not. Say that for some belief B < /Bg I it does not pay to experiment just once
but it pays to experiment at least 7' times and then stop (Note from above, she does not want
to experiment forever). Now at round T — 1 when belief is BT~_1 it must be that condition C2
holds i.e.

(Bzk)® (By_1k)? e

2 = 2

B'f_lq
2

+ (1 - Bj“_ﬂZ)

But now since BT—l <fB< ,Bém I and we know that for any belief 3 < ﬂg I condition C2 does
not hold, this is a contradiction.

Finally, we have already shown the proof of the choice of e/ in the main text. O

Proof of Lemma 1.3

Proof. Fix the parameters such that 2¢ < (¢ + (1 — ¢)k)? — k2. Since, (1 — k%) > (¢ + (1 —

q)k)? — k2, both BV and BL exist and are unique. To compare 3! and {7, we only need

35



to compare the LHS of the equation that defines condition (C1) with the LHS of the equation
that defines condition (C2). We can then compare them with a common RHS.

Observe that the LHS of both the conditions are increasing and convex in . Further,
as 3 — 0 the LHS in both the conditions also tend to zero. Thus, to establish a relationship
between them it is sufficient to look at the behaviour of the LHS as 8 — 1. This is equal
to M for condition C1 and M for condition C2. Again, it can be shown that

(q+(1Q_Q)k)2 < q+(1Q_Q)k2 which is equivalent to ¢(1 — k?) > (q + (1 — q)k)? — k2. This

implies that the LHS of condition C1 lies below the LHS of condition C2 for all 8 > 0. Thus,

g > BLr. 0

Proof of Proposition 1.2

Proof. We prove this statement in steps by considering different regions of starting prior (1.
There existsa j > 0 € {0,1,2,...} where belief @FI is such that BJFI < BN < ,6’11111. The

value that j takes depends on the parameters.

Step 1: Proving babbling is a unique equilibrium for ﬁgl < B < ﬁfl

Consider any informative strategy 61 € (0, 1] including the truth-telling strategy. In
any such strategy a message m; = /¢ is only used when 6; = £. So the agent believes such a
message ()\é = 1) with the posterior about ability BS < /35“ I which makes the agent experiment
only once at t = 1 and then exert e = ﬁgk (see Proposition 1.1). A message m, = % instead
leads to a higher belief B;L € (51, 1], which can either push the agent to implement her idea
with a higher effort or to experiment again (depending on &7 and &3).

If the agent best responds to m; = h implementing her idea, she exerts effort e =
BY(AE + (1 — A)k) > B5k. In this case, the supervisor type f1 =  is better off deviating and
sending a message m, = % and getting a higher expected probability of success of ﬁ;b 55()\7; +
(1 — MB)k)k instead of (35k)>2. If the agent best responds to 7m; = h by experimenting again,
then also the supervisor type 61 = /£ is better off always sending the message m1 = h. This is
because the supervisor always prefers experimentation when the current idea is low potential.
Thus, the supervisor has an incentive to deviate in either case.

Thus, only the babbling strategy remains which is always an equilibrium. The agent’s
equilibrium strategy is to implement her outside information idea, i.e. I; = 1 with e = 51k

since 31 < B)¥!(see Lemma 1.1).

Step 2: Proving babbling is a unique equilibrium for ﬁlFI <p < ﬁé\”

If j = 0, then either Bt < 81 < BT < BT or BET < BIVT < By < BfL. In either
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case, the scenario highlighted in Step 2 does not exist. Step 1 is sufficient in this case.

If 5 = 1 then it is enough to show that babbling is the unique equilibrium in the range
BEL < By < Y1 with the knowledge that if the posterior 82 < ({7 then the supervisor
babbles (from Step 1 above). Note that any informative messaging strategy conjecture for
t = 1 with 61 € (0,1] must lead to a posterior ﬁg < P < ﬁ;b. Now, as before the value of
message m; = / is the same as in truth-telling so that 35 € [3{'7, Bf'T). From Step 1 above,
the supervisor is then expected to babble in ¢ = 2 and the agent best responds by choosing to
implement her low potential idea (I = 1) from ¢ = 1 with effort e = B5k. A message m; = #
again leads to a higher belief ﬁ;b € (1, 1], which can either push the agent to implement her
idea with a higher effort or to experiment again (depending on &1 and 62). As before now, the
supervisor type 61 = £ is better off deviating and sending a message m; = f. Thus, babbling
is the unique equilibrium strategy of the supervisor.

If j € {2,3,...}, then it needs to be shown that babbling is a unique equilibrium
strategy in the ranges ﬂf” < B < ﬂfI, - Bf_ll < B < ,Bfl and ﬂff < B < ﬂé\”.
Consider first the range 3f/ < 8, < 851, Any posterior 65 for priors Bf'7 < 1 < BET must
map in to the range of beliefs highlighted in Step 1. This implies that supervisor type 6; = ¢
cannot credibly commit to sending a message m; = ¢. Such a message leads to the agent
implementing with effort e = 55 k. This makes babbling a unique equilibrium strategy for
BT < By < BE1. The same logic applies to all the ranges of prior belief up to BJF I Then, in
the range BJF I'<p < Bév I the proof is identical to the above described j = 1 case.

Therefore, babbling is the unique equilibrium strategy of the supervisor and the agent

does not experiment, i.e. I; = 1 and a = S k.

Step 3: Proving babbling is a unique equilibrium for ﬁéw <p1 < B{W

For 7 = 0, we have already shown that babbling is a unique equilibrium strategy for
B{] < b < 56\” < BFT or ﬁéw < Bé\” < B < Bf]. Note that since 551 < 5(1)\7[, it
must be the case that 51 < gV < I, So, it remains to show that babbling is unique for
BT < By < BN1. This argument is the same as the one presented below.

Any informative mixing for 5 > 1 leads to Bé < Bév I, The supervisor babbles in the
range of posteriors Bg I'< 65 < Bév T from Step 1 and 2 above (and for j = 0 case the supervisor
babbles in the range 55 I'< 55 < Bf1), and the agent chooses to implement thereafter (from
Lemma 1.1). A message m1 = %, on the other hand, is believed and the agent best responds by
either implementing with a higher belief or experimenting again. Therefore, the supervisor can

do better by lying instead when he observes #; = ¢ when he is expected to be informative. []
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Proof of Proposition 1.3

Proof. We prove the proposition in two parts.

Part 1: To show that if o1 = 1 is an equilibrium for ¥ < 81 < BY1, then it must be an
equilibrium for all Bév I'<p<1.

Consider the region of priors ! < p; < Bév I We check whether 6; = 1 is an
equilibrium. Here, the supervisor has an incentive to reveal the truth about 6; = /¢ if the
expected probability of success by sending m = £ is higher than that from sending the message
my = h. If he sends a message m; = /£, the agent at most experiments two more times -
consulting the supervisor after one (which is at ,6’5 where the supervisor is again honest given
the premise) and not doing so after the other. Therefore, the expected probability of success by
sending my = £ is

B3q + (1 = B3q)(B5)*(q + (1 — q)k)?

By lying the supervisor convinces the agent that her idea has a high potential to succeed
(5\? = 1)and that she is of ability ¢ (B;L = 1). She then exerts e = 1 to implement her idea.
However, the supervisor has an updated belief of 35 knowing that §; = £. Thus, expected
probability of success by sending m; = h is ng:.

The supervisor has an incentive to reveal the truth at this stage if

B5k < Biq + (1 — B59)(B5)%(q + (1 — @)k)*.

It is easy to check that the above condition is always holds with a strict inequality sign under
Assumption (A). So, o1 = 1 is an equilibrium for BN < B < ﬁé\”.

Now, for any 51 > Bév I the supervisor can make the agent experiment (and if any of
the following ideas has a high potential to succeed make them exert e = 1 on it) at least three
more times by honestly revealing § = ¢. Given Assumption (A), this should always be an
equilibrium.

Part 2: To show that o = 1 is an equilibrium for ¥/ < B; < N1 if and only if ¢ > M
where k = m and k < (¢+ (1 —q)k)%

(k)2

Suppose ¢ > “k% where k = m and k < (¢+(1—q)k)2. Now consider

the conjectured strategy &1 = 1 for B! < 31 < BY¥1. When the supervisor observes 0; = ¢,
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his expected probability of success by sending message m; = ¢ is

(B5)(q+ (1 — q)k)>.

Following m; = /¢, the agent experiments once more but does not consult the supervisor
thereafter. Thus, she implements her idea of unknown potential by exerting effort e = ,6’5 (¢ +
(1 — ¢)k). On the other hand by sending a message m; = A when the gent expects supervisor
to be honest leads her to exert e = 1 in implementing a #; = 1 idea. This is so because she
believes in the supervisor’s message, S\SL =1and B;L = 1. The expected probability of success
is then (5.

Truth-telling is an equilibrium if

(85)%(q¢+ (1 — q)k)? > BSk
k
gk + (1 —q)(g+ (1 —q)k)?

= p1 > = gt
&1 = 1is an equilibrium if for all 8 € [N, BNT), it is also the case that 5, > i,
This can happen iff 37" < BN! This condition then be rearranged given 3™ from above
and gV = (¢)% (from Lemma 1.1), and using the fact that sV = _ A
0 = Gt I-g = o g B e H)
This gives us

where k = m and we need that k < (¢ + (1 — q)k)?%. But this is also our premise.
Thus, o1 = 1 is an equilibrium.

Alternately, suppose o1 = 1 is an equilibrium for 3/ < 8; < B!, Then it must be
the case that 47 > B for all By € [BN!, BIVT). Specifically, it must be that ¥/ > gtruth,

This condition can then be rearranged to yield

_ 2
. kk — (kk)
- 2
where k = m and with an added constraint k < (g + (1 — q)k)>. O

Proof of Lemma 1.4

Proof. It is immediate to see that an increase in belief from 3 to 5’ such that

1. ﬁév I'<p<p < Bév 'is welfare improving. This is because % > % which we

get by replacing the optimal effort e = Sk in the expected utility function.
2. BT < B < B < BN is welfare improving. This is because w >
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w which we get by replacing the optimal effort e = S(q + (1 — q)k)

in the expected utility function.

Now consider an increase in belief from 3 to 3’ such that BJN Ir'<p<p< j\fl such

that j > 1. Denote the ex-ante expected utility or welfare of the agent at prior 5 by W (). We

have that

W(B) =B+ (L =q)++ (L =) "= Bell + (L= q) 4+ (1 )]
2 2

+ 81— gV [Ke = ] = (1= B)[(G + e+ 5]

where K = g + (1 — ¢)k. Similarly, we can write W (') keeping in mind that the
maximum number of attempts is still 7 + 1.

Now, comparing term-by-term, it is obvious that everything other than the comparison
of B'(1— g/ Ke' — (1— B') + B'(1 — ¢)) 5 with B(1 — q) Ke — (1 — B) + B(1 — ¢)’) 5
in W (') is greater than that in W (/). Thus it is sufficient to show that

2 62

B(l—qVKe —((1-5)+8(1- q)j)% > Bl —qfKe—((1-8)+B(1-0q))5

which can be rearranged to

B gP K — (1= F(1— (1 -0 > 81— P Ke— (1 - 51— (1 - )

where e = K35, and ¢ = K37, ;.

e

Now it is easy to check that Ke — 5

is increasing in beliefs. So that

Ke' — 6;2 > Ke—622
2 e?
= Ke'— (1= f(1- (1= )5 > Ke— (1- 81— (1- ") 5

o2 A 2
= F(1—g/Ke' = (1= (1-(1-q/))5 > -gfKe—(1-501-(1-97)7

where in the second step the inequality is preserved because a greater number is added to the
LHS than the RHS. And in the third step the inequality is again preserved because K¢’ (which
is greater than Ke) on the LHS is multiplied with a greater number than K e in the RHS. Hence,

the welfare has increased. O
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Proof of Lemma 1.5

Proof. Using the language introduced in Lemma 1.4, we can write W (3) and W (') where
B < BiT and Y1 < B < BN as
(B'K)?

~—— and W(p') = 5 ¢

Now, if the agent finds herself in [3{'/, 3)V!) then Condition (C1) must be slack. This means

(B'K)* (B'k)* _ (Bk)?
T2 7T T

where the second inequality follows from the fact that 5’ > (3. Hence, the welfare has

increased. O

Proof of Lemma 1.6

Proof. We show here the proof of how an increase in belief from 5 = B{V I'_ctop = B{V Tis

NI

welfare improving. The general proof of an increase in the prior from 5} — ¢ to Bj’»\fl follows

the same argument.

We can write the ex-ante expected welfare in the two cases as follows:

2
W(E —e) = (B —e)Ke— T —c

q 6/2
W) = B+ N (1 - g K — e+ )1 BNg) — ¢

where e = (B — ¢)K and ¢/ = BV K.
Now, if W(BN) > W (BN — ¢), then substituting for e and €/, letting & — 0, and

simplifying the inequality by using B(JJV t= (1:3/)3;[[

gives

q ﬁNIKQ K2
Vg - PR R gy

If the above inequality holds, then we are done.

Let 2¢ < ¢(1 — K?). Under this assumption, Condition (C2) must hold in a way that k

is replaced with K as

(B K)?

(B K)°
5 :

NI14
~—c>
By 9 c 9

—(1-p"9)
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Now, the inequality is preserved if the c on the LHS is reduced. Then rearranging gives

(B K)?
2

(B K)?

q
M (1 - g g)e - 5

> (1 - gNI
9 ( 1Q)

NI 2
It is now straightforward to verify that (1 — {VIQ)M = %2(1 —q)BNI BN, so that our

original hypothesis on welfare comparison holds. 0

Proof of Proposition 1.4

Proof. From Lemma 1.4 and 1.5, it is immediate that an increase in belief of up to, but not
including the level B{V I'is welfare improving. Now, from Lemma 1.6, an epsilon increase in
belief that pushes the agent in to experimentation with supervision is also welfare improving.
Finally, from Lemma 1.4, any increase in belief of up to but not including the level 557 is

welfare improving. This reasoning can then be extended for any increase in belief. O

Proof of Proposition 1.5

Proof. To prove the statement, we consider two particular situations, and show how in each
the welfare at the correct and overconfident beliefs differ. Let W (; b) be the ex-ante expected

utility of the agent when the common prior is 5 but the correct belief is b.

Part 1: Showing that overconfidence can be welfare improving

Let 3 = B but b = B! — . The two expected utility functions can be written as

(bK)?
2

NI 2
W) = 2 b1 - B K - (1 bg) (e IS

W (b;b) =

—C

We need to show if W (BN;b) > W(b;b). In order to do so, first observe that

bQ—q > (b§)2. This follows immediately from Assumption (A). So if we are able to show

that
N]K 2
b(1— q)B)TK? — (1 —bq)(c+ (ﬁoz)) >0
then we are done. Rearranging the above and recognizing that bgl__bg) = BN — &' where €’ # ¢,
we need that
NI 7)2
( 02K) zéjﬁéVIK2+C

But we know from Condition (C1) that

ET S
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Therefore, it is possible to find an &’ (and consequently ¢) such that welfare improves under

. . / NI k2
overconfidence. This requires &’ < f3; SRCE-

Part 2: Showing that overconfidence can be welfare reducing

Let 3 = B! but b < B)'!. The two expected utility functions can be written as

W (b b) = (b’;)g
W(BY:b) = b K2 — (@J)V;K)Q .

This time we need to show that W (3)%; b) < W (b; b). Again using Condition (C1) to

NI 2
substitute for —M — cin W(B{'1; b), we can reduce the above to
2K?
NI
b < By (? - 1),
which must always be true because 2]%2 —-1>1. O

Proof of Proposition 1.6

Proof. Let ¢g = ¢4 = 1. Consider the supervisor who has seen a ;1 = ¢ and reveals it

honestly to the agent. His value function is given by

VL(B) = max{(ﬁ;k)? | Biq

s+ (1= )V () |

where the first term is the value that the supervisor would get if he gets the low idea implemented
and the second term is what he would get if he gets experimentation again. Given his costs, he
would then like the agent to continue experimenting for as long as

B (B'k)* _ (Bk)?

q
P4y - >
2+( ﬁq) 2 Z +cs,

which gives a belief threshold 5501 . However, under an honest strategy, the agent would like to

continue experimenting for as long as

/B*Jr(l—ﬁq)

Z G

2 2

which gives a belief threshold £ I% .
Now, if ¢g < c4 then Bgol < Bgé so that the supervisor would like the agent to

experiment beyond Bf{é . The supervisor then fears discouraging the agent through honest
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revelation for any prior belief that leads the agent to a belief lower than 3 5({ . Therefore, the
results of Propositions 1.1, 1.2 and 1.3 hold.

On the other hand if cg > cg4, then 6501 > Bié . The agent would like to experiment
more than ng . Consider a belief Bgol < B < Bgf and consider the expected strategy of
honesty. When the supervisor has seen a low potential idea, then by announcing it truthfully he
gets an effort of e = ﬁgkz which is also optimal from the point of view of the supervisor because
¢s = 1. This is so because it is an equilibrium strategy for the supervisor to babble tomorrow.
So, even though the agent at this stage would like to experiment again but in the absence of
honesty tomorrow, and 35 < Bﬁfol she prefers to implement. By deviating and calling it a high
potential idea, he induces an effort of 1 on a low-potential idea. However, this is suboptimal
from his perspective, since he would also the full cost of implementation. Thus, there is no

incentive to lie and honesty is an equilibrium. O

Proof of Proposition 1.8

Proof. Consider a prior 81 < 81 < 8¥/,. In an immediately honest equilibrium strategy, the
agent experiments for j rounds with subsequent messages m = ¢ before reaching the babbling
region so that B(J]V I'< Bf < ﬁ{v ! In addition, the agent experiments one extra round without
supervision. Now, consider any strategy that reveals some j’ < j outcomes together. Let the
round of eventual revelation be denoted by 7. Now, the agent is induced to experiment a higher
number of rounds in this strategy iff 3¢ < BV < 5]4. Say that this is the case. We determine
whether such a strategy is an equilibrium.

Observe that at Bf < ﬁév ! the agent best responds by abandoning experimentation and
implementing any one of her low potential ideas with an effort 3k. If the supervisor is honest,
his expected payoff is (8.k)2. By deviating, and calling any one of the low potential ideas a
high one, the supervisor is able to induce an effort of 1 by the agent on that idea. This gives
the supervisor an expected payoff of 3‘k. Since the latter is greater than the former, such an

eventually honest strategy cannot be an equilibrium. O
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B Additional proofs not in the main text
Comparative statics of 51/

Lemma 1.7. Bg I'is increasing in e, increasing in k, and decreasing in q.

Proof. Consider, first, an exogenous increase in e. It is easy to verify that an increase in e raises
the value of the RHS (i.e. of implementing the idea)in condition C2 for every belief level 5.
This raises the ﬁép I

Second, consider the effect of an exogenous increase in k.

OLHS (8)?
= (1 —
ORHS 2
ok?2 2
Now, since 8 > ' and 1 > fq, aaL,gS < 8?2';[3. Thus, the value from implementing increases

by more than the value from experimenting, which leads to a higher Béw I
Finally, consider an exogenous increase in g. The RHS remains unchanged with an
increase in ¢. For the LHS,
OLHS !
ang—k?ﬁﬁ' <1—ﬁ2>.
This is positive if 1 > k23’ (1 - %), which is true since W =k*(1 - ') > 0and
at the limits the inequality holds. As 3 — 0, we have that k2’ <1 - %) —0andas 3 — 1,
e (1-5) - 5. 0
An exogenous increase in k£ makes executing a low potential idea more attractive and
therefore, leads to a higher 5(1): I and reduces the incentives to experiment for long. The agent
desires to finish the project with a sufficiently high belief so that he can exert a higher effort in
implementing a low potential idea (if need be), thereby maximizing the probability of success
even with a poor idea. Finally, an increase in ¢ lowers the belief threshold. This is so because
conditional on being of high-ability, a higher ¢ increases the chances of coming up with a high
potential idea. Therefore, in a world in which ability is unknown it makes experimentation more

attractive and pushes the agent to experiment for longer.

Comparative statics of 3"/

It is straightforward to derive how Bév I behaves with a change in parameters. A
decrease in the probability of coming up with a high potential idea ¢ or an increase in the cost

of experimentation c has the effect of increasing the threshold. Finally, an increase in k£ can
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have a non-monotonic effect on ﬁév I depending on the initial value. For k < ;%g, an increase
in k decreases Bév I Fork > ;%g, an increase in k increases Bév I The intuition behind a
non-monotonic relation between k and 3¥7 is as follows. k measures the success rate (for any
given effort level) from a bad idea when the agent is of high-ability. When the agent does not
observe the value of # from experimentation, then she experiments only as a gamble (and this
gamble is not worth taking more than once). When k£ increases from a sufficiently low k to begin
with, it makes this gamble more attractive — the agent reasons that even if the gamble fails (i.e.
0 = £ is the outcome of the gamble), she is more likely to succeed because of a higher k. On
the other hand, when k increases further from an already high level, then the gamble becomes

less attractive. This is so because the agent already has an outside option § = ¢ available which

then becomes relatively more attractive to finish.
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C Committed supervisor
A note on the enforcement of commitment

Here we present the case of the supervisor committing to an information policy before
the agent starts experimenting with ideas. Before we do so, we should understand how such a
commitment may be enforced. An information disclosure policy is a sequence of revelation
strategies about the observed potential of ideas produced by the agent to which the supervisor
is committed. One may imagine the policy as a sequence of public tests - the supervisor may
or may not observe the true potential of the idea but he designs tests that will reveal to the
agent (and to the supervisor) the true potential of the idea. Thus, commitment to information
disclosure policy is akin to commitment to test designs. This interpretation is in the spirit of
Kamenica and Gentzkow (2011) and Smolin (2017).

Another way in which such a commitment may be enforced is through “presentation”
of ideas to multiple supervisors. Many co-supervisors rather than one main supervisor may
work to discipline each other. This requires that if the optimal disclosure policy involves mixing
by the supervisors then they all should agree on such a mixing and then enforce it (say by
punishing deviations with full disclosure). Alternately, one supervisor’s recommendation may
be cross-examined by another supervisor who has also observed the agent’s idea. However, these
interpretations are not immediate and might not be realistic in many settings. An apprentice
working on a project might only be assigned one expert due to cost concerns. It is also not
obvious how a supervisor might commit to a test design that reveals his private information to
the agent. Because of this limitation, we present the commitment case as an extension of the
model in Section 1.4. We consider here only the flavour of an optimal policy by discussing the
incentives of the supervisor and the agent, and showing how the supervisor can achieve better
outcomes (relative to the equilibrium outcome) for both himself and the agent by committing to

information disclosure policies.

Immediate honesty

Consider first the policy in which the supervisor is committed to revealing the true
potential of the idea after each round of experimentation. We call this a policy of immediate
honesty. As illustrated in Lemma 1.2 such a policy induces the agent to experiment with
continued low potential ideas all the way down to the belief ﬁg T 1t is immediate that the agent
prefers to experiment more under this policy relative to the equilibrium outlined in Proposition
1.3. Immediate honesty guarantees maximum possible learning to the agent and in the least cost,

which allows the agent to match effort to the true potential of the idea. This helps retain the
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attractiveness of experimentation insofar as condition (C2) holds. The prior /5; determines how
many more rounds the agent ends up experimenting under this policy relative to the equilibrium.

That the supervisor prefers such a policy is not immediate in the region of beliefs in
which the supervisor is honest in equilibrium as well. While on the one hand such a policy
induces more experimentation (and therefore, a higher probability of the agent producing a
high potential idea), it also depresses the effort of the agent when she does not ever produce
a high potential idea. The agent exerts a higher effort in equilibrium on an idea of unknown
potential (see Proposition 1.3) because of a higher belief. Let 5; > ﬁ{v 'such that under both
the equilibrium and the immediately honest policy the agent experiments for ¢ rounds until 57,
then in equilibrium the agent experiments for one additional round (without supervision) while
under the immediately honest policy she does so for ¢’ additional rounds with supervision. Note
that ¢ and ¢’ are functions of 31. The supervisor prefers the immediately honest policy over the

equilibrium policy iff

(5f+1)2(q +(1-q)k)* < 5f+1q + (1 — 5f+1Q)ﬂf+2Q+
+ (1— 5f+1Q)(1 - Bf+2qwf+3q +

+.ooo+ (1= 5f+1Q)(1 - 5f+QQ) (1= 5f+t'Q)(Bf+t'+1k)2-

Until round ¢ both policies yield the same payoff to the supervisor. The LHS captures
the additional payoff from one more round of experimentation in ¢ + 1. The RHS captures
increase in the payoff from ¢’ additional rounds of experimentation with the agent implementing
a low potential idea in round ¢ + ¢ + 1. A sufficient condition for the above to be satisfied is
q > (¢ + (1 — q)k)?, which we know is satisfied from Assumption (A). Lemma 1.8 follows

from the above discussion.
Lemma 1.8. The immediately honest policy is pareto superior to the equilibrium policy.

Thus, both the supervisor and the agent stand to gain if the supervisor commits to

honesty. However, as we show below, the supervisor can do better than immediate honesty.

Delayed honesty

The supervisor’s preferred policy is driven by the desire to make the agent experiment
more when she has low potential ideas but implement immediately if she gets a high potential
idea. Thus, while on the one hand he wants to be honest with the agent, he also wants the
agent to experiment as often as possible. We show how the supervisor can fulfil these two

objectives through a delayed disclosure policy which we call delayed honesty and quantify the
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gain attainable over immediate honesty.?!

A policy is a combination of a disclosure time and what to recommend at that disclosure
time. A disclosure timing rule is a mapping from the current belief 3; to a choice of round 7 at
which the supervisor requires the agent to show her ideas to him (or equivalently the number
of rounds the agent is required to experiment). He then makes a comment about each of the
7 ideas according to a recommendation policy which is a mapping of {¢, 2 }" onto itself. A
recommendation policy is honest if the supervisor honestly reveals the type of all the ideas that
the agent has produced. We restrict attention to honest recommendation policies for the time
being and analyse what is the optimal disclosure time 7*. At the disclosure time 7, the agent
and the supervisor update their belief about the ability sequentially according to Bayes’ rule.
Thus, if the supervisor reveals that any of the ideas are high potential they both update their

belief to 1 and otherwise revise their belief downwards by 7 times

0 _ (1—q) b1 .
T o1-gh Y (1—q)

B

Fix a prior 51 > ,6’(1)7 I and consider a disclosure policy that requires the agent to
experiment at least 7 times to receive feedback from the supervisor. We are interested in finding
out the maximum number of rounds of delay. Let the disclosure policy be such that after the
agent discovers all her ideas were of low potential she quits experimentation and implements
any one her ideas, i.e. Bﬁ 1 < B{ 22 We say that such a policy is implementable if the agent
prefers to experiment 7 times and receiving feedback to not experimenting and implementing

her outside option idea.?® This yields the following implementability constraint (IC)

expected benefit of experimentation total cost of ei(\perimentation
1 ¢ 12 (Brk)?
Al -1-a A= Bk 2 —— + T1c . (IC)
N—— ~~

opportunity cost  actual cost

Observe that since the agent is expected to carry out multiple rounds of experimentation
without knowing their outcome, she evaluates the possibility of attaining a high potential idea

relative to 1. Conditional on being high-ability, with probability (1 — ¢)” she expects to attain

2ISince we are not focussing on delayed partial disclosure, we will omit any mathematical complexity that comes
with it such as that of defining mixed strategies. We will focus on the supervisor using pure strategies.

221f there is any implementable delayed policy that leads to a posterior above 5 7, then the same can be achieved
by an immediately honest policy by inducing the same number of rounds of experimentation. We will refer to
delayed honesty policy as the one which leads to posteriors below 3¢ so that more number of rounds are induced
than in immediately honest policy.

BThere is no expected benefit to the agent by experimenting less than 7 times since given the policy the
supervisor does not reveal any information to the agent when this is the case.
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only low potential ideas to implement, and with the remaining probability she expects at least
one high potential idea. Therefore, with probability 51 (1 — (1 — ¢)") she receives 1/2 and with
probability 31 (1 — ¢)7 she will revise her belief down to 3%, ; after the supervisor honestly
reveals all her 7 ideas are low potential. At this point, she will implement any one of her

(BE 1K) L. .
~—5——. Finally, there is no benefit of

low potential ideas to obtain an expected benefit of
experimentation if the agent is of low-ability type. This is captured in the LHS of IC condition
as the expected benefit of experimentation.

If the agent instead opts for implementing her low potential outside option idea, she
expects to receive a payoff of % As illustrated in the RHS, she must forego this expected
benefit when she decides to experiment, in addition to paying the cost of experimentation c for
7 rounds. The IC condition thus puts a limit on the maximum number of rounds the agent is
willing to experiment when she is at a belief 51 and the supervisor is committed to revealing all
the information after those rounds.

We next analyse the supervisor’s incentives under such a policy. The supervisor’s

ex-ante expected payoff from a 7-implementable policy is
Bill = (1= a)"(1 = (Bra1k)?))-

The supervisor, like the agent, only sees the potential of the ideas once they are presented to him
— he evaluates the probability of at least one high potential idea among the 7 attempts according
to 51. Does the supervisor benefit from a higher or a lower 7? While on the one hand a higher 7
reduces the probability of the agent only producing low potential ideas, but on the other hand it
also depresses the effort of the agent in case of such event. The following lemma shows that the
first order effect of reduced probability dominates the second order effect of reduced effort so

that the supervisor is always better off inducing a higher 7.

Lemma 1.9. Under assumption (A), the supervisor’s payoffs are increasing in the number of

rounds the agent experiments .

Proof. Consider the expected probability of success from a 7-implementable policy:
Bill = (1= a)7 (1 = (Br41k)")] (1.8.C.5)
Now consider the expected probability of success from a 7 + 1-implementable policy:

Bill — (1 —q)™ (1 — (BL0k)2)] (1.8.C.6)
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Subtracting equation (1.8.C.5) from (1.8.C.6) and looking at the condition for it being positive,
we get

g+ (1= q)(Bryok)* — (Br11k)* >0

This always the case since ¢ > k from Assumption (A), which implies ¢ > (3%, k)?. Therefore,

the payoff of the supervisor is increasing in the number of rounds of experimentation. O

Supervisor’s maximization problem therefore reduces to getting the agent to experiment
as many rounds as possible. This is solely determined by the IC condition. It is immediate that
the expected benefit of experimentation to the agent under such a policy, although increasing in
B1, is bounded above by 1/2. Consequently, for a higher 3; the agent should want to experiment
more number of rounds but up to a limit. This limit is imposed by the bounded benefits on the
one hand, and the increasing cost of experimentation on the other. Our objective is to determine
the maximum (31, 7) combination that is implementable with such a policy.

For this purpose, fix 7. Now, if there exists a prior belief that makes the IC condition
bind, then it must be the minimum prior that does so. Define this minimum prior belief by 37.
So for any belief 3; > /37 the agent finds it optimal to at least experiment 7 times. Observe that
7 must be increasing in 7 since the agent must have a higher belief to induce him to experiment
more often by paying a higher cost. Let 37 be the maximum of this increasing sequence so that
7 gives the maximum number of rounds that are implementable and /37 is the minimum prior

that can induce those many rounds. Proposition 1.9 follows from the above discussion.

Proposition 1.9. The maximum number of rounds T* the supervisor can delay honestly revealing

the outcomes and therefore induce experimentation at prior (31 is given by
BT < B < BT BL< AT,

and is equal to 7 if By > B7.
We end this section with the following observation.

Observation 1.2. The supervisor weakly prefers a policy of delayed honesty to immediate

honesty when delayed honesty is implementable, i.e. when 3y < 7.

Ali (2017) derives the same result when determining the optimal dynamic disclosure
policy in a slightly different environment. In his setting, the agent needs two consecutive
successes in order to be successful in the project. The experiments yield success with a positive
probability only if the project is of a good type. Ali shows that the more informed party always

has an incentive to delay information revelation while the less informed party would prefer early
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revelation. While we do not solve for the optimal policy here, we showed here delaying may be
preferred by the supervisor to immediately revealing the outcome.

For priors above 37, a combination of immediate honesty and delayed honesty may
be preferred by the supervisor. The prospect of finding out the outcome of experimentation
immediately after experimenting makes the agent assess future costs probabilistically. Since it
might be determined immediately that the last idea had a high potential to succeed, the agent
then does not have to bear future costs of experimenting. This reduces the expected cost of
experimentation to the agent and makes her willing to experiment. So for higher beliefs, where
the agent is not willing to pay a lump sum cost for experimenting with delayed honesty, the
supervisor can induce experimentation with immediate honesty. The supervisor can then commit
to delayed honesty when the agent reaches a lower belief. However, immediate honesty might
provide too much incentive to the agent and the supervisor might do better by committing to a

mixed revelation for high beliefs.?*

2We do not consider these policies in this paper as our primary objective is to highlight the tensions when the
supervisor does not have commitment power. We merely want to show how the supervisor can do better when there
is commitment in the relationship, and what incentives shape a “preferred” policy.
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Chapter 2

The Newsroom Dilemma

2.1 Introduction

On April 18, 2013, the New York Post plastered its cover page with a picture of two
men under the headline “BAG MEN: Feds seek these two pictured at Boston Marathon.” The
Post was hinting that the duo was responsible for the Boston Marathon bombings and had
carried the bombs in their bags. They were innocent, and the Post was wrong. 16-year-old
Salaheddin Barhoum and 24-year-old Yassine Zaimi later filed a lawsuit, and the New York
Post’s credibility was damaged. Similarly, in September 2008, Bloomberg incorrectly reported
that United Airlines was filing for bankruptcy. Before Bloomberg issuing a correction, United
Airlines’ stock price nosedived 75 percent.

Media critics often cite such examples to argue that competitive pressures in the modern
digital environment have pushed outlets towards early release of less accurate information
(Cairncross, 2019).1 Matt Murray, Editor-in-Chief of the Wall Street Journal, acknowledged in
a recent interview that the Internet had created both time and competitive pressures. However,
part of the pressure, he noted, “is to stay true to what has worked and works (really) well,
which is reporting verified facts.” In a similar vein, some media scholars argue that the fears
surrounding the effect of competition may be overblown (Knobel, 2018; Carson, 2019).

In this paper, we discuss why competition among media outlets might not privilege
speed over accuracy. We consider the implications of competition on audience welfare and
information dissemination. We argue that two opposing forces determine the resolution of the
speed-accuracy tradeoff: preemption and reputation. While preemption pushes outlets towards

speed, reputation gives media outlets a reason to engage in careful, detailed reporting.

IThis, of course, is a cause of concern for modern democracies. Media outlets, through fact-checking and
investigative journalism, deliver revelations that have a profound impact on the society and its institutions. For
instance, The Hindu’s Bofors scam exposé in India in 1987 brought the topic of political corruption to center stage
and lead to the defeat of the government in power in 1989. More recently, the New York Times’ exposé on sexual
abuse in Hollywood and corporate America has reignited discussions on gender discrimination in the workplace.
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We build a two-period model in which two career-concerned media outlets compete
against one another and fear preemption. There is a topic on which the outlets may publish
stories. Both outlets receive an initial informative signal about the topic. They may research the
topic further at a cost, which depends upon their ability. We model research as generating a
perfectly-informative signal about the topic. There is a scoop value associated with being the
first outlet to publish a story on the topic. In addition to valuing scoops, outlets also care about
their reputations. Reputation depends upon an audience’s inference about the outlet’s ability to
research.

Our model yields three main results. The first two speak to the changes in the media

landscape brought about by the Internet. The last result deals with how a source disseminates
information to media outlets facing the speed-accuracy tradeoff.
Effect of the Internet. One effect of the Internet has been to increase competitive pressures.
The Internet has reduced barriers to entry and contributed to a 24-hour news cycle where
reporters are always on deadline. Consequently, pressure on media outlets to be the first to
publish have increased.

In our model, while competition can push media outlets to publish more quickly, it can
also have the opposite effect — to push outlets to research stories more thoroughly. We find
that in more competitive environments, it is easier for outlets to build reputation. This effect
increases outlets’ willingness to hold back on stories and research them thoroughly. Importantly,
our argument relies upon the assumption that the audience does not observe the amount of time
outlets spend researching stories but they do observe which outlet publishes first. Knowing the
sequence of publication rather than the amount of research, allows for additional observational
learning with competition. Consequently, it gives better outlets a reason to differentiate when
facing competition.’

We show that when there is a high scoop value, competition drives media outlets
to publish more quickly; in contrast, when there is a low scoop value, competition drives
media outlets to research stories more. Therefore, the model suggests that breaking news-
type stories such as those on terrorist attacks, malfeasance of senior government officials or
adverse economic shocks, will suffer particularly from problems of accuracy in the Internet age.
In contrast, outlets do better research on non-urgent stories that do not influence immediate
decision-making. Examples include: revelations of sexual abuse by Hollywood executives, how

terrorist organizations work, and illegal data hacking that is used to influence public opinion.?

“We discuss in detail the new media studies literature in Section 2.1.1 and show some anecdotal support for our
main finding.

3The first story was publishished in both the New York Times and the New Yorker. https://www.newyorker.co
m/news/news-desk/from-aggressive-overtures-to-sexual-assault-harvey-weinsteins-accusers- tell-their-stories.
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A second effect of the Internet has been to improve what quickly-released stories look
like. Journalists can quickly “contact people, access government records, file Freedom of
Information Act requests, and do searches” (Knobel, 2018). Similarly, Chan (2014) argues that
“digitization brings better access to sources and data.” At the same time, however, the cost of
doing in-depth research has not changed much. For instance, one would not expect the cost
of conducting interviews and building trustworthy sources to have changed significantly. We
model such an effect as improving the quality of the initial signal without changing the cost of
research.

We find that a better initial signal can reduce the welfare of the audience. When initial

signal becomes better, the audience is less able to attribute correct information by the media
outlets to their ability to conduct in-depth research. The audience instead assign it to better
initial signal of the outlets that is due to better technology. Thus, reputational concerns get
diluted and timing pressures become more salient, making the media outlets move towards
speed. Moving towards speed reduces overall welfare only if a significant proportion of audience
values better reporting. However, it improves welfare if the audience does value early reporting.
It is easy to map the above examples from the previous paragraphs to the relevant situation for
audience welfare.
Information dissemination by a source. Our model is also useful for determining how a
strategic source shares its information with competing media outlets. Notably, it helps explain
why politically-motivated sources may share rumours with multiple outlets to get “unverified
facts” out to the audience.

Our model predicts that a source who is merely interested in getting potentially incorrect
information out without further research can exploit the time pressures that competing media
outlets face. We show that when media outlets are intrinsically driven to explore issues, it is
better to share information with all the media outlets to get the information out quickly. More
intrinsically motivated media outlets are more likely to do further research independent of the
competition. However, by sharing with all the media outlets and creating competitive pressures,
additional time pressure can be created. Thus, politicians with propaganda may still hold media
outlets hostage even without explicitly capturing or buying them off.

There are, however, situations when such a source shares information only with one
media outlet for the quick release of information. The source is likely to do so when media

outlets are not intrinsically motivated, and the information is not urgent. When the information

The second story appeared on the New York Times after the reporters researched for more than a year and a half.
https://www.nytimes.com/interactive/2018/04/04/world/middleeast/isis-documents-mosul-iraq.html. The third story
broke out in The Guardian. https://www.theguardian.com/us-news/2015/dec/11/senator-ted-cruz-president-campaig
n-facebook-user-data.
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is not urgent, there is a general tendency for competing media outlets to investigate further
independent of their intrinsic motivation. In this situation, sharing information with just one
outlet gets the information out more quickly.

It is worth emphasizing that our model generally covers settings that have elements of
preemption and career concerns. For instance, competing researchers working to solve similar
problems and hoping to convince a market about their ability face a similar newsroom dilemma.
Technology firms face a speed-accuracy tradeoff as they build products and technology to
match consumer preferences. Our main results have a natural interpretation in these situations.
Notably, better research in competitive environments requires that the initial research idea is not

too well-developed.

2.1.1 Stylized facts and new media studies literature

The speed vs. accuracy tradeoff is commonly recognized in the media studies literature.
The BBC Academy website observes that “every journalist has to resolve the conflicting
demands of speed and accuracy. [...] If you are working on a breaking news story, it is important
to remember that first reports may often be confused and misleading. [...] That is why it is
important to weight the facts you have.”

The terms of this tradeoff hinge on the surrounding environment. The literature high-
lights two critical determinants of the rise of “speed-driven journalism” in the modern digital
environment. The first one is increasing competitive pressure. Lionel Barber, the Editor of
Financial Times, points out, “Technology has (also) flattened the digital plain, creating the
illusion that all content is equal. It has made it possible for everyone to produce and distribute
content that looks equally credible”. Thus, outlets cannot only count on their pre-existing
reputation to attract readers, and being the first to break the news is increasingly important.
Rosenberg and Feldman (2008) note, “Why do experienced journalists telecast unscreened
material in volatile situations? Because they can, and because they are driven by powerful,
rush-to-report hard instinct, the one commanding them to beat or at least keep astride of the
competition and not be left behind”.

The second is the 24-hour news cycle (Lee, 2014; Starbird, Dailey, Mohamed, Lee
and Spiro, 2018), which leads to the possibility of being preempted at any point in time.
Newspapers used to have editions making it possible to verify information up until the night
before publication, almost without fear of someone else breaking the news. That is no longer
the case. As Howard Kurtz from Washington Post describes, “In the last year, the pendulum has
swung in our newsroom to putting things on the Web almost immediately [...] everybody wants

it now-now-now. [...] But the sacrifice (clearly) is in the extra phone calls and the chance to
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briefly reflect on the story that you are slapping together” (Rosenberg and Feldman, 2008).

Importantly, however, reputational concerns remain relevant. Reuters Handbook of
Journalism states “Reuters aims to report facts, not rumors. Clients rely on us to differentiate
between fact and rumor, and our reputation rests partly on that”. Note that reputation is based
on the ability to check the facts before releasing them, which is also how we model it. Knobel
(2018) summarizes her interviews with the editors by saying that they realize that readers can be
induced to pay for quality journalism. She quotes Rex Smith, editor of the Albany Times Union,
“What can separate great journalism from everything else is our commitment to the journalism
of verification and watchdog reporting. It will give us credibility that other organizations do not
have.”

Some new literature from media studies paints a more positive image of the future
of watchdog reporting. While not exactly the same as reporting accurate stories, watchdog
reporting, which includes investigative journalism and fact-checking, takes time. We show
here the data from Knobel’s study in support of our theoretical results in Table 2.1. The table
shows an increasing share of accountability reporting among a sample of 9 US newspapers for
1991-2011. 2001 in her sample marks the year that the Internet and social media took off in
a big way, and became an essential source of news for the audience. We can see how almost
all newspapers have increased their accountability reporting since then. The increase is visible
for both deep and simple accountability reporting, and across newspaper groups. While the
increase may be due to several reasons, her data together with the interviews hint at similar path
to that which we outline in this paper.

The model we build tries to combine these insights into a unified analysis of the speed-

accuracy tradeoff and the competing forces that determine its direction.

2.1.2 Contributions to related economics literature

We primarily contribute to the literature on media competition and quality of news by
explicitly modeling the newsroom dilemma. The newsroom dilemma, or the speed-accuracy
tradeoff, is surprisingly understudied in the field despite agreement among media scholars on
its importance. One exception is Andreottola and De Moragas (2017). They look at the political
economy impact of a similar speed-accuracy tradeoff and find that competition leads to a release
of less accurate information. Our paper differs because we explicitly model the reputational
concerns of media outlets. We identify conditions where the additional information transmitted
by the presence of competitors overcomes the preemption concerns.

Some new literature has also started exploring theoretically the effect of the Internet

on the media landscape. In Angelucci and Cagé (2019), for instance, the authors show that an
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Internet-driven drop in the advertising revenues leads to a smaller newsroom, decrease in prices
and a move towards “soft” information. Similarly, Armstrong (2005) looks at the relative effect
of advertising-only with a subscription-based funding mechanism on journalistic quality. All
of these papers and others (Ellman and Germano, 2009; Gentzkow, 2014) build on two-sided
market models (Rochet and Tirole, 2003, 2006) and are concerned with pricing decisions. We
do not explicitly model advertising and pricing concerns. We instead subsume them under either
preemption or reputational concerns.

Some recent papers that do not look at pricing explicitly but explore the political con-
sequences of new media or of media competition are Sobbrio (2014), Allcott and Gentzkow
(2017), Barrera, Guriev, Henry and Zhuravskaya (2017), Chen and Suen (2016), Perego and
Yuksel (2018) and Vaccari (2018). For instance, Chen and Suen (2016) look at media competi-
tion and endogenous attention allocation. They do not have the speed-accuracy tradeoff, but
they show that increased competition reduces outlets’ investment in reporting quality, increasing
the overall influence of the media industry. Perego and Yuksel (2018) and Vaccari (2018) look
at the distortive effect of competition on information provision by biased outlets, and as a
consequence on the level of information voters can acquire. In both cases, competition can
increase distortions. In this paper we abstract from outlets’ political motivations to focus on
their incentives to provide good quality journalism.

Focusing more on the reputation-building and signaling in media markets, Gentzkow
and Shapiro (2006) model media bias and reputation building, showing that competition reduces
bias. The model explores an entirely different tradeoff looking at the content of the reporting
directly, rather than the timing. Also, the “positive” effect of reputation comes from a different
channel — with competition the reader is more and more likely to learn the actual state eventually.
Our model does not have this feature as the audience eventually learn the actual story, and
competition does not affect the revelation incentives in this way. Gentzkow and Shapiro (2008)
later provide an outline of a model that may incorporate reputation-building incentives like
ours but they do not consider preemption. Shapiro (2016) shows that reputational concern
for unbiasedness may induce journalists to report evidence as ambiguous even when it is not.
Preemption concerns and endogenous choice of research are not considered there.

Our modelling strategy shares some features with Hafer, Landa and Le Bihan (2018)
and Hafer, Landa and Le Bihan (2019). Like us, they have a two period model where competing
outlets can acquire information about a politically relevant state of the world and choose when
to release it. However, we do not focus on media bias and on the possibility of claiming credit

for a story, but rather on the trade off between time pressure and quality of journalism. See Prat
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and Stromberg (2013) and Strémberg (2015) for recent developments in the political economy
of media literature, and other related papers.

We also contribute to the literature on strategic information release. We differentiate
from Guttman (2010) and Guttman, Kremer and Skrzypacz (2014) by adding reputational
concerns and endogenizing the information acquisition choice. Therefore, our results are
driven by completely different incentives. Relatedly, Aghamolla (2016) looks at a model of
(anti-)herding between financial analysts with endogenous information acquisition. While
observational learning is critical in such herding models, reputation building drives such
incentives in our model. Observational learning is relevant for the audience in our model
because it signals the type of the outlet. Gratton, Holden and Kolotilin (2017) look at a model
in which a sender strategically releases a stream of information to influence perceptions about
herself. They show that better sender types release the information earlier and expose themselves
to scrutiny. This is in contrast with our model, where better outlets release information later.
Preemption concerns drive the incentives in our model, which produces our different result.

Finally, we also contribute to the literature on preemption games and R&D races by
adding reputational concerns. Preemption games have long been studied in economics (Fuden-
berg, Gilbert, Stiglitz and Tirole, 1983; Fudenberg and Tirole, 1985), but our paper contributes
to the more recent literature on preemption games with private information (Hopenhayn and
Squintani, 2011, 2015; Bobtcheff, Bolte and Mariotti, 2016). It is worth noting that Bobtcheff et
al. (2016) have a similar “separating” result for different types of firms, but in a set up without
reputation. Here we point out that reputation, combined with actions that partially reveal an

opponent’s type, can be a different force leading to separating strategies in preemption games.
2.2 A model of the newsroom dilemma

We build a simple two-period model indexed by ¢ = 1, 2 featuring three players: two
strategic media outlets 7, j and a fixed mass of audiences. We also consider a version with just
one media outlet.

State of the world. The state of the world w is binary and unknown to the players. Formally,
w € Q := {a,b} with common prior Pr(w = a) = 3. Q) pertains to the topic on which the
media outlets are digging a story, and the relevant information for the audience. This could be,
for instance, who is responsible for a terrorist attack, whether a senior government official is
involved in corruption or not, who is an appropriate candidate to vote for in the election, etc.

Media outlets. Initially, each outlet privately observes a signal s’ about the state of the world in
t = 1. We call this the story that the outlets have. We assume that s’ is free and i.i.d. conditional

on the state. Its precision is Pr(s = wjw) = 7 > % The two outlets decide simultaneously
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at this stage whether to publish their signals, or conduct further research. The decision d’ for
outlet ¢ in ¢t = 1 is, therefore, to choose from {pub, res} where pub is publish immediately, i.e.
int = 1, and res is do more research and then publish in { = 2.

Publishing is equivalent to endorsing a particular state of the world (independent of
whether published in ¢ = 1 or 2). When an outlet publishes its story it sends a message
m € M = {a, b} where & means endorsing state w.

Conducting further research (and then publishing in ¢t = 2) is costly. In particular, there
is a type specific cost of research that perfectly reveals the true state of the world in ¢ = 2.
Outlets can be of two types, high or low quality, depending on how efficient they are at digging
into stories, and this is the private information of each individual outlet. Formally, the type of
outlet i is §° € {h, 1} with a common prior Pr(¢° = h) = ¢ = 3. The types are independent.

f = [ faces an infinite cost of conducting research. The low quality outlet never digs
stories further and chooses d = pub in ¢t = 1. The cost ¢ for the high quality outlet is private
information of that outlet, and is story-specific. It comes from a uniform distribution F’ with
support [—¢, ¢| and is drawn independently for each high quality outlet. ¢ is greater than zero
but small to capture the idea that some high quality outlets may still want to conduct research
even in the absence of other rewards.* We assume ¢ > 2 so that the support of the distribution
Fis sufficiently large.

Finally, the assumption on g is just for analytic convenience. A generic g € (0, 1) would

not alter the results, qualitatively. We show this case in Appendix C.
Audience. The audience enters the game when one or both of the outlets publish their story,
and their story is revealed (i.e. m). They only rationally form beliefs about the types of the
outlets. They enter with the knowledge of the priors and an understanding of the competition
between the outlets. Other than this, the precise information of the audience at the time of belief
formation is denoted by the set Z.

We assume that the audience observes the sequence of publication but not the actual
time of publication, or whether the outlets conducted research. The sequence, as distinguished
from the timing, shows whether the outlets moved sequentially or simultaneously. Under this
assumption, the audience will be able to determine the actual time of publication (i.e. t = 1, 2)
only if the outlets moved sequentially. It can be summarized by #* € {I, I, @}, which shows

whether outlet ¢ was first, second, or it moved simultaneously with j. This assumption is

*Interviews with editors often confirm such motivations; often they feel a sense of responsibility in their
positions. For instance, Knobel quotes Marcus Brauchli, Washington Post’s former editor, “Doing investigative
journalism is in the Post’s DNA and has been as long as any of us have been around in journalism.” Similarly, Kevin
Riley, the Editor of the Atlanta Journal-Constitution explains, “People want us to do this. They don’t think anyone
else will if we don’t.”
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discussed in more details in Section 2.2.2 and its implications are described in the main analysis
2.3.

In addition, after both the outlets publish their stories, the state is revealed exogenously.
If m* = w, then outlet 7 is said to be right, or R. Otherwise, the outlet is wrong, denoted by
W. We call this the outcome O of verification. The audience sees the outcome. Therefore, the
information of the audience Z at the end of the game is denoted by a tuple ( O%, Og) that consists
of four pieces of information, i.e. the position of each outlet in the sequence of publication and
their outcomes. Using Z, the audience updates its beliefs about each outlet’s type. Denote the
posterior belief about § = h by (Z) when the information held by the audience is Z.
Payoffs. Currently, we do not illustrate the payoffs of the audience as they only form beliefs. We
will, however, place more structure on its preferences at a later stage and explain the source of
outlets’ payoffs. For the time being, we only focus on the outlets’ payoffs, which are composed

of three elements.

1. The first is a scoop value v to the first outlet publishing the story. It captures the preemptive
nature of the media market, highlighted for example in Besley and Prat (2006). v can be
interpreted as the mass of audience that is drawn to the first media outlet breaking the

story.

2. The second is a reputation value of 7" or the audience’s posterior on the quality of outlet
1 calculated after revelation of the true state. This captures the extent to which the outlets
care about their reputation. For instance, future audience of the outlets might depend
on their reputations. We assume that reputation enters linearly in the outlets’ payoffs.
Importantly, the audience cares about whether the outlet is high or low type, not about c.
A new c is drawn for every new story and only the high type has the ability to conduct

further research.

3. The third is the cost c that the high type outlet chooses to pay if it does research in period
1.

Timing. The timing of the game can now be summarized as follows:
0. Nature draws w, 6° and §7. 0 is privately observed by each outlet. w is unobserved.

1. Att = 1 each outlet privately observes s’. A cost c of digging into the story is drawn

from a uniform distribution F'[—¢, ¢| for the high type.

2. The outlets simultaneously decide d* € {pub,res} and if d* = pub then also choose m.

As stated before, this is a relevant decision only for the high type. The low type always
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chooses pub.
3. If both outlets publish, the game ends. Otherwise, the game goes to period 2.

4. Att = 2, the state is revealed to every outlet that chose d° = res. Those who did not

publish in ¢ = 1, publish now by choosing m.

5. Once both the outlets have published, the state w is revealed to the audience. They observe

7 and update beliefs on the type of each outlet. Payoffs are realized.

2.2.1 Solution concept and equilibria selection

The solution concept we use is the Perfect Bayesian Nash Equilibrium in pure strategies.
We focus on equilibria where outlets optimally follow the signal they receive, i.e they endorse
the state that is more likely to be the true one given their signal. We call such equilibria
signal-based equilibria.’> For the rest of the paper, we use “equilibrium” and “signal-based

equilibrium” interchangeably.

2.2.2 Discussion of assumptions

Before proceeding to the analysis, it is worth discussing our assumptions in detail.

The first assumption we make is regarding what the audience observes about the timing
of the game. The fact that the audience only observes the content of what was published (i.e, m)
and the sequence of publication (i.e., ¢ but not the actual ¢) captures the idea that it is unaware
of how much the outlets researched story. We believe this is a realistic assumption in that the
amount of research is hardly observable from outside the newsroom. Of course, the amount of
research conducted maps in a probabilistic way into the accuracy of a story, which the audience
can check more easily. We allow for such a possibility by letting the audience observe whether
the story is true or false.

The important consequence of this assumption is that player ¢’s decision to publish/not
publish can potentially convey information about player j’s type. For example, if the two outlets
move sequentially and only a high type is expected to conduct research, moving later is a signal
of the first outlet being a low type. We show how relaxing this assumption changes our result in
Section 2.3.4.

The second assumption we make is about who possesses stories on a topic. In reality,
competing media outlets are often unaware of whether their competitors are also exploring

the same story. We assume that both of the media outlets are aware that their competitor also

>This means that we ignore equilibria where outlets choose to endorse one particular state to signal their type.
Those equilibria may exist, but we argue that they do not make much sense given the environment we are considering.
Alternatively, we can assume that signals are hard information, but the reader cannot infer the level of precision: the
result would be exactly the same.
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possesses the story. Doing so pushes the incentives of the outlets the most towards speed. Still,
we show that more research is possible under competition. Including such a possibility further
adds to the complications of the model.

The third assumption we make is that outlets build a reputation on their consistent
types, and not on the cost of digging into each independent story. Given that different outlets
usually have different expertise, it is reasonable to assume that they face different costs when
exploring different stories. For instance, The Wall Street Journal is a business-centric daily and
has invested in building sources and methods for dealing with business stories (such as avoiding
lawsuits when potentially sensitive corporate information is published). However, in general,
some outlets have a culture of researching while others do not. Their type captures this.

We also make a few assumptions for tractability reasons. First, we do not allow for
the outlets to “sit on information” or wait for a period before publishing.® Second, we assume
that the audience correctly finds out the state at the end of the game. Third, we assume that
the media outlet correctly finds out the state upon choosing to research. Almost all of these
assumptions can be relaxed to some degree without altering our predictions.

Finally, it is worth emphasizing that there is an informational value of the news to
the audience in our model. They want to know the actual state, which allows them to make
decisions or form opinions. Our model, therefore, does not deal with the entertainment value of

news where the audience enjoys getting the information.

2.2.3 Preliminary observations and strategies

We start with a few simplifying observations. All the proofs are in Appendix A.

Observation 2.1. If an outlet decides to publish int = 1, it follows its signal s, i.e sends m = s.

If an outlet decides to do research and then publish in t = 2, it follows the outcome of research.

Observation 2.1 follows from the fact that in ¢ = 1 the most informative signal is s.
Therefore, the most likely state is the one given by the signal. This is a standard result in this
type of environment and follows from the flat priors on the state. Moreover, in ¢t = 2 the outlet
choosing to research has learned the actual state and therefore, publishes it (independent of
what the original signal s stated). Thus, as long as there is a gain in matching the state, each
outlet follows its last signal, which is also the most informative one.

There is also a useful result arising from our particular signal structure and flat prior

over the state.

Lemma 2.1. If each outlet follows its last signal when publishing, the following results hold:

®We can show that for a sufficiently high v and relevant off-path beliefs, the outlets never choose to wait.
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1. The probability of matching the state after only s is 7.

2. Regardless of whether i decides to publish or research, from its point of view the expected

probability of player j matching the state without research is .

Lemma 2.1 will be helpful in writing the incentive compatibility conditions for the
players. Doing so will require each outlet to consider whether the other will do research and the
subsequent probability of matching the state.

It is useful to define precisely the strategies we will focus our attention on. Note first
that the only relevant and meaningful decision that deserves our attention is the one of the high
type outlet in period 1. From the the outlet’s point of view, this will be a threshold strategy
where the threshold is defined on the cost ¢ of research. The high outlet conducts research if
the realized cost c is less than some threshold cp (where subscript D represents the case of a
two firm duopoly).” From the other outlet’s (and the audience’s) point of view, define ¢, the
conjectured probability that outlet ¢ chooses to research further in ¢ = 1, conditional on outlet ¢

being a high type. Therefore,

0 cp < —¢
i = = = + =
o' =Pr(c <cp) = F(ep) 05’34_7: —e<c¢p<ec
1 cp >cC

We are now ready to move to the equilibrium analysis arising in different market

configurations.
2.3 Competition leads to better reporting

2.3.1 Newsroom dilemma with a single firm: Monopoly

Let us start with the simplest case: there is a single media outlet and its type is known

to the audience.

Proposition 2.1. If there is one media outlet and 0 is known to the audience, then the high

quality outlet conducts research with probability F'(0) = z5_.

In this case, none of the aforementioned incentives are at play. There is obviously no
preemption risk and there is nothing to do in terms of reputation. Every type of outlet gets

v+ 1{6 = h} so it is pointless to pay any cost for researching. The outlet is driven to research

only because of its intrinsic motivation.

"Similarly, the case of single firm monopoly is denoted by a threshold ¢, and in general, by a subscript M.
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The case of monopoly with unknown type is more interesting. Proposition 2.2 summa-

rizes the main result.

Proposition 2.2. If there is one media outlet and 0 is not known to the audience, there exists a

unique equilibrium in which the high quality outlet conducts research int = 1 iff

¢ < (1= m)(1(R) = /(W) = enr

where v(R) and v(W) are the audience beliefs about the outlet’s quality after it gets the state

ey (o*)+e
cte

right and wrong respectively. As a consequence, o* = F(cpr) =

Note that the preemption risk is absent in this case as there is only one outlet. v does not
play any role in the threshold above. But a high outlet is incentivized to do research to build a
reputation for being a high quality. However, this reputation cannot be based on the observation
of sequence or timing. The only relevant thing that the audience observes is whether the outlet
is right or wrong, i.e. whether m = w or not after the state is verified. Therefore, if the high
outlet is expected to choose to research with probability o, the two relevant belief updates are

c+(1—o)r

c+(1l—o)n+m

and ~() = (I1—-0)(1—m) 1l-0

Y(R) = T Ql-o)l-m+(1-7) 2-0

from Bayes’ rule. Now, it must be that the additional cost ¢ of choosing d = res is more
than compensated by the expected reputational gains from endorsing the correct state. This is

captured in cps of Proposition 2.2.

2.3.2 Newsroom dilemma with two firms: Duopoly

The main effect of competition is the introduction of preemption risk. When preemption
is relevant and reputation building is not, then the equilibrium where the high quality outlet
conducts research becomes even rarer than in Proposition 2.1. Proposition 2.3 below highlights

this.

Proposition 2.3. If there are two media outlets and 6 is known to the audience, there exists a
unique symmetric equilibrium in which the high quality outlets conduct research with probability
7h=F (=)

Intuitively, there is nothing to gain from conducting research in terms of reputation as 0
is known. The only reason to investigate further is if there is an intrinsic motivation to do so.
But now there is a preemption risk that reduces the incentives to investigate. However, if v is
sufficiently small relative to the intrinsic motivation (i.e. if v < 2¢), there will still be some

high outlets willing to investigate.
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The case of competition plus hidden types is the most interesting one. In this case,
both the preemption and reputation building concerns are simultaneously relevant and interact
with each other. Before we present the key proposition, we discuss how the audience updates
beliefs in this environment. Recall that the audience observes both the outcome of verification
O € {R, W} and the sequence of publication ¢ € {I,1I, @} for both i and j. Suppose now that
a high quality outlet chooses to research with probability o*. Then, for a given conjectured level

of o and o7, the relevant audience’s on-path beliefs need to be defined for the following events:

{(Rz,Rg), (Rz, Wg), Wz, Wg), (Wg, Rg), (R, Rn), (W1, Ru), (Ru, Ri), (Ru, W)}

where the first outcome-sequence element in each information set is outlet ¢’s and the second is
outlet 5’s.8

It can be shown that there are three relevant set of events for belief updating. The first is
when both the outlets get the state correct and they publish simultaneously.

olol + (1 —-0")(2—o')r
olol +(2—0%)(2— ol

. 2 .
V' (Rg, Ry) = 5 =7"(9)

Here the audience is unable to determine the actual timing of publication. It cannot distinguish
as to whether both conducted research (which happens only if both are high types) or both
published immediately (either because they are both low types, or because there is only one
high type and it faced a high cost, or because both are high types but they faced high costs).
With some abuse of notation, we denote the updated belief under “no information about timing”
event by v(9).

The second is when the audience is able to determine that outlet ¢ moved in ¢t = 1.

1— ot

2 — gt

’Yi(R@7 Wg) = ’Yi(W& Wg) = ’Yi(Wra7 Ry) = ’Yi(RI, Ry) = ’Yi(VVI, Ry) = = ’Yi(l)
This, of course happens when ¢ moves first and 7 moves second (independent of whether ¢
gets the state correct or not). But the audience is also able to understand it when the outlets
move simultaneously and at least one of them gets the state incorrect (since researching further
perfectly reveals the state). Here the only uncertainty for the audience is whether the outlet is
a high quality one that faced a high cost or a low quality one. We denote the updated belief

under the “published in period 1”” event by y(1). Observe how in these events the presence of a

8Note that it never happens that an outlet moves second in the sequence and gets the state incorrect. Any outlet
that moves second has conducted research and matches the state perfectly. Therefore, any event with Wy does not
occur on-path.
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competitor conveys to the reader some additional information about the type of each outlet.

Finally, the third is when the audience is able to determine that outlet ¢ moved in ¢ = 2.
7' (R, Bi) = 7' (R, Wi) = 1:=~'(2)

This only happens when outlet 7 moves second and gets the state correct, which in turn is only
possible if it is a high quality outlet. Therefore, the updated belief under “published in £ = 2"
eventis y(2) = 1.

Using these updated beliefs, a high quality outlet’s incentive compatibility can be written
as follows. For any given conjectured o/ and audience’s beliefs, a high quality outlet 7 with cost

¢* chooses to research further if

expected payoff from research

[0 (5 +91(2)) + (1 = i) +371(@) — ¢ 2

[/ 47 m) + (1= 09) (3 +2%91(@) + (1= 21 ()] + 5 (3 +7%() + (1 - w1 ())

1
2
1
2

expected payoff from publication

which further simplifies to

o)

.
IN
DO | =

[(3(2) =7 (1) (o7 = 2= o)) + 2= o) (1 =7 ()] = gv =y QD)

Proposition 2.4 then follows:
Proposition 2.4. If there are two media outlets and 0 is not known to the audience, there exists

a unique and symmetric equilibrium where c** = ¢7* := o* = F(cp) such that

[(41(®) ~ (1) (0" ~ (2~ 0*)x) +1] — 2o

N | =

Cp =

o* 2 —o* —o* 71_2 .
where (&) = ( ()Uf)gi@_)g)%z) and y(1) = =2,

Looking now at the cost threshold cp of Proposition 2.4, we can see the negative effect
of v. If preemption concerns are very salient (i.e. v is high), then separation happens for a
smaller range of ¢ making research less likely. On the other hand, the positive side of the
condition is given by the expected reputational gains of matching the state (and publishing

second).

2.3.3 Competition may lead to better reporting

The comparison between monopoly and duopoly when reputation building is relevant

(Propositions 2.2 and 2.4) provides interesting insights.
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Lemma 2.2. The reputational gains are always higher in duopoly than in monopoly.

The reason lies in the availability of additional information in the case of duopoly. First,
the presence of two outlets allows the audience to compare their contents, i.e. which states
outlets 7 and j endorsed. Second, it allows the audience to observe the sequence of publication
of the two outlets. Together, these two factors allow outlet ¢ to publish after outlet j, match the
state correctly, and signal its type more easily. In turn, this makes outlet ¢ more willing to pay
the cost of research. However, the additional preemption concerns in duopoly counterbalance
this positive information effect, and makes c¢p decreasing in v. The two effects combined yield

our first main result pertaining to the effect of Internet-driven competition on reporting.
Proposition 2.5. There exists a nonempty interval of v values where o7, > o3,

Basically, what Proposition 2.5 says is that there is a nonempty set of parameters where
research is more likely in duopoly than in monopoly. Therefore, competition may lead to better
reporting.

A good way to illustrate Proposition 2.5 is Figure 2.1. The orange line is F'(¢p), the
green line is F'(cys) and the blue one is the 45° line. The equilibrium probability of research
is given by the point of intersection of F.(cp) and F,(cps) with the 45° line. It is clear that
op > oy, for sufficiently small v.

Intuitively, reputational gains in monopoly are given by the increased probability of
getting the state right. In duopoly, the audience can use one extra piece of information — the
action of the other outlet, which includes the outcome of verification and the sequence of
publication. Hence, competition induces a trade off between those two forces pushing in
opposite directions. Importantly, this trade off is not obvious. The main point of Proposition 2.5
is precisely to point out that, contrary to the wisdom of the crowd in media studies literature,

competition does not necessarily lead to a faster release of less accurate information.

2.3.4 The role of audience’s information

The previous results relied critically on what the audience observes from the competition,
or simply the “transparency”. To build further intuition, here we analyze how changing
the transparency affects our result. In general, the effect of transparency on the possibility
that competition induces better reporting is non-monotonic. To see why, consider the two
other possibilities — nothing about the timing is observable and the timing of research is fully
observable. Our original assumption lies in the middle of this increasing transparency spectrum.
Of course, the content of publication is always visible to the audience, i.e. the audience observes

m.
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Unobservable timing or zero transparency. Suppose the audience observes neither the timing
of publication nor the sequence of publication. It simply consumes the content of the outlet
publishing the story. In this case, the behavior of the monopolist is exactly as before. Hence,
ey = (1—m)(v(R)—~(W)) does not change. In the case of duopoly, however, the endorsement
of the other outlet does not matter anymore in the updating. The audience considers each outlet
separately because nothing about the timing is observed. Therefore, v(R,.) = 7(R) and

~v(W,.) = v(W). The consequence is summarized in the following corollary.
Corollary 2.1. If neither time nor the sequence of publication are observable,

, 1
Cnh=cpy— =V
D 2

and therefore, ¢, < car for every strictly positive v.

Intuitively, there are no additional reputational gains because it is not easier to “look
good” in the presence of a competitor. In fact, the reputational part of the cost threshold is
exactly the same. But the additional risk of preemption pushes cp down.

Observable timing or full transparency. If the timing of publication is observable, the
monopolist can fully differentiate itself by publishing in period 2. This is possible because the
audience can now perfectly distinguish between period 1 and 2, and therefore, is fully aware of
whether research was conducted or not. Moreover, this is true in duopoly as well. In fact, the
actual content of the publication does not matter for the reputation-building, and differentiation
is driven entirely by the timing. As a consequence, the logic applies as before. The reputational
part of the threshold is the same, but preemption concerns reduce the incentives to investigate

and conduct research.

Corollary 2.2. If the timing of publication is observable,

1
yy=1—~(1) and 0%21—7(1)—51)

_1l-0c
— 2-0

where (1) . Therefore, ¢, < ¢}, for every strictly positive v.

Note that now the cost thresholds are bigger than in the previous information envi-
ronments. This is so because now maximum distinction is possible between the two outlets.
Therefore, the actual levels of reputational benefits are also higher. This is captured in the belief
updating,

1l-0

v(1) = —— butnow 7(2) = 1.
2—0
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It is worth emphasizing that both of these extreme transparency assumptions are some-
how problematic. Completely unobservable timing clashes with the idea of a scoop value,
or more generally with the preemptive nature of the media market. If the audience has no
understanding of when the publication happened, there is nothing to gain from being first. There
are only gains from ultimate publication. This is obviously not true in reality. Completely
observable timing, on the other hand, implies that the reader perfectly understands exactly how
much research went into an article. Therefore, the whole differentiation happens on the time

dimension, rather than on the truthfulness of the story. Again, this hardly seems true in reality.
2.4 Stories and the effect of better initial information

We are now in a position to discuss what kinds of stories are susceptible to more
speed-driven journalism and what aren’t. To do so, we place more restrictions on audience
preferences.

Let there be a unit mass of audience. For any given story, a fraction u of this audience
requires the information urgently. The audience seeks out the information because it has to
take an action (for example, vote or form opinions). Let this action be denoted by « € {a, b}.
Formally, if a = w, then the urgent audience gets a payoff of 1, and 0 otherwise. w is story-
specific and when the outlets get a story they also learn perfectly the value of w. The idea is
that those stories with a relatively high v are more urgent than others. These could include, for
example, information about whether a company has gone bankrupt, or whether the police caught
the terrorists, etc. Non-urgent readers, instead, derive utility from high quality journalism. For
simplicity, we assume that they derive utility of 1 from reading a well researched article, and
that they acquire the content only if they are sure that it has been researched.

Given these preferences, the audience can pick its most preferred outlet. Type v audience
always picks up the first outlet to publish the story, and 1 — w picks the second one. Therefore,
u is akin to v, or the scoop value from the previous analysis. When both of the outlets publish
simultaneously, then only w types are available. This audience chooses one of the outlets
randomly. In addition, we assume that the entire mass of audience is available for reputation
building.

First, observe that nothing changes relative to the monopoly case discussed in Proposi-
tion 2.2. As there is no sense of time order, the audience preference for urgency does not alter

the equilibrium. However, now the duopoly case looks different. Noting that the belief updating
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remains the same, the new condition for outlet ¢ conducting research becomes

expected payoff from research

{Uj (g —Q—,yi(@)) +(1- o'j)(l — U—Q—fyi(Z)) + %(1 _u+,yi(2)) _ >

(o7 ) + (1= o) (5 7 (2) + (=72 (0)] + 5

N = N =

5+ (@) + (1= 72 (1)),

expected payoff from publication

which simplifies to

Q&.
IN
N =

[((2) =4 (1) (07 — 2~ 09)7) + (2~ 07) (1 (1)) —07(1 —u)] + 1~ Su =2,

2
2.2)

Observe in condition (2.4) that the incentives to research have increased. By researching
and being the second one to publish the story, the outlet gets an additional 1 — u readers on top
of building a perfect reputation. Said another way, this dilutes preemption concerns as both the
first and the second mover have their respective markets. Therefore, we first need to check if a

symmetric and unique equilibrium ¢p exists a la Proposition 2.4.

Proposition 2.6. Let there be a fraction u of audience available to the first outlet publishing
and let ¢ > 2.5. If there are two media outlets and 0 is not known to the audience, there exists a

unique and symmetric equilibrium where 6 = ¢7* := 6* = F(¢p) such that

[(v(@) = 7(1)) (0" = (2= 5")7%) = 6" (1 — u)] + %(1 —u)

Note that while v was unbounded, u € [0, 1]. But an increase in the fraction of urgent
audience wu still has a negative effect on ¢p and decreases *. Therefore, a high fraction
of impatient audience pushes the outlets towards speed. The next proposition compares the
probabilities of research in the no-competition monopoly case with the duopoly case on the

basis of u.
Proposition 2.7. There exists an interior u, u € (0, 1) such that

e for stories withu < U, Cp > ¢y so that research by high outlets in duopoly is more likely

than in monopoly (Gp > o),

o for stories with u > U, Cp < cps So that research by high outlets in duopoly is less likely

than in monopoly (cp < oyr); and
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e for stories with uw = U, Cp = c)ps so that research by high outlets in duopoly is equally

likely as in monopoly (6p = o).

We can therefore see that competitive environments are better for research on non-urgent
topics. A good example is the recent New York Times exposé on sexual abuse in Hollywood. It
is reasonable to believe that sexual abuse in the movie industry does not directly impact a large
fraction of society. Yet, it was an important finding that will have a long-run impact as women
come forward and demand justice, and organizations respond. On the flip side, investigations
and research on urgent topics is less likely in competitive environments. The example of terrorist
attacks fits perfectly in this setting. In fact, after the Boston Marathon Bombings in April 2013
there was much confusion in the media and articles were published without fact-checking. The
intuition is simple: when a large fraction of the audience seeks information quickly, outlets
compete to be the first one to publish the news.

We can now also make assessments about the audience’s welfare.” The audience’s

welfare V' is defined as follows

(;)2 + 2%(1 — ")+ (;)2 (1—35%)*
e e e I ()2 (1-(1-0"))u

V:

4 2

The first term is the probability that the two outlets move together but do not research further, i.e.
they publish in ¢ = 1. As a result, the probability of matching the state is 7w and only fraction
u of the audience gets this payoff. The second term is the probability that there is a second
mover outlet that does research and therefore, the remaining fraction 1 — u receives this payoff.
Finally, the third is when both outlets move together in ¢ = 2 after researching further. In this
case, they match the state perfectly but fraction 1 — u does not receive this payoff.

As discussed in Section 2.1, another important effect of the Internet has been to make
it easier to conduct preliminary research. Emails and social media make it particularly easy
to share pictures, video and text from any part of the world. One way to interpret it is as an
increase in 7 or the precision of s. This, Knobel (2018) argues, should lead to better reporting.
We show below that that is not necessarily true. Our next proposition shows that the overall

effect of an increase in 7 on V' is dependent on the kind of story u being explored.

Proposition 2.8. There exists an interior u, 4" € (0,1), such that if u < @V an increase in

precision m of initial signal s decreases the overall welfare V.

“Note that even if the audience knows that outlets may be publishing without research, it is still better to listen
to the outlets rather than to follow the priors in decision-making.
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The intuition for this somewhat surprising result is easy. The equilibrium probability of
research falls as precision 7 increases. This is because a higher 7 reduces the reputational gain
that comes with separation. The audience attributes correctly matching the state more to better
initial information that comes costlessly due to better technology rather than actual research.
Preemption concerns, therefore, become more salient and push the outlets towards speed. Of
course, this is not a concern if the outlets were inclined towards speed-driven journalism to begin
with. However, it reduces the welfare and hurts the audience when the outlets are more accuracy
driven. This happens when the proportion of urgent audience type seeking the information is
low and then 7 increases.

Formally, the welfare of the urgent audience increases with an increase in 7.

oV, (2_0)2+ 2—6+1—6 86>0
= —7'[' _
on 4 2 2 on
because (2_46)2 > I_T‘_’ And the welfare of the patient audience reduces due to an increase in 7,

Vi 107

om _2%<0'

When the fraction of urgent audience is low enough, an increase in 7 hurts an average audience
member. Better preliminary research is good news for the audience only if separation does not
happen and is not desired. However it also discourages separation, which hurts the audience

when it is desired.
2.5 Information dissemination by a source

We now turn back to our original model and discuss the case of a strategic source. We
can use our model to determine how a source can share information with media outlets.

In general, our strategic source’s preferences are summarized by the following objective
function,

1{publication in ¢t = 1} + pPr(matching the state).

Therefore, the source has a preference for speed vs. accuracy. The parameter 1+ > 0 captures the
weight that the source places on accurate information from at least one outlet vis-a-vis having at
least one outlet publishing in period 1. For instance, a concerned citizen or an employee in a
firm witnessing some wrongdoing might have a high preference for accuracy. On the flip side, a
politically-motivated source who merely wants to get some potentially incorrect information
out quickly will have a low preference for accuracy. We want to determine whether a source

wants to share information with one or both the outlets to fulfill her objective.
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In line with our model, we will assume that if the source shares a story with both of the
outlets, both are aware that the other also possesses the same story. Therefore, the information
is shared “publicly”.!® But when the source shares information with just one outlet, we will
assume that the other is unaware. This allows the outlet with a story to effectively behave as a
monopolist from our analysis in Section 2.3.1. In addition, we assume that the source possesses
a story of a fixed precision 7. She makes her decision about who to share the story with at
the beginning of the game before time 0. The type of the outlet is still each outlet’s private
information; the source does not have this information when making her decision.

First, we make a simple observation that follows from our analysis of monopoly and
duopoly. (In what follows, we drop the star notation for convenience with an understanding that

we are talking about equilibrium values.)

Corollary 2.3. The equilibrium probability of research by a high outlet in monopoly opr > 0

while in duopoly is op > 0.

Corollary 2.3 is an important one. It highlights that while in monopoly the probability
of research is always positive; in duopoly it might be zero if v is sufficiently high. This corollary
will help us outline the behavior of a source who is aware of how high v is associated with her
story.

Second, we write down the expected utility of the source for the equilibrium research
probabilities that will be induced in the following subgame. The expected payoff from sharing

information with one outlet is
1 1
o (L4 pm) + Sloarp + (1 = ou)(1 + p)] (2.3)

The first term reflects what the source gets if she gives the story to a low quality outlet, and the
second term is for giving it to a high quality outlet. Similarly, the expected payoff from sharing
information with both the outlets is

1

0+ )+ 5[+ lon + (1= op)m)2 4+ 311~ 00)2(1 + ) + 205(1 — 00)(1+ ) + o

(2.4)

Again, the first term reflects the source’s payoff from facing two low type outlets. The second is
the payoff from facing one high type and one low type outlet. Note that in this case the story is

always published in the first period, but the high outlet matches the state only if it does research.

1%0ne may imagine a politician revealing some negative evidence about a competitor on Twitter as an example.
It is common for news outlets to pick up this information and relay it, either as is or after further fact-checking and
investigations.

74



The third term is the payoff from facing two high type outlets. Here, the possible situations are
that neither researches; one researches, or both research. The following lemma helps simplify

the source’s optimal response for a given o and o p.
Lemma 2.3. The source’s best response can be summarized as follows:

o The source prefers to share the story with both the outlets unambiguously for any p > 0

2 J—
% < o < o),

o Otherwise, the source prefers to share the story with both outlets if
(1 —m) (200 —op(d—op)) < 204 — 0%

The lemma shows that there is a range of equilibrium o, and op for which the source
always prefers to send information to both the outlets independent of . Interestingly, this
region lies around the o p = o)y line. Therefore, the lemma shows that for o, and op close to
each other there is reason to prefer both outlets. To understand why, let us break this down into
two further statements.

First, there are parameters where one outlet alone is more likely to research than when
it is competing with another (i.e. o3y > op) and p is very large, and yet the source prefers to
share the story with two outlets. This happens because a lower op is compensated by a higher
probability of investigation from more firms. But this requires o p and o, to be close to each
other. To see this, let us compare the total probability of research (and matching the state) from
sharing the story with one vs. both the outlets. When shared with one it is equal to %a M- When

shared with both it is given by

1 2 o7
Z[O’% +20p(1—0p)]+ 40D =D~ TD'

2
Therefore, despite op; > op the source shares the story with both outlets if cp — UTD > %0 M-
This condition simplifies to give us our upper bound

O'D(4—O'D).

om < 5

Second, there are parameters where one firm is less likely to research than two (i.e.
oy < op) and p is very low, and yet the source prefers to share the story with two outlets. This,
on the other hand, happens because competition between two firms ensures the story comes

out quicker despite each independent outlet researching with a higher probability. To see this,
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we now compare the total probabilities of the story being published in ¢ = 1 under the two
scenarios. When shared with one, this probability is equal to % + %(1 —oy) =1— 71 When

shared with both it is given by

1 2 1 5 o
-+ -4+-[(1- 2 1-— =1-—=
4+4+4[( JD) + OD( JD)] 1
2
So, now despite o;; < op the source shares the story with both outlets if 1 — UTD >1-— "TM
This condition simplifies to
2
g
> D
oM 2 2 ;

giving us our lower bound. But note again that for this argument to work op and o should
not be too different from each other. When this is the case, then what the source does depends
on her preference . (captured in the second bullet point of Lemma 2.3).

In Figure 2.2, the shaded gray region shows the combinations of op and oj; where
the source always prefers to share stories with both outlets. The region is enclosed between

@ (green) and o)y = % (orange), which includes o)y = op (blue).

g =
We now look at possible equilibria that can arise in the op — o space relative to the

source’s preferences. We begin by plotting an equilibrium frontier for a given ¢ and €.

Definition 2.1 (Equilibrium frontier). The equilibrium frontier is given by the combination of

equilibrium op and oy generated by varying € [.5, 1] for v = 0 and a fixed ¢ and ¢.

The equilibrium frontier, therefore, shows the maximum equilibrium value that op can
take for any equilibrium o (since op is decreasing in v from Corollary 2.3 and we are setting
v = 0). As proved in Lemma 2.2, when v = 0, op > o). Therefore, the frontier lies to the
right of the 45° line. In addition, note that it is upwards sloping. The positive slope is a result of
the fact that both o, and op are decreasing functions of .11 A north-east movement along the
frontier arises due to a decrease in 7. Figure 2.2 plots the equilibrium frontier for ¢ = 2 and
e = linred.!?

Once we have the equilibrium frontier, it is easy to see the set of all possible equilibrium
values that might arise for different parameter ranges. Particularly, increasing v is a leftward
movement from the frontier along the same o ;. For v sufficiently high, op = 0 while o7 > 0
(see Corollary 2.3). We are now left with comparing these equilibrium values with what the

source wants.

""The proofs have been omitted from the main text for the sake of brevity.
2We choose a high value of ¢ for graphical representation only. When ¢ is low, the range of o3 and o is also
small, and it becomes difficult to clearly see the equilibria graphically.
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Proposition 2.9. For a source with preferences given by p > 0,

o there exists an € > 0 small enough and two thresholds v > v such that if v < v the

02 —20 1
O'D(4—0'D)—20'1\/[ (l—ﬂ'

source sends the story to both if u > ) if v > v > v the source

always sends the story both, and if v > U the source sends the information to both if

20’]\/[70‘2D 1 .
H= 20 —0op(4—op) (1—m)°

o there exists an € > 0 large enough and a threshold v such that if v < v the source

sends the story to both, and if v > v the source sends the information to both if u <

200 —02, 1
20y —op(4—op) (1-m)°

Our third main result follows by setting ;4 = 0 in the above proposition. It pertains to
the situation where the source only cares about getting the story out quickly independent of
whether it is accurate or not. Political actors are often interested in doing so to highlight their
achievements or to bring out potentially damaging information about their competitors. Twitter
and other social media platforms are one way to communicate such stories, which are then

picked up by media outlets and relayed to the public without further research.
Corollary 2.4. When the source does not care about accuracy, i.e. |1 = 0,

o there exists an € > 0 small enough and v such that for v < v, the source sends the story

to one outlet, and sends to two in all other cases, and
o there exists an € > 0 large enough such that the source sends the story to both outlets.

The proof of both Proposition 2.9 and its corollary is by construction. The idea is
that when € is small, (at least a part of) the frontier lies below the orange line in Figure 2.2.
Therefore, there arise two thresholds on v where only the middle part lies between the two
curves. For a € high enough, there is only threshold on v as depicted in the figure. One can
easily get the result of Corollary 2.4 by setting ;- = 0 in Proposition 2.9.

Consider the intuition for the case of ;1 = 0. When the intrinsic motivation to conduct
research is high then independent of whether only one outlet has the story or both, the outlets
are more likely to conduct research. This is, however, not something a = 0 source desires. By
sending to both, she is able to create preemption risk as well (even for a low v). This improves
on the situation of sending to one as the outlets are more driven towards speed. On the other
hand, when intrinsic motivation is low, outlets are less likely to research. Now, the source
does not always want to share the story with both. Notably, when v is low the source wants to
share information with just one. Sending to both risks the outlets trying to separate by doing

research, thereby increasing the overall probability of research. However, again when v is high,
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the source is happy to share the story with both as preemption concerns will become salient for

the outlets.!3
2.6 Conclusion

There have been increasing concerns in the past decade about how the Internet has
altered the incentives of media outlets. Notably, media critics have argued that increasing
competition in the Interent era has pushed outlets towards speed-driven journalism. Our
model shows that conventional wisdom about the effect of competition and the modern digital
environment on the media market should be taken cum grano salis. We prove that competition
in itself may make it easier for high quality outlets to engage in more research-driven journalism
to separate themselves from the low quality outlets. For this to happen, it must be that the
action of one of the outlets is somehow informative about the type of the other. This result and
intuition finds support in some of the new media studies literature such as in Knobel (2018) and
Carson (2019).

It is, however, worth emphasizing the importance of a “sophisticated” audience in
generating the better-reporting result. We need the audience to place importance on the accuracy
of stories, and not always seek quick information. Gentzkow and Shapiro (2008) suggest
that scoop value is usually not too high in the media markets. But at the same time, some
media scholars have argued that the audience usually seeks information earlier on social
media. Similarly, our model shows the importance of the audience observing the sequence of
publication. This might also be an issue if technology perfectly “flattens the digital plain” (see
Section 2.1.1).

Our paper is one of the first to incorporate preemption and reputation concerns in a
single model by thinking of a natural setting where both incentives play a role. However,
there is further scope for research here. For instance, one may expand the model to include
news media bias. Bias and the speed-accuracy tradeoff can interact in interesting ways. If
bias makes reputational gains less salient (e.g. because future readership does not depend
on reputation) then it should push toward speed. On the other hand, if bias implies a less
informative publication and hence a smaller “scoop value”, then it may actually push toward
accuracy.

Our model also produces important testable predictions about how the modern digital
environment has altered the media landscape. First, we should see better reporting of non-urgent

issues in the Internet-age as the outlets try to build a reputation on such stories. Second, the

BThe intuition for the general case presented in Proposition 2.9 is similar but it is not easy to make sharp
predictions like we could with ;1 = 0 case. However, some additional predictions can be made by choosing specific
1 values. For instance, when v is very high so that cp = 0, the source prefers to send to one outlet only if p > 2.
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effect of the Internet on the reporting of breaking-news type stories is ambiguous. It might
improve because of better source information but might deteriorate because of more time

pressure.
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2.7 Tables

Table 2.1: Deep (first row) and simple (second row) accountability reporting (as a % of total front-page
stories in April) in a sample of 9 newspapers in the US for 1991-2011 in five-year gaps

Newspaper group Newspaper 1991 1996 2001 2006 2011 Average
Wall Street Journal 128 233 588 526 485 4.03

Large 30.77 22.09 2353 22.11 27.18 25.06
Washington Post 1.51 355 423 272 774 3.80

25.63 2741 3192 3750 36.13 31.43

New York Times 034 093 435 543 3.19 2.46

10.51 9.29 1826 19.57 28.72 15.82

Albany Times Union (NY) 6.35 1.22 345 412 3.61 3.64

Metropolitan 47.62 23.17 28.74 17.53 36.14 26.37
dailies Denver Post 0.00 485 180 3.06 5.13 2.92
23.33 2233 28.83 29.59 43.59 28.96

Minneapolis Star Tribune 246 1.15 1.83 286 5.00 2.68

31.97 36.78 22.02 3429 41.00 32.89
Atlanta Journal-Constitution  1.20 0.00 1.06 1.75 11.84 2.30
14.97 11.11 13.30 30.70 48.68 20.52

Small Bradenton Herald (FL) 0.93 1.61 1.14  1.27 1.44 1.26
19.44 3387 3295 2152 1942 24.16

Lewiston Tribune (ID) 0.00 0.00 0.00 0.00 1.45 0.32

2222 1525 40.74 2833 23.19 25.80

Average 1.26  1.81 292 325 446 2.69

21.52 19.78 2446 27.26 32.59 24.94

Source: The Watchdog Still Barks: How Accountability Reporting Evolved for the Digital Age. Knobel (2018).
The author analyzed the content of every front-page story that was published in the month of April (randomly
selected) in five-year gaps starting 1991 in a select sample of 9 newspapers. The stories chosen for deep and simple
categories involved the following procedure. First, the author eliminated stories that were breaking news. Second,
she eliminated stories that had no relation to public policy or politics. In all, she analyzed 1,491 stories in depth using
content analysis. Simple accountability reports/stories are those that took a few hours or days to complete, relying on
straightforward reporting such as interviews or reviewing published documents. Deep accountability reports/stories
are those that took weeks or months to develop and would have remained secret without the journalists’ work.
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2.8 Figures
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2.9 Appendix

A Proofs from the main text
Proof of Observation 2.1

Proof. Suppose that the outlet chooses d = pub. Without loss of generality, suppose that s' = a.

It is easy to see that Pr(w = a|s’ = a) > Pr(w = b|s’ = a) because

T3 (1-m)t

2
+(1—m) T+ (1—m)3

D=
N[ —

™

which is true because m > % O

Proof of Lemma 2.1

Proof. First part. Without loss of generality, suppose that s* = a. Then, if i chooses to publish,
it will endorse state a, i.e. send message m = a. by Bayes’ rule,

1
T2

Prlw=als*=0ad) = ———%—— =
( ’ ) +(1—m) m

3
N[
N[ —

as claimed.
Second part. We are interested in the probability that j matches the state from choosing

d = pub when i has received a signal s’. This is equal to

Pr(s’ = a|s")Pr(w = a|s’ = aand s) + Pr(s’ = b|s")Pr(w = b|s’ = bands’) (2.9.A.1)

Pr(s? and s?)

Note that, for a generic s7, by Bayes’ rule we have that Pr(s?|s’) = pr(s) — and
Pr(w = s7|s’ and s") = Pr(s? and s'lw = o7)Pr(w = s7)
Pr(sJ and s*)
As a consequence, (2.9.A.1) can be simplified to
Pr(s/ = aand s'|w = a)Pr(w = a) N Pr(s/ = band s'|w = b)Pr(w = b) (2.9.A2)

Pr(s?) Pr(s?)

However, since signals are independent conditional on the state,
Pr(s’ and s'|w = §7) = Pr(s?|w = §7) Pr(s'|w = §7)

Moreover, Pr(s/|w = s7) = 7. Hence, (2.9.A.2) becomes
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Pr(s'|w = a)Pr(w = a) + Pr(s'|w = b)Pr(w = b)
Pr(s?)

s =T

as claimed. O

Proof of Proposition 2.2

Proof. Suppose that a high type outlet chooses d = res with probability ¢. Reminding

ourselves from the main text that

o+ (1-o)r
V(R)_a—l-(l—a)ﬁ—l—ﬂ'
(1—-0)(1—m) 1l-0

(W) =

1-o)1-m+(1—-7) 2-0
from Bayes’ rule and using the fact that a low type outlet always chooses pub.

A high type outlet optimally chooses res if
VR)—czmy(R)+ (1 —m)y(W) = c< (1 -m)(y(R) —v(W)) :=cu

In equilibrium the conjectured o must be equal to the actual one, hence it must be that

o = Flen(o™)) = M) e

29.A3
c+e ( )

We need to check if such a fixed point exists. To do so, three observations are in
order. First, note that both the LHS and RHS of the above are continuous in o*. Second,
LHS(c* = 0) = 0 < RHS(¢* = 0) = (as cpy = 0 at o* = 0). Third, LHS(o* = 1) =

1>RHS(c*=1) = F(L‘r—;r) Therefore, the above is true.

_&
c+e

Finally, we need to check for the uniqueness of the fixed point. Note that

5RHS_1—7T[ (1 —m) 1

- o+ 0o )n a2 2_o0)2

> 0,
do*  i+e }

but the sign of

9’RHS  2(1 —m) (1 — )2 1
0(0*)2  C+e [_(a*+(1—a*)7r+7r)3 + (2—0*)3]
9%RHS

is not clear immediately. L 0 requires

—m(1 =122 =P+ (0" + A —0")n+7)3>0 (2.9.A.4)
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It is easy to see that the LHS of (2.9.A.4) is strictly increasing in o* for all 7 € (0.5, 1].
Moreover, the LHS of (2.9.A.4) when we substitute * = 0is —1 + 27 > 0. As a consequence,
the RHS of (2.9.A.3) is strictly increasing and convex. Combined with the above, it means that

there is only one fixed point in the [0, 1] interval. O

Proof of Proposition 2.3

Proof. If 0 is known, then by choosing pub in t = 1 a high quality outlet receives a payoff of

lv 1 v
§§+§[w+§(1_a) +1{6 = h),

where o is the (symmetric) probability that the high quality competitor engages in more
research. By instead choosing res and publishing in ¢ = 2 a high type outlet gets a payoff of
%a% + 1{6 = h} — c. Comparing the two, each outlet is willing to investigate iff ¢ < —%.
As a consequence, 0}, = F' (—%) in symmetric equilibrium. Research happens with positive

probability when —§ > —¢, which can be rearranged to v < 2e. g

Proof of Proposition 2.4

Proof. We complete this proof in several steps. To begin with, we conjecture that whenever an
outlet chooses to publish, it is optimal to endorse the state suggested by the signal. This will be

verified at the end of the proof.

Step 1: We begin by showing that in any signal-based equilibria outlets’ period 1 decisions on
whether to research or publish is described by a threshold on c. This follows from the discussion
in the text. Let o and o7 be the conjectured strategies. Then equation (2.1) defines the threshold

¢’ for outlet i.

¢ < 2 [(6(2) — /() (@~ @ = )) + (2 o)) (1 -4 ()] ~ go=chp @D

DN | =

where () = Z:Zjig:g:;g:gjgzz and v(1) = %:gz The problem is identical for

player j.
Step 2: Next, we show that for any ¢ there is only one o that solves the equilibrium fixed
point for player .

Given that cost is uniformly distributed in [—&, €] and that, in equilibrium the conjectured

probability of investigation must be equal to the actual probability, the equilibrium levels of ¢
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and o7 must be the solutions of

o' = F(ch(a',07)) and o7 = F(c}) (07, 0?))

where
0 ch(ot,0l) < —¢
F(cp(o',a?)) = CZD(U;_’F# —e <cdh(otol) <@
1 ch(ot,0?) > ¢
and

0 chohal) < —¢
f(cp(at,0?)) = EJ%s —e < dyh(otol) <@
0 ch(ot 0l) > ¢
We want to show that, for every o7, there is only one o that solves o = F(ct, (o', 07)).
1. The LHS is linear, with slope equal to 1, starting at 0 and ending at 1.
2. Asch(o' =1,07) <1 < ¢ the RHS evaluated at o’ =1 < 1 =LHS ato’ = 1;
3. The RHS evaluated at o* = 0 is greater than or equal to zero.

4. For any o7, both LHS and RHS are continuous in o*.

Hence, they cross at least once and there is at least one solution to this fixed point problem.

To show that they cross only once, we need to show that the slope of the RHS is never

. Second, (?) =

above 1. First, note that the slope of the RHS is either 0 or f(c},) 52 9ch

(07 —(2—0’)n?)r*(2—0”)
(of 09+(2 o) (2— (73)7r2)2’

whose sign depends on the sign of (o7 — (2 — 09)77 ) and aT(il) =
_1 |:(0'j—(2—0j)7r2)27r2(2—<7j) 2—72(2—07)

(2-07)? UZ)

(O'io'j+(2 O'i)(2 O'j)7r2)2 (2 O'i)Q ]Where

2
both terms are always positive. Third, we can show that the sign of 9o )2 is ambiguous, but

93
Wci’fg >0. Asa consequence the second derlvatlve is always increasing in o and the first

derivative is convex in 0. So, aa, \Jl 1> 801 |Ul _o-and ¢} '» reaches its steepest point around

o' = 1. Therefore, it is enough to show that |(,z 1 < 1. This requires
207 +(2—07) 1?2 > (07 = (2— )1 272 (2—0?) + (07 + (2— 07 (1 —7?) (07 4 (2— 07 )7?)
which further simplifies to

(07 +(2—oD)n?)2(2— 0/ =2+ 07) > —407 (2 — o7)*n".

85



This latter condition is always verified (strictly for positive o7/, weakly when o/ = 0).
Now, combining the above with the fact that ¢}, (0 = 1,07) < 1, implies that they

cannot cross more than once.

Step 3: Third, we show that if an equilibrium exists, it is unique for ¢ > 2.

Define 6(o07) the optimal o for a given o7, In equilibrium, it must be that

5469 (c%)) = o' (2.9.A.5)

Rearranging, the equilibrium is the solution of 6(57(0")) — o* = 0. Differentiating

96 967
069 Dot

with respect to o?, we obtain — 1 = 0. For the equilibrium to be unique (conditional on

its existence), it is now sufficient to show that the LHS is negative. This implies that only one

95" and 222 are between —1 and 1.
o6J oo’

fixed point of (2.9.A.5) can be found. This happens when
As the players are identical, it is enough to show that this holds for one of them.
To show the above, begin by noting that ¢?(¢7) is implicitly defined by the unique

solution of o — F'(¢%; (0%, 07)) = 0. (Going forward we drop the notation with an understanding

Ci . . . .
D | ;_; <1, we can use implicit function

. . o
that we are concerned with optimal responses.) As 55

theorem. Therefore,

. OF(cty)
Oo" Do

- = do- 2.9.A.6
doJ 1— 8};(9’[}) 2.9 )

Consider first the denominator of (2.9.A.6). From Step 2, we know that it is always

positive. Moreover, it will be smaller the bigger is 97(b)  On the other hand, it is the biggest

dot
OF(c) OF(c)
dot dot

i
% As this
=

when is zero. When

is non-zero, it is linear and increasing in
reaches its maximum for o = 1, we simply replace it and look for a maximum with respect to
a’.

i
och

ML o lpizy = +2— 722 —0%)

[(aj — (2 —0%)7?)27r2(2 — o)
(07 + (2 — 09)mw2)?
407(2 — 07)274

[ (0 + (2 0d)m2)?

N~ N

I
—_

where the second equality is a rearrangement and the third one follows from the fact that this is

maximized for o7 = 0.

OF(ct . .
As a consequence, maz i ;i % = EJ%E and the smallest the denominator can be is
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. OF(c act,
Second, consider the numerator. af; p) s either zero or ET& 55 - Further, note that

dcp 1 [07'(9)
dci 2| Ooi

(0 — (2~ o¥)?) +7(2) + 72(7(2) — /(1)) ~ 1[.  QIAT)

Finding the overall maximum and minimum is complicated, so we look for sufficient

‘(2)

conditions. We start out by looking at dg .
ag

. After few algebric manipulations, we derive

n(@) 2072
doi (ool + (2 — 0%)(2 — 09)72)?

Its sign is positive, but it is hard to determine the maximum. We proceed as follows. First, note

that
0*4i(2) —4(0t — (2 — oV )n)o'ln?

d(oh)2  (oioi 4 (2 — 0%)(2 — 09)72)3

whose sign is ambiguous. However,

03~ (D) B 12(c" — (2 — o%)7?)20'n?
A(ai)3  (0tod + (2 — o) (2 — 09)m2)4

(D) - S TR
% is a convex function in o7 which is

which is positive. This implies that (for any ¢?)

maximized either at 0/ = 0 or at 0/ = 1. By substitution,

' (2) g = o’
dgi 177 272(2 — 0%)?
o (@) B 2072

Ol loi=1 = (ot + (2 —o)mw2)?

because the

Still we are left to determine the maximum possible value of 6“5105]-@)

comparison is not straightforward. But we can show that for every m, max B'YT'(J-@) lgizo >

maz, 60] )\ oi—1- 1o prove this, first see that

'(9) 1

max,: j
o Hgd |0’ =0 — 272

(@)

But to get maz,i % |l pi=15

o (07'(2), 0 202 _2n%(o" + (2 — o')w?) — 4(1 — 7?)o'w?
Dot \ 0oi =) T 9ot \ (0t + (2 —0t)m2)2) (0f + (2 — o¥)72)3
(%ot ) = s )

(2.9.A.8)

27r

Note that the relevant expression in (2.9.A.8) is always positive for 0% < . For a sufficiently
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high 7, this includes the whole range of values of o’. Hence, the function is maximised at

ot =1, and '
o' () B 272
mal'o.ii.b.j:l = m

0o’

4 . .
But now it is easy to see that 2772 > m requires 1 + 272 — 37* > 0, which is always true
for m € (0.5, 1]. Therefore, our claim of maxai%w:o > Maxyi 8767(?)

'(2) _
However, for low 7, we have that argmaz,i =5 7 |,i=1 = 1->2

| i1 is true.

€ [0, 1]. In particular,

271.2 272
this happens for 72 < . Even in this case, it is easy to show that 2% > <21’2”2> 3
((1-m2) (2227 ) +27)
requires 72 < 2, ie. it is always the case in the range of parameters of interest. As a

3
' (2)
g'?

B'y (@ o' v'(2)

doJ

consequence, we have that mazx lgi—o > Maxi |si—1- Since we want as
big as possible, we can set it as i for our sufficiency conditions.
Given this, the lowest value the numerator of from (2.9.A.6) can be found by

making the relevant replacement from above to (2.9.A.7). Therefore,

min

OF(cp) . 1 1[212( 22)_1}:—;15'
s C

o%07 T 5gi c+e
(0'-7—(2—0"7)71'2) = —27‘(’2, minai’(,jvi(@) Z 0’ mino'i,aj (’71(@)_

To see this, note that min ;i ,;

4%(I)) > 0. Therefore, our first sufficient condition for the uniqueness of the equilibrium is

which simplifies to ¢ > 2, as assumed.

Looking now at the upper bound, again by replacing in (2.9.A.7) note that

OF (¢! 1 11
max i (CD) < [2 3

1 1— 72
2 2
7 §oi ct+e2 (=) +1 1] [ ]

2(¢+¢e) | 2n2

To see this, note that max i ,; (07 —(2—0)7?) = 1=, maz i 57 () < 1, maz,i 5 (7' (2)—

74(I)) < 1. Therefore, our second sufficient condition for the uniqueness of the equilibrium is

1 1—72 2
2(c+e) [ nz T }

-

<1

The numerator is maximised at m = % hence the condition simplifies to ¢ + ¢ > 12 Again,

this is satisfied for ¢ > 2.

Step 4: Fourth, we show that a symmetric equilibrium where 0™ = ¢7* = ¢* always exists.

Therefore, it is also unique among the set of signal-based equilibria.

88



Because of symmetry, the equilibrium must be the fixed point of
o' =0l = 0" = F(cp(a™)) (2.9.A.9)

where from (2.1)

(0" — (2= 0" )r2) 41| — 2o

2

; K(U*)2 +(1-0"2-0*)n% 1- a*>

cp(a’) =5 (0)2 + (2 — 0*)272 T 9 o+
Looking at (2.9.A.9), note that both LHS and RHS are continuous on the [0, 1] interval.
Moreover, RHS(¢* = 0) > 0 = LHS(0*) and RHS(c* =1) <1 = LHS(c* =1). Asa
consequence, there exists a solution in the [0, 1] interval. From the previous steps, we know that

this solution is unique.

Step 5: Finally, we show that in the symmetric equilibrium it is optimal to endorse the state
suggested by the most informative signal.

Assume that player j behaves as in the equilibrium described above. Now, by endorsing
the wrong state in period 2 player i shifts beliefs from v¢(2) = 1 to v*(1) if it is the only one
publishing in that period, and from v*(2) to v¢(1) if both outlets publish in period 2. In both
cases, sticking to the correct state is at weakly dominant.

If outlet ¢ chooses to publish in period 1, by endorsing the least likely state outlet ¢
is indifferent if it is the only one to publish in that period. If instead outlet 5 publishes in
period 1 as well, the expected reputation of outlet ¢ by endorsing the state suggested by the
signal is 727' (@) + (1 — 72)~»%(1). By endorsing the opposite state, the expected reputation is
™' (1) + (1 —m) [7v"(@) + (1 — m)7*(1)]. Again, the former is strictly bigger than the latter
because 7' (@) > 7i(1). O

Proof of Lemma 2.2

Proof. To show this, we compare the cost threshold in monopoly and duopoly shutting down
the preemption concerns, i.e. assuming v = 0. We want to show that in this case cp > cyy.

This would require

% [(v(2) =7(1) (0 = (2= 0)7°) +1] > (1 = ) (v(R) —~(W)) (2.9.A.10)
Observe that y(1) = (W) = 31=2. Moreover, define (&) —7(1) := A. We can now rearrange

equation (2.9.A.10) so that it becomes
1 1 9
5 Ao +1]> (1 =m)(vr = X) + A2 —o)m (2.9.A.11)
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Ll Zero

1.0

Figure 2.A.1: Proof of Lemma 2.2: Provmg 4> 0. Orange plane: iA, blue plane: 0.0 +-0.7
in T — o space.

o2
2—0)(02+(2—0)?72)"

Now, after the relevant substitutions A can be simplified as A = 0

As a consequence,

0A  20(2—0)(c*+ (2 —0)*r?) — 0%(0? + 3(2 — 0)*n% — 20(2 — 0))
do (2=0)(0? + (2 - 0)?7?))?

(2.9.A.12)

Signing (2.9.A.12) is not easy in its current form. However, it is clear that limaﬁgg—ﬁ =0.
Moreover, we can rearrange A in a more tractable way. In particular, A = m@ where

B = 2?70 Since B > 0 and ‘?9—]3 = —U% < 0, it is now easy to see that

94 1+7’B-2m’BYE(2-0)
oo ((2—o0)(1 +n2B2))2

> 0.

f@A

The sign o is even more complicated, but as A is defined over just two parameters,

o € [0,1] and 7 € (0.5, 1], we can prove graphically that 4 > 0. In particular, Figure 2.A.1
shows that (the orange plane) is always strictly above the zero (blue plane) for the entire

set of relevant parameters.

) 8LHS d £LHS 52 LHS

It is now straightforward to see that in equation (2.9.A.11 > 0 an > 0so

BRH S

the LHS is strictly increasing and convex. Moreover, > 0.

To complete the proof, we show that LHS(o = 0) >RHS(c = 1) forall 7 € (0.5,1).

This requires

1>1—w+1 2
27 147 21+7n2
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which further simplifies to

1-3r+2r2—27% <0

Noticing that the LHS of the above is strictly decreasing in 7, and it remains negative for both

™= % and 7 = 1, completes the proof. O

Proof of Proposition 2.5

Proof. This follows directly from the strict inequality of equation (2.9.A.10) and the fact that v
only reduces its LHS, without affecting the RHS. g

Proof of Corollary 2.1

Proof. The behavior of the monopolist is unchanged with respect to Section 2.3.1. Looking at

the duopoly case, by Bayes’ rule

N ) LA A
’V(R’)_(lfo'l)ﬂ'ﬁ»od%»ﬂ'_,}/(R)
i 1o i
TW) =g =7 W)

Therefore, the cost threshold for research is given by

[0 (3 4(R)) + (1= oW (R)] + 57 (B) — >

o7 (0479 (R) + (1= ) (W) + (1= o7) (54 77/ (R) + (1 = w1 (0)) | + 5 (

N[ =N =

—

which simplifies to

c< (1 —m)(Y(R) =+ (W) - zv:=c) (2.9.A.13)

Note that the first part of (2.9.A.13) is the same as cjy, and the only term that changes
is —%v, making it smaller than cy.
In terms of existence and uniqueness of the equilibrium in this set up, note that ¢* and

o7* are the solution of the same fixed point problem, i.e.
0" =F(cp(o))
where ¢, = ey — %v. The same logic of the proof of Proposition 2.2 applies here as well.

Hence the equilibrium exists and it is unique and symmetric. O
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Proof of Corollary 2.2

Proof. Consider first the case of monopoly. Here, only the high quality outlet can publish in

period 2, and this is observable. As a consequence,

7(2) =1

_1—0
C2—0

(1)
The monopolist chooses to investigate when ¢ < 1 — (1) := ¢,.
In duopoly, the beliefs are updated the same way. Each outlet is considered indepen-
dently and only the timing matters. The threshold is, therefore, given by

S G ra-on] 4 ez [0 (0 0) + (- o) (344 m)] 45 (5 +(0).

It follows then that ¢, = 1 —4%(1) — $v = ¢, — v < ¢}, as claimed.

In terms of existence and uniqueness, note that o* is the solution of
o =F( (%))

The RHS is continuous on the [0, 1] interval and, irrespective of the market structure, it is
either strictly increasing and convex or flat. Moreover, RHS(c* = 0) >LHS(c* = 0) and

RHS(c* =1) < 1 =LHS(c* = 1) since ¢ > 1. O

Proof of Proposition 2.6

Proof. We proceed in steps as outlined in Proposition 2.4. We drop the bars from o for

convenience.

Step 1: We begin by showing that in any signal-based equilibria outlets’ period 1 decision on
whether to research or publish is described by a threshold on c. This follows from the discussion
in the text. Let o and o7 be the conjectured strategies. Then equation (2.2) defines the threshold

¢’ for outlet i.

i Lo i j j j i j 3 i
< 3 [(’y (@) —~'(1)) (67 — (2 — o)) + (2 - %) (1—7 (1)) —d/(1 —u)} +1- QU= Cp
2.2)

where (2) = Z:g;ig:gi;g:gjg;z and v(1) = é:gz The problem is identical for player j.

Step 2: Next, we show that for any ¢ there is only one o' that solves the equilibrium fixed
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point for player .
All of the definitions from Proposition 2.4 remain unaltered.

We want to show that, for every o7, there is only one o that solves o* = F (¢, (o, 07)).

1. The LHS is linear, with slope equal to 1, starting at 0 and ending at 1.

2. Now, &, (0" = 1,07) = (o' = 1,07,0 =0) + (1 —u)(1 — “2—3) where each term is
less than or equal to 1. But since ¢ > 2.5, therefore ﬁb(gi =1, od ) < ¢. As aresult, the

RHS evaluated at o’ =1 < 1=LHS ato’ = 1;
3. The RHS evaluated at o = 0 is greater than or equal to zero.
4. For any o7, both LHS and RHS are continuous in ¢

Hence, they cross at least once and there is at least one solution to this fixed point problem.
Further, note that ¢’, behaves the same way as ¢, with respect to . Therefore, the rest

of the proof in this step is as before.

Step 3: Third, we show that if an equilibrium exists, it is unique for ¢ > 2.5.
Other than changing the relevant definitions to include o, nothing changes in this step

. oL
until we evaluate —ac?
g

aﬁb. _ ! avi(.@)(aj
doJ 2 0o

— (2= o)m®) +94(2) + 7 (7'(2) = 7'(1) — (2~ )

(2.9.A.14)

Again, the rest of the proof remains unaltered until we find the first sufficient condition.
The lowest value of the numerator of % from (2.9.A.6) can be found by making the relevant
replacement from above to (2.9.A.14). Therefore,

1 1(—2772)—(2—@]: _ <3;“>

OF(e%) 1
c+e2 |2n2 c+e

7 Do

min

>

Therefore, our new first sufficient condition for the uniqueness of the equilibrium is

__1 (3=u
cte ( 12 ) > _17
e
which simplifies to ¢ > 5_7“ The highest value possible of 5_7“ is 2.5 at w = 0, which is

assumed.
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Looking now at the upper bound, again by replacing in (2.9.A.14) we get

C OF(ep) _ 1 171
7 Pot T e+e2 | 2n2

(1_7r2)+1+772—2+u] :2(cl+5)[

1 5 3
+7 —+ul.

max ﬁ — )

Therefore, our second new sufficient condition for the uniqueness of the equilibrium is

1 1 2 _ 3
2(c+e) [2772+7T1 — 5+ <1

cte

The numerator is maximised at m = %, hence the condition simplifies to ¢ + ¢ > ”TH Again,
this is satisfied for ¢ > 2.5 since 25 > “£2 for u € [0, 1].

Step 4: Fourth, we show that a symmetric equilibrium where 0™ = ¢7* = ¢* always exists.
Therefore, it is also unique among the set of signal-based equilibria.

Because of symmetry, the equilibrium must be the fixed point of
o' =0/ = 0" = F(cp(o¥)) (2.9.A.15)

where from (2.2)

o* 2 —o* —o* 77.2 —o*
() =3 | (Tt et - D) - - - )| - S - w

(2.9.A.16)

Looking at (2.9.A.15), note that both LHS and RHS are continuous on the [0, 1] interval.
Moreover, RHS(6* = 0) > 0 = LHS(¢*) and RHS(¢6* = 1) < 1 =LHS(¢* = 1). As a
consequence, there exists a solution in the [0, 1] interval. From the previous steps, we know that

this solution is unique.

Step 5: Finally, we show that in the symmetric equilibrium it is optimal to endorse the state
suggested by the most informative signal.

This is true because now there is more incentive to build a reputation. Since reputation
requires matching the state, there is even less reason to not endorse the state suggested by the

most informative equilibrium. O

Proof of Proposition 2.7

Proof. We drop the bars for convenience. First, note that cp is decreasing in u. This is so

because it can be rearranged as



L RHS
kLl LHS
B Zero

1.0

Figure 2.A.2: Proof of Proposition 2.7: Proving LHS < RHS. Orange plane: RHS, blue plane:
LHS and green plane: 0.0 + 0.7 in the m — o space.

where % — "7* > 0 forany o* € [0,1]. Also, c¢ps and o}, do not change with w.

Second, consider the case when u = 1. We will show that ¢p < cjps. This requires

[(v(2) = 7)) (o = (2= 0)7*)] < (1= m)(v(R) — v (W)).

N

Using the terminology introduced in Lemma 2.2, we can rewrite the above as
1 1 9
§AO' <A =mHR) —~v(W)) + QA(Z —o)m”.

Now, both the LHS and the RHS of the above equation are only functions of two variables, 7
and o, which are defined on compact and continuous sets. Therefore, we can plot them in a
graph (see Figure 2.A.2) and check that the above is true.

Third, consider the case of u = 0. We want to show that ¢p > cjs. This is equivalent

to showing that

[(v(@) = v(1))(o = (2= o)7*) — o] + g > (1 =m)(v(R) = »(W)).

| =

We showed in Lemma 2.2 that cp(v = 0) > c¢ypy. It is easy to check that cp(u = 0) = c¢p(v =
0) + 1 — 4o where 1 — 0 > 0 for all o € [0, 1]. Therefore, ¢p(u = 0) > cp(v = 0) > cpr.

Combining the three parts above, our result follows. O
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Proof of Proposition 2.8

Proof. We drop the bars for convenience. Reminding ourselves that

V= <(24”)> U+ %a*(l —u) + (;)2 (1= (1=0")?)u,

we first take the first derivative of V' with respect to 7 (we drop the stars and D in what follows

for convenience).

o (270)2+ B (270)+17u+ (1-0)] 0o
or 4 T > Y9 | an
_ ~)2 _ _
_ 2z0)  1-u@rto(l = 7)) do (2.9.A.17)
4 2 om

Now, we need to show under what conditions % < 0. Reminding that o is implicitly

defined by (2.9.A.15) define

1 3 1 e

Ki=o— 5[(7(@)—7(1))(0—(2—0)7r2)—a(1—u)]+§(1—U) e otz

Further, using the definitions in the proof of Lemma 2.2, we can rewrite K as

1 3 €
K=oc———|Alc —(2- Heol-—u)l] - ——1—0u) — ——
7 2(¢+¢) [Alr = (2= 0)m) — ot —u)1] 2(E+5)( v) 2(c+¢)
Differentiating and simplifying, we first obtain
oK 1 —21B*(0 - (2—-o)r%)  2n
or 2 +e)| (2—0)(1+72B2)2 1+ 72B?

1 1+B
- 2(e+e)(1+m2B2)2 7 7

and second we obtain

‘2{::1—2(518) [?;:(o—(2—0)772)+(1+W2)A—(1—u)}
1 1 [0A
=1+ 2(E+€)(1_u)_72(6+£) 80<U_<2_U)7T2)+(1+7T2)A]
1 1 9dcp
TS A=y

where cp is the cost threshold we derived in Proposition 2.4.
We can now show that %%’ < 1 in the neighborhood of the equilibrium ¢. The proof

for this is presented in Proposition 2.12 (Appendix C) for a generic prior q. Therefore, it is also
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true in our special case of ¢ = %

Putting these two facts together and using the Implicit Function Theorem, we can now
conclude that g—z < 0.

Finally, we want to find the condition under which %—Z < 0. From (2.9.A.17), this

happens when

u(2 —40)2 - 1—u(27rJ;a(1—7r)) (‘2;:)’

where (—g—z) := 0 > 0. This can then be rearranged to

u < <(2_0)21+27r+0(1—7r)>_1:

2 Or

fLV

v

Now, it is easy to see that the denominator of @ > 1 because 27 > 1. Therefore, @" exists

and lies between 0 and 1. O

Proof of Lemma 2.3

Proof. Comparing the source’s expected utility given by expressions in (2.3) and (2.4) and

simplifying gives the following condition to prefer two firms:
(1l —7) (200 —op(4—op)) < 200 — 05 (2.9.A.18)

Now we discuss different cases based on possible values of o and op.
Case 1: v is very high so that op = 0. Substituting in 2.9.A.18 gives that the source prefers to
send the story to both outlets if

>1

<
'u_l—ﬂ'

Therefore, if v is very large it is possible that ;o > 1 (so that the source cares relatively more
about matching the state) and op = 0 (so that in duopoly no one does research), but still the
source prefers to share information with both the outlets. This happens because 7 > .5 and the

source still cares about getting the information out quickly.

Case 2: v is high enough so that op < ojs. Now, the RHS of equation (2.9.A.18) is greater
than zero. But first, o p might not be too small so that in the LHS < O i.e. 20y < op(4 — op).
In this case, sending to both is always preferred independent of n. Therefore, sending to both is
preferred if

4_
aD<aMs"D(2"D).

Second, o p might in fact be very small so that on the LHS > Oi.e. 20y > op(4—o0p).
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In this case, sending to both is preferred only if

2(7]\/[—0%j 1
B= o0 —op(d—op)(1—m)

Case 3: v is small so that cp > o)s. Again there are two possible situations. First, consider
the case in which op is not too large so that the RHS of equation (2.9.A.18) is still positive,
i.e. 20 > a% — op > % Now, in this case we want to see whether the LHS can be
negative i.e. if oy < w. But this must be true because op > ojs and we know that

w > op. Therefore, the LHS is negative and the RHS is positive, so the condition

outlined in (2.9.A.18) is satisfied. Sending to both is always preferred if

0_2
7D§0M<O'D.

2
Second, op might in fact be very large so that the RHS is negative, i.e. o3 < UTD. Now,

W which contradicts

it cannot be that the LHS is positive because that requires op; >
oy < op. Therefore, LHS must also be negative. From condition (2.9.A.18), the source prefers

both outlets only if
UZD — 20 1

op(4d—op) — 20 (1 —m)

=

Case 4: v is such that cp = o7 := 0. When this is the case, the condition (2.9.A.18) reduces

to

—p(l-m)(2-0) < (2-0)

which is always true. Therefore, sending to both is preferred.

Our result follows from combining all the above cases. 0

Proof of Proposition 2.9

Proof. The proof is by construction. We have already constructed the equilibrium frontier and
the set of all possible equilibria for a given ¢ and ¢.

We now show what happens as ¢ — 0. Consider o, first. From Proposition 2.2,
observe that as ¢ — 0 LHS(0 = 0) = 0 ~ RHS(¢ = 0) = z5. — 0 in equation (2.9.A.3).
Therefore, for any 7 the only fixed point equilibrium — 0.

Now, consider op at v = 0. Fix a 7. We know that as ¢ — 0, since cp(o = 0) = %,
we have that RHS(c = 0) — 4 in equation (2.9.A.9). But this is strictly greater than

2
LHS(0 = 0) = 0. Therefore, the equilibrium fixed point o, > 0 and also UTD > 0. Moreover,

this is true for any 7.
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Therefore, in the op — o space as € — 0, the equilibrium frontier lies below the
2
oM = UTD line.
Now, let us look at what happens as € — co. Given that the fixed point is defined by
* c*+e

0" = 7, both opr and op approach 1 (without ever being exactly equal to 1). However,

because the frontier is defined for v = 0 case, the frontier lies close to and to the right of the
oy = op line.

Combining the two observations above with Lemma 2.3, we get our proposition. [
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B Allowing for sitting on information

In this appendix, we show that allowing outlets to “sit on information” (i.e. just refrain
from publishing until period 2 without acquiring the additional signal) does not preclude the
equilibrium outlined in Proposition 2.4. We prove it formally for sufficiently low 7 and then
use mathematical simulation to argue that it holds more generally. Uniqueness of such an
equilibrium (among signal-based equilibria), however, is not obvious anymore. We make only
one change with respect to the model described in Section 2.2. Now d* € {res, pub, wait},
where d’ = wait means that the outlet does not acquire the second signal but still publishes in
period 2.

This addition poses some challenges in the tractability of the model because the choice
is no longer just between two options and strategies are not necessarily just thresholds in c.
However, even in this more complicated setup we can show a few results. First, for sufficiently
low T, it is possible to find values of v such that the equilibrium described in Proposition 2.4
exists; waiting is never a best response if the other player never waits and o7, > 0},. Second,
we can simulate the model showing that we can assign values to v such that, for the resulting
equilibrium o7,, publishing in period 1 is better than waiting and at the same time o}, > o7;.

We begin with the following lemma considering that we are interested in the (candi-
date) equilibrium strategies described in Proposition 2.4 where d’ = wait is never played in

equilibrium.

Lemma 2.4. It is always possible to find off path beliefs such that, for sufficiently high v,
Eu'(d® = wait) < Eu'(d’ = pub).

Proof. Note that (W, .) is off-path in the equilibrium we are considering. For any (&) and

(1) as defined above, the expected utility from choosing d* = wait is

1

3 (5 +m(@) + (=71 ) + (0= + 3 ) (4 (0= 1) 298.19)

On the other hand, the expected utility from publishing immediately is given by

L9 (o2 (1) + @(1 o)t ;) O+ m23(2) — 1) +1(1)  @9B20)

Comparing (2.9.B.19) and (2.9.B.20) and solving for v, we find that Eu’(d' = wait) <
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Eu'(d® = pub) when

v oln(v(9) = 7(1) = (2= 0?) [7*7(@) + (L = 7°)y(1) — 7 — (1 — 7)y(W, )]
(2.9.B.21)

Therefore, it is possible to find v and (WY, .) such that the above condition is satisfied. [

This makes intuitive sense as a sufficiently high scoop value should always deter sitting
on information. From now on, we set (W, .) = 0 and we define v := o/7(y(@) — v(1)) —
(2= 0) [m?y(2) + (1 = 7*)y(1) — 7].

We can now move to the main proposition.

Proposition 2.10. For sufficiently low m, it is possible to find values of v such that the equi-
librium described in Proposition 2.4 exists. In such an equilibrium, waiting is never a best

response if the other player follows the equilibrium strategies and o}, > oy.

Proof. Suppose that player j always publishes when low type and chooses just between pub-
lishing or researching when high type. Moreover, suppose that the audience conjectures that
both players use the equilibrium strategies described by Proposition 2.4. For this to be an
equilibrium in the new setup, it is sufficient to prove that, given the correct audience’s beliefs
updating, for every o, Eu’(d’ = wait) < Eu'(d’ = pub). To show this, first we prove through
Figure 2.B.3 that g—g > 0. Moreover, Figure 2.B.4 shows that there exists a range of 7 such
that argmaz,v(n) = 1. In the figure, it happens for 7 € [.5, .6]. As a consequence, for every
v>0(0c =1,7 €[0.5,0.6]) it is true that, for every o, Eu(d' = wait) < Eui(d’ = pub). In
other words, if the audience conjectures an equilibrium where no types and no players choose
to wait and the choice for the high type is just between publishing and researching described by
a threshold strategy on c, behaving in this way is an equilibrium strategy for the outlets.
Finally, Figure 2.B.5 plots c¢;; and c¢p(v(oc = 1)) for sufficiently small 7, proving
that we can still increase v from ©(0) maintaining the necessary condition for o}, > o}, i.e.

cp > CM. O

When © > 0.6, we can show the existence of our candidate equilibrium through
mathematical simulations. Consider for example the following set of parameters: © = 0.75,
v=0.7,¢ = 2,e = 0.1. In this case, the equilibrium described in Proposition 2.4 (assuming
it still exists) gives a solution o}, = 0.118219.'* Suppose now that player i expects player j

to never wait and choose to research (if it is high type) with probability 0.118219. Further,

“We simulated the model with Mathematica. The code is available upon request.
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Figure 2.B.3: Proof of Proposition 2.10: Proving % > 0. Orange plane: g—fr, blue plane:
0.0 4+ 0.7 in the m — o space.

Figure 2.B.4: Proof of Proposition 2.10: Proving argmaz,v(m) = 1. Orange plane: v(7), blue
plane: 0.0 + 0.7 in the m — o space for 7 € [0.5, 0.6].
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)) > cup. Orange plane:

Figure 2.B.5: Proof of Proposition 2.10: Proving cp(v(c = 1
5,0.6].

¢p(v(o = 1)), blue plane: cjy in the 7 — o space for 7 € [0.5

suppose the audience think that both outlets never wait and research (if they are high types)
with probability 0.118219. In this case, Eu'(d’ = wait) = 0.754218 and Eu’(d’ = pub) =
0.841236. Hence, there is no incentive to choose waiting instead of publishing, and the
meaningful choice is just between researching and publishing. The solution to this problem is
the same as that described by Proposition 2.4. Finally, Figure 2.B.6 shows that, for 7 = 0.75
and v = 0.7, it is still true that cp > ¢y for every o. More generally, Figure 2.B.7 plots cjs
and cp (in the m — o space) by replacing v with the corresponding v. Still, cp is above cjps

throughout the entire range of parameters of our model.
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Figure 2.B.6: cp > cjs for m = 0.75 and v = 0.7. Orange line: ¢y, blue line: cp as a function
of o)

Figure 2.B.7: ¢p(v = © > ¢y for every combination of o and m. Orange plane: c¢p(v = v),
blue plane: ¢,y in the m — o space.

104



C Generic prior on the type

This appendix shows that our main results are qualitatively unaffected by the assumption
of prior Pr(¢#" = h) = 3. In this section, we assume a generic prior Pr(6" = h) = ¢ € (0,1),
leaving the rest of the model unchanged. We consider monopoly, duopoly and their comparison

for when 6 is unknown to the reader.
Monopoly
The proposition of the main result is unchanged in monopoly, as g enters only in the

readers’ beliefs updating.

Proposition 2.11. If there is one media outlet and 0 is not known to the audience, there exists a

unique equilibrium in which the high quality outlet conducts research int = 1 iff
c< (A =m((R) —~(W)) :=cum

where v(R) and (W) are the audiences’ beliefs about the outlet’s quality after it gets the state

cm(q,0%)+e

right and wrong respectively. As a consequence, c* = F(cpr(q)) = 2re

Proof. Suppose that a high type outlet chooses d = res with probability ¢. Reminding

ourselves from the main text that by Bayes’ rule,

q(o + (1 — o)m)
c+(1l—-o)n)+(1—g)m

V(R) = a0

¢(1 —o)(1 —m) _q(1—o)

W = -+ (-ai-m  1-g

A high quality optimally chooses res if
Y(R)—c2ay(R)+ (L —m)y(W) = c< (A —m)(y(R) —v(W)) :=cum(q)
In equilibrium the conjectured o must be equal to the actual one, hence it must be that
o* = F(epm(q,0%)). (2.9.C.22)

We need to check if such a fixed point exists. To do so, three observations are in
order. First, note that both the LHS and RHS of the above are continuous in ¢*. Second,
LHS(¢* =0) = 0 < RHS(0* = 0) = 5 (as cu(q) = 0 at 0™ = 0). Third, LHS(¢* = 1) =
1>RHS(c*=1)=F (%), so the equilibrium is the solution of o* = % and
LHS and RHS must cross at least once.
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Finally, we need to check for the uniqueness of the fixed point. To show this, it is

sufficient to prove that the derivative of the RHS with respect to ¢ is smaller than 1. Note that

ORHS 11— [ (1= m)q(1 - q) q(1 —q)
S +
Oo* c+e 1-—

- (o + (1 —o)m) + (1—q)m)2 <1—qa*>2}>0

Moreover, we can rewrite the equation as

ORHS _ (1 -m)q(l—q) [ (1l —m) N 1 }
do cte (glo+ (1 —=o)m)+ (1 —q)m)? (1 —qo*)?

It is easy to see that, in the range of parameters of the model, (1 — 7)q(1 — q) < &;

w(l—m)

(qlo+(1—0o)m)+(1—q)7
1

at least % (when o =0 and 7™ = 3); m < 1. As a consequence,

yz < 1 because 7(1 — ) is atmost 1 and g(o + (1 — o)) + (1 — g)rr is

ORHS 1
<

and this completes the proof. O

Duopoly

For the case of duopoly, we look directly at symmetric equilibria, showing that there

exists a unique symmetric equilibrium.

Proposition 2.12. If there are two media outlets and 0 is not known to the audience, there exists

a unique symmetric equilibrium where o* = 07* := o* = F(cp(q)) such that

enla) = [(4(2) ~ (1)) (a0" — (1 — o)) + 1] — 1

o* 2 —o* —qgo* 7T2 _o*
where (D) = a(( (()NZJ);(i(l_()IS*)gﬂQ) ) and (1) = q1=o7)

Proof. We focus directly on symmetric equilibria where each high type outlet uses a threshold
strategy on c in the decision on whether to publish or investigate. Define o as the probability
(from the point of view of the other players) that a high quality outlet chooses to do research.

For the same logic as in Proposition 2.4, the threshold is given by

¢ < [(4(2) ~1(1) (47 — (1~ g0)7®) + (1~ 40) (1 —5(1)] — v =en(@) Q1)

where, by Bayes' ule, () = A4 1) — o)

Given that cost is uniformly distributed in [—¢, ¢| and that in equilibrium the conjectured
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probability of investigation must be equal to the actual one, the (symmetric) equilibrium level

of o, if it exists, must be the solution of

o = F(cp(q,0)) (2.9.C.23)
where
0 cplq,0) < —¢
F(ep(g,0)) = % —e<cplg,0)<c
1 cplq,0) >¢
and

0 cplq,0) < —¢
flen(q,0)) = L+ —e<cplgo)<ec
0 CD(q,O') >c

Note that:

1. The LHS of equation (2.9.C.23) is linear, with slope equal to 1, starting at 0 and ending

at 1;
2. RHS(6 =0) > 0 =LHS(0 = 0);
3. RHS(oc =1) <1 =LHS(0 =1);
4. Both LHS and RHS are continuous in o.

Hence, they cross at least once and there is at least one solution to this fixed point problem.

To show uniqueness, we can rewrite cp(q) as

1
cD:AE+1—q—§v

2(1— —qo
where A := (@) — (1) = %, B:=1 4% and E := go — (1 — go) 7.

It is easy to see that %—f > 0. Moreover, it is also true that % > 0. To see this, note that

oA —¢*(1 = q) [~q(¢* + m*B?) + 2%23‘3—5(1 —0q)]
do (1 —qo) [¢> +72B?))?

because %—f < 0. However, the sign of F is ambiguous, with £ < 0 for o < q(%irg) =

oT'. We claim that the following two conditions are sufficient for uniqueness:

1. &%@glforagaT;

(e
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2. % > 0foro > o7
The argument is as follows: as RHS(o = 0) > 0 =LHS(0 = 0) and RHS(0 = 1) <
1 =LHS(o = 1), the fixed point is:

1. Only at o = 0, as RHS(o = 0) =RHS(c = o) and below that in between. Moreover,
there cannot be any additional crossing point above o because the RHS would be

coming from below, and, as it is convex, it cannot be that they cross and RHS(o = 1) <

1 =LHS(c = 1).

2. If the solution is not at 0, the first time they cross it must be that the LHS comes from

below. There are two sub-cases:

e If the first crossing point is in ¢ < ¢, then there cannot be others in the same

interval as &%U(q) < 1. Moreover, there cannot be any other crossing point above
o7 because the RHS would be coming from below, and, as it is convex, it cannot be

that they cross and RHS(o0 = 1) < 1 =LHS(0 = 1).

o If the first crossing point is above o , it must be unique as a second solution would

violate RHS(0 = 1) < 1 =LHS(0 = 1).

We now prove that the two sufficient conditions outlined above apply to our model.

First, a sufficient condition for &%ﬁ < 1foro < ol is %A < 1. This implies
(1+72)¢3(1 - q) < (1 —qo)(g* + 72 B?). As the RHS is decreasing in o, this condition must
hold for the highest possible o, i.e. for o = o Substituting and simplifying, this requires

q(1—¢q) < m The LHS is at most + while the RHS is at least 3, hence the condition is
always satisfied.
Second, a sufficient condition for convexity of cp(q) for o > o7 is 2272‘ > 0. To show

that it is always the case, note that

2
do? —¢*(1— ) 9= i i 0.0
where D = (1 = go) [¢° + w57, ?‘Tg = —q(¢* + m*B?) + 7T2ZB?T§(1 —o0q) < 0and
%2?1; j _qW22B% + 2 [(%2 * %B) (1—0q) - QB% > 0. A sufficient condition
for (2.9.C.24) to be positive is 2%32 > 2Dp
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Figure 2.C.8: Proof of Proposition 2.12: Proving LHS > RHS in (2.9.C.25). Orange plane:
LHS—RHS, blue plane: 0 * 4+ 0 * 7 in the m — x space.

By substitution, this implies

212

o(1— 95 (L= ; 1 401 —qo)? , s (1- 9
—2”2%} > [(]WZZJ%+2ﬂ2<1—q0);+%ﬂ'1+2q7r2(7(0_74q0> (1 -qo)(¢* + °B)

5 . 9 1
2 | —q(q?0? + 72(1 — qo0)?) I

o2

(1-qo) : 92 20,252 4 2 2
————| >37°(1—qo)*(¢°c° +7°(1 — qo)?)
o

a? |:—q(q2(72 + 71 - qo0)?) — 2n°
23 (Po? + 12(1 — qo)?)? + 47 (1 — qo)* + 47%(1 — q0)%qo(q?0? + 72 (1 — qo)?) > 37%(¢*0? + 72 (1 — q0)?)(1 — qo)?

(2.9.C.25)

where the second line follows by multiplication of both sides by ¢ and the third by dividing
both sides by 2 and working out explicitly the square on the LHS. Note that o and ¢ always
appear together in the last line of (2.9.C.25). As a consequence, we can redefine oq := x and
check whether the condition holds for z € [0, 1] and 7 € [0.5, 1]. We prove this graphically
using figure 2.C.8. It plots the difference between LHS and RHS of (2.9.C.25) for the whole
range of possible values of x and m, showing that this difference is always positive. This

completes the proof. O

Monopoly-Duopoly comparison

Finally, we show that sufficient conditions for competition leading to more research

than monopoly can be found in this set up as well.

*

Proposition 2.13. There exists a nonempty interval of v values where c7},(q) > o3,(q).
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Proof. A sufficient condition for the proposition to hold is that, for some values of v, cp(q) >

e (q). Setting v = 0, and defining B = % note that:

ep(q) = (v(0) — (1)) (go — (1 — go)7®) +1 — ¢ (29.C.26)
~ - qf;(lq; f)w2B2> Sl qf>(<1q2_ f)ww?) T
—ea <(1 - qa)?jir B2 ¢ 1273232 " 1)

-0~ (S~ )

_l—q (@ +(1—go)m*B*> 7°¢*(1 —qo)
- 1—gqo (q2 + 72B2) q2 + m2 B2

where the first equality follows by substitution and the rest is a series of rearrangements. Note

that, as g € (0, 1), neither 1 — ¢ nor 1 — go are ever 0. Similarly, by substitution,

B glco+ (1 —o)r _q(l-o)
cv(g)=(1—m) <qa Tt -gn - ) (2.9.C.27)

C(1—n c+(l-o)r 1-0
=a )q<qa(1—7r)+7r 1—qa>
(1—m)go(1—q)
(1—qo)(go(1 =) +m)

As a consequence, by comparison of (2.9.C.26) and (2.9.C.27), cp(q) > car(q) implies

¢+ (1 —qo)m* (B —¢)  (1-7)qo
(¢ + 72 B2?) (go(1 —m) +m)

(2.9.C.28)

Note that both LHS and RHS of (2.9.C.28) are decreasing in 7. The case of RHS is straightfor-

ward. For the LHS, a sufficient condition is
(1—-09)27(B* — ¢*)(¢* + 7 B* — 27 B*(¢* + (1 — qo)7*(B* — ¢*)) < 0

This simplifies to —oq2mg?B% — (1 — 0q)27q* that is always negative.
As a consequence, a sufficient condition for cp(q) > cpr(g) isLHS(m = 1) >RHS(7w =
0.5). By substitution, this implies

>+ (1 —qo)(B% - ¢?) qo
(4> + B?) 1+gqo
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After few simplifications and substituting back the value of B, we obtain

>0

20 —1 (1—qo)3
2 2
o°q ) + 52

A sufficient condition for this to hold is
1 —3qo0 + 2q202 + q303 >0

Noticing that go is bounded between 0 and 1, the condition is always satisfied and this completes

the proof. O
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D Monopoly with public signal

In this appendix we assume that the audience learns the actual timing with positive
probability z in monopoly. This helps us establish that additional learning in our benchmark
duopoly model happens not only because the timing is revealed with some probability but also
because the audience uses additional information from outlets matching the state. In this set up,
the outlet does not know whether the audience has learned the timing or not when taking its

decision. Then, the condition for doing research is

(@) + (1= 2)70(2) — e > zyr(1) + (1 - 2)(mye(2) + (1 - m)7ar(1) (2.9.D.29)

Note that yp7(2) = v(2) = 1 and v/ (1) = v(1) = 3=2. However,
c+(1—o)m
c+(1l—o)r+m

o2+ (1—-0)2-o0)r?
o2+ (2 —0)?n?

YMm(9D) = #v(9) =

because in duopoly the audience can learn also from the other player getting the state wrong.
Hence, it is confused only if both outlets publish simultaneously and they both get the state
right.

For comparison, we can write the duopoly condition for v = 0 a bit differently. Define
X the probability that the opponent behaves in a way that reveals the timing to the reader. Note
that  is “artificial” because it is the probability that 7 does not research when player ¢ does (i.e.
%(1 —oJ )+ % on the LHS) and vice-versa (i.e. %0 on the RHS). In such cases, the action of
player j is fully revealing of the timing, irrespective of the endorsement. The duopoly condition

for research is then

XYIT) + (1= x)v(2) —c > xy(I) + (1 = x)(7*v(2) + 1 —7*)y(I))  (2.9.D.30)

Comparing (2.9.D.29) and (2.9.D.30) reveals that they are similar, but not identical.
Even if we set z = Y, the difference in (@) and in the 72 term of the RHS is still there.
Hence, our result is not just due to the fact that the publication timing of the opponent reveals
information about the timing of the other player. The content of the endorsements plays a role

as well.
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Chapter 3

Optimal Innovation Time-off

3.1 Introduction

Employee-driven innovations have become critical for the growth of big organizations
in recent decades. Employees are usually more capable of identifying new ideas and problems
with current workstreams and finding their solutions. First-hand experience working with the
technology and specific expertise gives them a distinct advantage in the innovation process. '
For instance, almost half of Google’s products have been employee-driven innovations. Paul
Buchheit, credited with developing GMail in Google, initially sought to refine the emailing
experience after identifying that it was difficult to search within specific email inboxes. He later
developed AdSense technology to recommend advertisements based on email searches, which
now makes Google around $10 billion each year in revenue.?

Recognizing the importance of employee-driven innovations, many firms have intro-
duced policies of innovation time-off for their employees. For instance, Google permits its
employees to take 20% time-off from their regular work to work on a project of their choice.
Similarly, LinkedIn runs a yearly time-off program called the InCubator to support its employees’
ideas.

However, there are apparent tradeoffs for organizations in providing employees with
time off to work on their creative endeavors. On the one hand, employees would need to take
time off from regular tasks to work on their projects that may lead to innovations and higher
future profits for the firm. But on the other hand, providing the time off induces the agent

to work on potentially unfruitful avenues, which is costly to the organizations as it diverts

resources away from present tasks. In the presence of this tradeoff, we ask how a firm should

IThis is especially true for tech firms in Silicon Valley that spend millions of dollars in their recruitment
processes to select the best candidates who are of the highest ability.

2 Another example of successful employee-driven innovation is Flickr. It originally a side project for the team at
Ludicorp whose sole product at the time was a web-based game called Game Neverending. See Tate (2012) for
more examples and anecdotes.
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optimally delegate authority to its employees to work on their creative projects.

(Currently) We build a simple two-period delegation model to answer this question. In
our model, a principal (she) finances an agent’s (he) work. The agent either works on a regular
task, or he may request to work on his creative task. The regular task brings a normalized zero
net benefit to either player. The creative task involves the agent working on his idea, which has
the potential to generate a breakthrough and a higher payoff of 1 for both players. However,
the type of idea that the agent possesses in any period is his private information and may be
either high or low. A high-type idea has a higher ex-ante potential to succeed and generate a
breakthrough than a low-type one. While the agent would like to gain authority to work on his
idea independent of its type, the principal only finds it profitable to finance a high idea. In each
period, the agent may draw a new idea if he does not already have a high idea.

The principal designs an optimal delegation policy which is contingent on past observed
outcomes. One may imagine several plans that the principal may use. Fixed probability of
granting authority across periods, declining probability, increasing probability, or a combination
of the three depending on the previous outcome are a few examples. Our main result shows
that the optimal mechanism resembles a time-based screening contract in which the agent may
choose to seek authority today or tomorrow. If the agent seeks authority today, then he faces
a potential future punishment for lack of performance. Specifically, the principal reduces the
probability of granting authority in the next period when he does not produce a breakthrough
in the first period. If the agent does not seek authority today, then the principal rewards him
with more authority tomorrow independent of his type. Thus, in the optimal policy, the principal
punishes the persistent good type but not the bad type. Either way, creativity only gets a limited
opportunity.

There is some anecdotal evidence to support this observation. Google managers are
known to clamp down on those employees that take the 20% time off but do not produce

breakthroughs sufficiently quickly. In a Quora blog post’, a Google employee writes:

“Unofficially, 20% projects are no longer encouraged. They led to many problems
because it took a great deal of time away from an employee’s primary team (without

any measurable successes).”

While at the same time, some successful employees mention how it is important to define the
objectives of their projects to be able to benefit from the time-off policy. Defining objectives

allows the managers to measure success and reward (or punish) accordingly in their projects.

3See https://www.quora.com/How-does-Google-company-\T1\ textquoterights-Google- Innovation- Time- Of
f-20-time-policy-work-in-practice
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The intuition for the above result is as follows. The principal needs to give sufficient
incentives to a low-type agent to deter seeking authority in the first period. She achieves
this by using the future probability of authority in each contingency, i.e., if he does not seek
authority and if he does and fails to produce a breakthrough. Therefore, she rewards the agent
for continuing work on the regular task and also punishes him for seeking authority and not
providing a breakthrough. Consequently, only the high-type agent gets penalized in the optimal
incentive-compatible mechanism.

It is interesting to note that it is not possible to achieve the desired honesty of the
low-type using just one of the tools. The principal not only rewards the low-type but also
punishes the high-type in the optimal policy. In doing so, she faces an intertemporal tradeoff.
Punishing the agent following failures not only relaxes the low-type’s first-period incentive
constraint but also makes the high-type’s second-period constraint tighter. However, this hurts
the principal as a high potential idea is persistent and taking away authority from such an agent
reduces her expected payoff. The principal, therefore, tries to minimize the adverse effect on the
high-type while at the same time maintaining the low-type’s incentive to report honestly. How
she uses the two tools optimally to balance the two effects depends on the various parameters.

We show that somewhat counterintuitively, the principal may sometimes grant authority
to the agent even when ex-ante expected benefit of doing so is lower than the cost. It will
never happen if we restrict the mechanism to a single period. However, in two periods, the
intertemporal tradeoff kicks in. In such situations, it is more costly not to give authority to
high types than to fund the low-type’s creativity. Thus, while the principal is forced to punish
the high-type agent for failing, she does so to the minimum possible extent. In this sense, the
first-period high-type agent subsidizes the low-type in the optimal mechanism.

However, if the ex-ante cost of financing creativity is too high, then there is a discon-
tinuous fall in the probability of getting authority for both the types in the second period. In
this case, the principal would rather completely take away authority from the high-type, and
risk not getting a breakthrough, than grant authority to the low-type. Again, while the principal
must offer some authority to the low-type, she does so to the minimum extent. In this sense, the
first-period low-type taxes the first and the second-period high-type in the optimal mechanism.

Related literature. Starting with Holmstrom (1982) there is a vast literature on del-
egation of authority in economics. Aghion and Tirole (1997) were the first to formalize the
collaborative role played by employees in an organization. They showed that employee initiative
could be increased by formal delegation and reducing the level of managerial effort. In contrast,

Rantakari (2012) showed that employee initiative might be increased by combining formal
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authority (of the manager) and limited but positive involvement of the manager. This result was
achieved by combining the Aghion-Tirole model with elements of costly monitoring. While
ours is a model of employee initiative, we deal with the issue of dynamic delegation of authority.
A number of papers have started exploring this issue recently in different contexts; Frankel
(2016), Guo (2016), Datta (2017), Guo and Horner (2017), Li, Matouschek and Powell (2017)
Lipnowski and Ramos (2018) are a few.

Among these, Guo (2016) and Datta (2017) deal with the delegation in environments
where the principal learns about ex-ante private information of the agent owing to experimenta-
tion. While it is common to model innovation in an experimentation-type framework, we do not
explicitly need to include experimentation and learning in our model. All we require is ex-ante
uncertainty over when breakthrough occurs and better information of the agent. Moreover, we
are interested in the question of where ideas come from and when are they developed further.
Our concern is not how a given idea is developed.

Guo and Horner (2017) is the closest in this sense to our paper. In their setting, a
principal commits to an allocation policy for a perishable good (much like delegating authority)
when the agent’s type is persistent. While the agent would like the good either way, the principal
interested in maximizing efficiency would want to grant the good only if the agent is of high
type. However, there are two critical points of departure for us. First, we have a one-sided
persistence of type only. In our model, only the good-type is persistent. For us, an agent who
has discovered a good idea would prefer to see it through than drawing another idea, which at
best is the same as the current idea. Moreover, we require that there might not be an immediate
conclusion of the creative task. Second, we allow for breakthroughs to be observable. As we
discuss in our analysis, these two features together produce our fundamental intertemporal
tradeoff and produce our main result.

Other papers such as Li et al. (2017), Rantakari (2017) and Lipnowski and Ramos (2018)
do not assume commitment by the principal and are interested in the equilibrium allocation
rules that arise in similar settings using perfect public equilibrium (PPE). In Li et al. (2017),
the authors show how good early choices of subordinates are rewarded with later authority.
Consequently, they make more selfish decisions that end up hurting organizations in the long
run. Lipnowski and Ramos (2018) build a model in which a principal sequentially delegates
project choice to an agent who can assess its quality but has lower standards of acceptance.
Similar to Li et al. (2017), they show that in equilibrium, the principal incentivizes the current
good selection of projects by allowing future bad choices.

A common theme between this literature and our paper is the idea of linking incentives
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across periods or decisions. By controlling allocation or decision rights to some other (or future)
units, the principal creates value to eliciting private information today. This feature appears
in several different contexts, including in papers that look at relational contracts and optimal
contracts.

Jackson and Sonnenschein (2007) prove that the limitation imposed by incentive con-
straints on attaining social efficiency can be reduced by increasing the number of copies of
the decision problem and thereby linking them. In a similar spirit, Malenko (2018) develops a
model of dynamic capital budgeting in which an agent with a desire to overinvest in projects
privately sees the arrival and quality of investment opportunities. A principal allocates resources
to the agent to be spent on these investment opportunities. The optimal mechanism involves
the principal setting a dynamic spending account that gets replenished with time at a specific
rate. Additionally, the mechanism outlines a threshold limit above which the agent can pass
the project to the principal for auditing. Similarly, Mobius (2001) and Hauser and Hopenhayn
(2008) build models of favor trading and show how the number of favors exchanged between
players may be used to determine how many new favors can be exchanged.

Two related papers are Boleslavsky and Kelly (2014) and Casella (2005). In the context
of environmental regulation, using a two-period model Boleslavsky and Kelly (2014) show how
the regulators may vary the strength of regulations over time when the firm privately learns its
compliance costs. However, again, neither do they have one-sided state persistence nor do they
do they have a verifiable signal of the state (since the latter is not a concern in their setting).
Similarly, Casella (2005) develops a mechanism of storable votes that allows an agent to gain
more influence in future democratic decision-making by giving up the right to vote today when
she expects future preferences to be strong.

The rest of the the paper is organized as follows: in Section 3.2 we present what our
general model will look like. However, we focus currently on the simplified version of the
model presented in Section 3.3. We discuss the model and present all the relevant results within

the section itself.
3.2 The general model

We present here the general model that we expect to solve after solving the simple
two-period model.

Players, Tasks and Types: An agent (he) is in an employment relationship with a
principal (she) through time ¢ = 0, 1,2, .... The two players are denoted by i € {A, P} and
share a common discount factor 5. While in the relationship, the agent could potentially work

on one of the two tasks in any given period: regular or own. The regular task corresponds to
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working on assigned projects. Conducting the regular task gives a payoff of r; > 0 to each
player with certainty.

While working on the regular task, the agent has the ability to come up with new ideas
and create own tasks. The agent costlessly comes up with an own task in each period, which
could either have a low or a high potential to succeed, denoted by 6 € {l, h}. This is the type
of the own task and is agent’s private information. The prior probability of drawing a high
potential own task in period ¢ is p;. If the agent works on own task of type 6, then the probability
of success or breakthrough in any given period is # with 0 < [ < h < 1 — a high potential
task is more likely to succeed in any given period. Upon achieving a breakthrough in own task,
each player gets a payoff of v; from then on in perpetuity. We will assume that success in own
task is sufficiently rewarding such that r; < Jv;. If the agent fails, then both players get 0 in
that period. We denote the outcome of conducting own task by y € {S, F'}, success or failure
respectively i.e. either a breakthrough is observed or not.

The higher payoff to the agent from conducting own tasks pertain to the intrinsic
motivation for working on own ideas. Moreover, upon achieving success in own tasks, the
principal may reward the agent with promotions and more autonomy to further conduct own
task which gives the agent v4 in perpetuity. The higher payoffs to the principal from achieving
success in own task pertain to the benefits of getting an innovation.

We will assume that the principal can observe the outcome y of conducting any task and
also the realized payoff. This implies that the principal can perfectly distinguish between the
agent conducting regular vs. own task but cannot distinguish between low potential and high
potential own task.

Note that since there is nothing better than a high potential idea, the agent stops drawing
new ideas after getting a high potential idea. By drawing a new idea he risks losing his current
high idea. But may continue drawing ideas if she has a low potential idea, because there is only
a potential benefit of doing so. Thus the high type is fully persistent.

Conflict of Preferences: While both players agree on the need for innovation, there is a

conflict on which type of ideas should be pursued. We will assume

hvp > rp and hvg > ra

but lvp < rp and lvg > 1y

This implies that while the agent always prefers to conduct own tasks, the principal would rather
have him conduct the regular task when she has a low potential own task. In other words, the

agent’s intrinsic motivation to “scratch the itch” is sufficiently high independent of the type of
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the task he has drawn. However, the principal would like the agent to do so if she has a high
potential own task.

Policy and Payoffs: Given the realized 6; and the policy (defined next), the agent sends
a message m; € {l,h}. A policy (or mechanism) is a sequence of probabilities of granting
authority to the agent to conduct own task for every period ¢ denoted by a; as a function of

previous messages, outcomes and authority decisions.
ag - {1, R} < {S F} x {0,1} — A({0,1})

Timing: The timing of the game is as follows:
1. Initially, the principal commits to a mechanism a;(.) fort = 1,2, ....

2. Int = 1, the agent draws his type 61 and reports it to the principal. The principal chooses
according to a1 (61). Outcome y; is realized if a; = 1, otherwise the game moves to

t=2.

3. For all t > 1, the agent reports his 6, to the principal and she chooses whether to grant

authority using a(.).

3.3 Two-period case: model and analysis

We present here a modified two-period version of the model. Consider the following
changes. An agent and a principal are in an employment relationship for two periods ¢t = 1, 2.
The principal bears a cost of 0 < ¢ < 1 per period for financing the agent’s work. If the agent
works on the regular task, then the principal breaks even and gets 0. The agent also has no
intrinsic motivation to do the regular task and gets 0 from conducting it. On the other hand,
both the agent and the principal get a benefit of 1 from success in own task.

However, there is a preference conflict between the agent and the principal captured by
the following assumption on parameters: h > ¢ > [ while 1 > A > [ > 0. This implies that
while the principal would like the agent to only pursue high potential ideas, the agent would
like to have the authority to conduct own task independent of its potential to succeed. Thus, the
agent has lower standards. The relationship ends after getting a success in own task or at the
end of the second period, whichever happens first. All the other parameters of the problem are
as above.

The principal designs a delegation mechanism which defines for every ¢ the probability
of granting authority to the agent to work on his own task a;. Using the revelation principle,

we restrict attention to those mechanisms in which the agent reports his type and the principal
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decides whether authority must be granted.
To begin with, let us look at the principal’s first-best policy. The first-best is given by
the situation in which the principal can perfectly observe the type of the agent’s own task in

each task.

Proposition 3.1. The principal chooses a; = 1 whenever 0; = h, and a; = 0 otherwise in the

first-best policy.

It is easy to see why the above is the case. As h > ¢ > [, the expected payoff of the
principal is always positive whenever the agent has a high-potential own task. Alternately, it is
negative when the agent has a low-potential own task.*

Next, let us look at two extreme policies that the principal may adopt under the second-

best. The first is to never grant any authority and the second is to always grant authority.

Lemma 3.1. If the principal never grants authority, then her expected payoff is zero. If the

principal always grants authority, her expected payoff is
pih+ (1 =p))l —c+d[pi(l = h)(h —c)+ (1 = p1)(1 = [)(p2h + (1 = p2)l — €)].

Going forward, we need to determine if the principal can do better than these two
mechanisms, and if so, when. Below, we will call all other non-extreme mechanisms as interior
mechanisms.

Note first that in ¢ = 1, there is no outcome to condition a; on. Therefore, the principal
chooses a1 as a function of m; which could be either A or [. With some abuse of notation, we
denote this by a1 (h) and a; (1) respectively. In ¢ = 2, however, the principal may condition her
decision on three variables — the present report, the past report and the past outcome, which
could either be a failure or that no authority was granted.” We denote the principal’s period 2
decision by as(ma;m1,y1) where m; € {h,l} and y; € {F, @} is the outcome of the previous
period which could be either that the authority was granted but the agent failed to produce a
breakthrough () or that he wasn’t granted authority (). Observe that there are many variables
that one must determine in the optimal mechanism. In the following paragraphs, we show how

the problem can be reduced significantly.

Lemma 3.2. The optimal interior mechanism does not condition second period delegation

decision on the reports in that period.

*Note that the agent does not need to be incentivized to participate in the mechanism. He always gets 0 by being
in the employment relationship with the principal. It can also be assumed to be the value of the outside option.

5If authority was granted in the first period and it generated a success, then there is no further need for making
authority decisions as the relationship comes to an end.

120



This follows almost immediately from the fact that the game ends after the second
period. The principal is not able to incentivize truth-telling by offering any future rewards or
punishments in the second period. Incentive compatibility requires that she offers the same
authority to the agent independent of her second period type. Thus, period 2 decisions can only
be based on the past decisions and outcomes, and not on the present reports. This reduces our
problem to determining the following probabilities in the second period: as(l, F'), as(l, &),
az(h, F') and ag(h, @). These probabilities of granting authority reflect the principal’s decision
for when 1) the agent reported low but was given authority and failed, 2) the agent reported low
and was not given authority, 3) the agent reported high and was given authority but failed, and
4) the agent reported high but was not given authority in period 1.

We can now write the principal’s authority design problem as follows:

rzla(x%mqi/ze p1(h = ¢)[ai(h) + a1 (h)(1 = h)daz(h, F) + (1 — ay(h))daz(h, @)]

+ (1= p)[ar ()l = ¢) + 8(p2h + (1 = p2)l — &) (a1 () (1 — Daz(l, F) + (1 — ar()))az(l, 2))]
subject to a1 (h) + & [a1(h)(1 — h)az(h, F) + (1 — ay(h))az(h, )]
> ai(l) + 6[ar(1)(1 — h)az(l, F) + (1 — a1 (1))az(l, @)], oy,
ar(Dl + 8(p2h + (1 = po)1) [ar () (1 = Daz(l, F) + (1 — a1 (1))az (1, 2)]

> ay(h)l + 0(pzh + (1 = p2)l) [ar(h)(1 — Daz(h, F) + (1 — ay(h))az(h, 2)], 1oy,

where a;(m,y) = {a1(h),a1(l),a2(l, F),as(l, D), az(h, F),az(h, @)} is the set of all delega-

tion probabilities that the principal chooses.
Lemma 3.3. The low type’s incentive constraint (1C'); binds in the optimal interior mechanism.

The intuition is straightforward. Fix any incentive compatible mechanism in which both
the ICs are slack, specifically (IC); is non-binding. Now, if the principal increases a;(h) while
satisfying (IC); then the ex-ante expected profits increase on account of a higher probability of
breakthrough for the high type without inducing any deviation by the low type. This means that

optimality requires (IC), to bind.

Lemma 3.4. Let py > land § < § < & where § = %pg)l and 6 = p72[.1t is

p2h+( p2h+(1—p2)
always optimal for the principal to grant authority following a high report and not following a

low report in period 1, i.e. aij(h) =1 and a;(l) = 0.

The above lemma shows that the first-best optimal delegation policy is the same as the
second-best optimal delegation policy in the first period. In the presence of future discounting,
the principal prefers not to distort incentives in the first period. The first sufficiency condition on

the discount factor, § < &, ensures that future is not too valuable, which might lead to pushing
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all authority decisions to the second period. The second sufficiency condition § > ¢ ensures
that the future is sufficiently valuable to the agent so that the low type does not want to deviate
today and inefficiently seek authority. (All proofs are presented in Appendix A)

Using Lemma 3.4, it is easy to reduce the principal’s interior maximization problem to
maximize pi(h—¢)[1+ (1 — h)daz(h, F)
ag(h,F),ag(l,@) [ ]
+ (1 — p1)o(p2h + (1 — p2)l — c)as(l, @)

subject to 14+ 6(1 — h)az(h, F) > das(l, @) (I0),
!
d(pah + (1 = p2)l)

a2(la @) = + (1 - Z)QQ(h)F) (IC)I

where we only need to determine two variables as(h, F'), a2(l, @). Moreover, note that (IC),, is
slack at the optimum. Therefore, the optimal interior mechanism is the solution to above linear

program as outlined by the following proposition.

Proposition 3.2. Let py > I. For § < § < 6 the optimal interior mechanism is given by the

following delegation probabilities:

e ai(h) =1andaj(l) =0,

p1h(1—h)+(1—p1)(A-0)(p2h+(1—p2)])

e ifc < cwherec= (At (T=p)]) ,

1 l
1—1 (1 ~ S(ph+ (1 - p2)l)

ay(h, F) = > <1 and a5(l,9) =1,

e if c = ¢, then any a’(h, F) and a’(l, @) that satisfies

l
d(p2h + (1 — p2)l)

a;(l7®) = +(1_l)a;(h7F)7

e ifc>c

ay(h, F') =0 and a3(l,9) = <1, and

d(pah + (1 — p2)l

e any a3(h, @) € [0,1] and a3(1, F) € [0, 1].

The above proposition characterizes the optimal mechanism for different cost ranges.
Observe how the probabilities of delegation switch for the different types between first and the
second period. An agent who is of high type in the first period must suffer some punishment
in the second period for failing to achieve a breakthrough. This is despite the high type being

fully persistent. At the same time, a low type must be rewarded for waiting to get a high idea
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when he presently doesn’t have one. This implies that the first period low type must get a higher
probability of delegation in the second period independent his future type. Thus, the principal
buys period 1 efficiency from the low type agent by inefficiently offering rewards to the low
type and punishments to the high type in period 2.

We note here that the flipping of delegation probabilities for the two types is unique
to our environment and arises from the two differentiating features of our model — observable
outcomes and persistent high type. These two features together generate a tradeoff for the
principal. On the one hand, the possibility of conditioning future delegation on the past
performance relaxes the low type’s constraint by making deviations less likely today. But on the
other hand, since the high type is fully persistent, it hurts his incentives tomorrow. This in turn
reduces the expected payoffs of the principal as she must knowingly take away authority from
someone who brings in positive expected profits. Such an intertemporal tradeoff is resolved
by the principal by switching delegation probabilities across periods for the two types in the
optimal mechanism.

Why must the principal use both the tools? This is best understood by looking at (IC),
when a;(h) = 1 and a; (1) = 0;

l
d(p2h + (1 —p2)I) "

as(l,2) = (1 — l)az(h, F)

It is easy to see that two delegation probabilities work complementarily. An increase (decrease)
in one is accompanied by an increase (decrease) in the other in order to maintain incentive
compatibility of the low type. However, given the incentive compatibility of the high type,
the principal would like to increase as(h, F') to the maximum possible extent independent of
as(l, ). This might not always be doable or in the interest of the principal. The two cost cases
depict this.

To begin with, note that given the linearity of the principal’s objective function and the
IC constraints, the solution must be an extreme point. Now, when the cost of delegating is low
enough, i.e. lower than ¢, then the principal prefers to still offer authority to the high type with
a positive probability and simultaneously with probability 1 to the low type. However, when the
cost is high, then financing the high type for a second period while simultaneously delegating to
an ex-ante unknown type becomes too costly. In this situation, the principal would rather give
no authority to the high type and restrict the delegation probability to the minimum for the low

type. We explain this point further using the corollary below. For this purpose, let p; = p2 = p.

®Since it never happens that a low type is offered authority and the high type is not offered authority in the first
period, a2 (h, &) and a2 (I, F) do not matter in anyone’s decision-making, and we may assign any probabilities to
them.
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Corollary 3.1. Let py = pa = p. For ¢ < ¢ < ¢ where ¢ = ph + (1 — p)l is the ex-ante

expected benefit of delegation, the optimal mechanism involves

a2(h7F) = !

=13 <1— 5(ph+(1—p)l)> <1 and a3(l,2) = 1.

The above corollary shows that even if the ex-ante expected benefit of granting authority
is lower than the cost of doing so, the principal optimally delegates authority with probability 1
to such an agent some times. Observe that this would not be the case if this was a single period
mechanism. In a single period, the principal would never offer authority to an agent who is too
costly to fund. The difference arises because of how the principal resolves the aforementioned
intertemporal tradeoff. See Figure 3.1 in relation to the explanation below.

When ¢ < ¢, i.e. the cost of delegating is lower than the the expected benefit of
delegating, then the preferences of the principal and period 1 low type agent are more aligned.
On an average, she expects to gain by granting authority to period 1 low type in period 2. At the
same time, she would like to continue granting authority in period 2 to period 1 high type. This
is reflected in her isoprofit lines. The slope of the isoprofit line in (az(h, F'), a2(l, @)) space
is negative. To remain at a given profit level, the principal must increase as(l, &) following a
decrease in ay(h, F). This leads to an easy resolution of the tradeoff in the optimal mechanism;
the principal happily gives authority to the low type while holding the punishment to the high
type to a minimum.

But when ¢ > ¢, i.e the cost of delegating authority to period 1 low type in period
2 is higher than the expected benefit, then the preferences are less aligned. This means that
the principal would like to take away authority from the low type i.e. reduce az(l, @). At the
same time, the desire to not punish the high type agent in period 2 remain. Thus, to maintain a
given profit level a reduction in ag(h, F') must be accompanied by a reduction in az(l, &). The
intertemporal tradeoff now has a bite - the principal must decide between using az(h, F') more
intensely or less intensely.” By choosing a lower a(h, F'), she can minimize the punishment to
the high type but it comes at the cost of inefficiently giving authority to the low type in period 2.
Alternately, she can reduce the inefficiency by increasing the high type’s punishment tomorrow,
i.e. a higher as(h, F'). How this tradeoff is resolved now depends on a second cost threshold ¢.

c reflects the cost threshold at which the principal is indifferent between how the tradeoff
is resolved. This implies that for ¢ < ¢ < ¢ the principal still prefers to grant authority to period

1 low type in period 2. This is so because in this range of cost parameters the principal’s cost of

"Note that not using az (h, F), i.e. setting az(h, F') = 1 is not an option for the principal because (IC'); must
be respected at all times. Setting a2 (h, F') = 1 breaks (IC); as it requires an a2 (I, @) > 1 to match it.
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taking away authority from a high type is higher than the cost of inefficiently granting authority
to the low type. Thus, the high type agent ‘subsidizes’ the low type in the optimal mechanism.
But when ¢ > ¢, the cost of granting authority to the low type is higher than the cost of taking
away authority from the high type. Thus, the principal prefers to set az(h, F') = 0 and minimize
as(l, @) in the process. The low type, in this case, ‘taxes’ the high type.

Finally, the optimal mechanism is evaluated by comparing the principal’s payoffs from

the optimal interior mechanism with the extreme mechanisms outlined in Lemma 3.1.

Proposition 3.3. Let | < ps < ﬁ For § < § < 6 the optimal mechanism is given by cost

thresholds c, ¢ and ¢ where ¢ < ¢ < ¢ such that

e if c < ¢ the principal always grants authority in the optimal mechanism;
o if c < ¢ < ¢, the principal grants authority as follows in the optimal mechanism

1 l
1-1 <1 ~ d(pah+ (1 —pz)l)>

aj(h) =1, ai(l) =0, a3(h, F) = <1 and a3(l,9) =1,

and any a3(h, @) € [0,1] and a3(1, F') € [0, 1];
e if ¢ < ¢ < ¢, the principal grants authority as follows in the optimal mechanism

l
d(p2h + (1 —p2)l)

aj(h) =1,aj(l) =0, a3(h, F) =0 and a5(l,9) = <1,

and any a’(h, @) € [0,1] and a}(1, F) € [0,1];
e if c > ¢, the principal never grants authority.

The above proposition outlines the overall optimal mechanism for different cost ranges.
As expected, we show that when the cost of granting authority is too low or too high, the
principal prefers to implement the extreme mechanism instead of the interior one. When the
cost is low, the principal always grants authority; when the cost is too large, the principal never

grants authority. In between, the principal prefers the optimal interior mechanism.
3.4 Conclusion

We showed using a simple two-period model how organizations may limit the creativity
of their employees. Organizations end up being inefficiently harsh on employees who are
capable of achieving breakthroughs in own ideas to limit the behavior of those employees
who do not have good ideas. Such mechanisms are, therefore, not likely to be successful in
promoting creativity among the employees. Our model suggests that organizations must look

for alternative ways of fostering creativity.
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A few points are in order about the model that we built in this paper. First, there are
some obvious issues in extending our model to more than two periods. Since we need that
the agent’s outcome is observable, when we expand our model to include many periods, the
problem blows up immediately. Second, this is not a model of experimentation even though we
are attempting to model innovation. By assuming that 6 is perfectly known to the agent, we
are essentially killing any learning, a standard of experimentation models. One may introduce
the tradeoff between the regular task and own task as one between exploitation and exploration
a la Manso (2011) in our current two-period framework. However, it is not clear what new
insights we obtain from doing so. Third, there are no monetary transfers in our model. This
is so because we are interested in employee-driven innovation where the employer-employee
are already in a relationship and the employee wants to conduct innovation driven by intrinsic
motivation. Finally, we can extend our model in meaningful ways to include moral hazard or

multiple types. Our model, therefore, shows further scope of research.
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3.5 Figures

(IC),
1
L
__ O(pht+(1=p)l)
®-\
S
c<c< E
0 az(h, F)

ag(h, F)

Figure 3.1: Optimal delegation mechanism for different c ranges
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3.6 Appendix

A Proofs from the main text
Proof of Lemma 3.4

Proof. We know from Lemma 3.3 that (IC); binds in the optimal mechanism. Rearranging

(IC); and substituting in the principal’s expected profit function we get:

pi(h —c)[a1(h) + a1 (h)(1 — k)daz(h, F) + (1 — a1 (h))daz(h, @)]
+ (1 = p1)[ar(R)L + 8(pah + (1 — pa)) (a1 (R)(1 — Daz(h, F) + (1 — a1(h))az(h, @))]

— (L =p)efar(l) + ar(D(1 = Ddaz(l, F) + (1 — a1(1))daz(l, 2)]

It is now easy to verify that

Oorp
6&1 (l)

= —(1—p1)e[l+6(1 = Daz(l, F) — daz(l,2)] <0

since 1 > daa(l, @). Now, given the linearity of the profit function in a1 (1), it is immediate that
the principal should set a7 () = 0 in the optimal mechanism.

Now, substitute a(l) = 0 and (1 —aq(h))az(h, @) = az(l, &) — al(h)m —
a1 (h)(1 = l)az(h, F') from (IC); in the original profit function and maximize with respect to

az(h):

orp l
=pi(h—c) |1 =0(h—1Dag(h,F) - ——F——
R A R ey
which is always positive for § < § = m. Thus, aj(h) = 1.

Moreover, since ag(h, F'), as(l, @) are numbers between 0 and 1, from (IC); we get the

second sufficiency condition

I l
<]l —=>60>0=——————.
d(p2h + (1 — p2)l) = p2h 4+ (1 —p2)l
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Proof of Proposition 3.2

Proof. Substitute aj(h) = 1 and aj(l) = 0 in the IC conditions and the principal’s profit

function. This reduces the principal’s optimization problem to

@(}il’q%)ii,rgi;((;’ 2) pi(h—c)[1+ (1 — h)daz(h, F)]

+ (1 = p1)d(p2h + (1 = p2)l — c)az(l, )

subject to 1+6(1 — h)az(h, F) > das(l, @) (I0),,
l

a2(l, @) = d(p2h + (1 — pa)l)

+ (1 —=1)az(h, F) (I0),

First, note that (IC),, must be slack at the optimum. Second, by the fact that we have
already assumed & < 4, it is easy to verify that as(h, F') < 1.

Now, given the linearity of the profit function and the IC constraints it is easy to
derive the optimal mechanism by comparing the slopes of the isoprofit lines and (IC);. In the

(az(h, F), as2(l, @)) space, the slope of the isporofit line is given by

—pi1(h—¢)(1 —h)
(1 —p1)(p2h+ (1 —p2)l —¢)

and the slope of (IC); is 1 — .

e If poh + (1 — p2)l > c, then the slope of isoprofit line is negative. Moreover, a higher

profit is a shift of the isoprofit line to the right. This implies that in the optimal mechanism

as(l,2) = 1and aj(h, F) = -4, (1 _ ié(mhﬂll_pz)l)).

e If ph + (1 — p)l < c, then the slope of the isoprofit line is positive and a higher profit
is a shit of the line to the right and down. Two cases are possible depending on the

comparison of slopes

pi(h —¢)(1 —h) B
(1 =p1)(c—p2h+ (1 —p2)l)
p1h(1 —h) + (1 —p1)(1 = 1)(p2h + (1 — p2)l)
L= (prh+ (1 —p1)l) '

<1-1

—=cscCc=

e If c < ¢, then the isoprofit line is steeper than (IC);. The optimal mechanism as in the
case above, i.e. a3(l, @) = land aj(h, F) = 13 (1 - m>.

e If ¢ > ¢, then the isporofit line is flatter than (IC);. The optimal mechanism now is

a;(l, @) = m and a;(h,F) =0.
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This completes the proof of Proposition 3.2 and Corollary 3.1. O

Proof of Proposition 3.3

Proof. Begin by rewriting the value to the principal of always granting authority to the agent.

From Lemma 3.1 we know that it is equal to

pih+ (1 =p)l —c+8[pi(l = h)(h —c)+ (1 = p1)(1 = [)(p2h + (1 = p2)l — €)].

Using the fact that ¢ = 2 1h(1_h)t(_1(_p’j }Z)J(rl(l_i)g )QZ})LJF(l_p 2 we can simplify the above as

prh+ (1 —=p1)l —c+6[1 — (prh + (1 —p1)))](¢ — ¢). (3.6.A.1)

Consider first the situation of ¢ = ¢. From Proposition 3.2, we know that

l
§(p2h + (1 — p2)l)

aj(h)=1,ai(l) =0, a5(h,F) =0 and a5(l, &) = <1,

and any a’(h,@) € [0,1] and a3(l, F) € [0,1] is an optimal interior mechanism. At this

optimal mechanism, the value to the principal is

c
pi(h—¢c)+ (1 —pi)l (1 — 172]1"‘(1_]32)l> . (3.6.A.2)

Comparing the value to the principal from (3.6.A.1) with (3.6.A.2), it is easy to see that the
latter is better. Therefore, at ¢ = ¢, the principal prefers the optimal interior mechanism.

It also now immediately follows, that for the case ¢ > ¢, either the interior mechanism
is optimal or the extreme where no one is granted authority is optimal. The extreme mechanism
where the agent always gets authority can not be optimal anymore since such a mechanism
performs worse than the extreme one outlined above. To check whether it is optimal to grant no

authority we need to check if

c
pi(h—c)+ (1 —p1)l (1 - )l) > 0.
Simplifying the above gives the condition,

< (prh + (1 —p1)l)(p2h + (1 —p2)l)
p1p2h + (1 — p1p2)l

ol

Finally, we now need to determine what happens when ¢ < ¢. Observe that at ¢ = 0, the

extreme mechanism where the agent always gets authority is better than the interior mechanism.
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Reminding ourselves that the optimal mechanism from Proposition 3.2 is given by

1 l
1—1 (1 ~ d(ph + (1 —pz)l))

ai(h)=1,a (1) =0, ai(h,F) = <1and a}(l,2) =1,

and any a3 (h, @) € [0,1] and a}(l, F') € [0, 1]. The value to the principal is

1—hi 1—h
mih (1 - ) +6 <p1h (- p1)62> (3.6.A.3)

1—-1¢
where ¢a = poh + (1 — p2)l. Also, at ¢ = 0, the value to the principal from the extreme
mechanism is given by

pih4+ (1 —p)l+ 0(p1h(1 — h) + (1 — p1)é(1 —1)). (3.6.A.4)

Comparing (3.6.A.4) with (3.6.A.3) we get that the extreme mechanism gives a higher value if

1-h1 1—nh
— >0 (1—p1)c h
15 <( p1)C2 +p1 1—l>’

1—p1+pih

which is always verified because ¢o < 1 and under the assumption py < ﬁ, we have that
0 <1

Combining the above with the fact that the interior optimal mechanism is better for the
principal at ¢ = ¢ and that the value is a linear (decreasing) function of ¢, it must be that there

exists a ¢ € (0, ¢) where

e for ¢ < ¢, the principal prefers the extreme mechanism where the agent always gets the

authority, and
e for ¢ > ¢, the principal prefers the optimal interior mechanism.

This completes the proof. O
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