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Motivation

Information Design Problems:

ID — Information Structure — DM

» The FDA (DM) vs. a drug company (an Information Designer)
e Conflict of interests = misaligned preferences over experiments
e The FDA might want to control the quality of drug experiments

e But the FDA might not know what experiments are feasible for
the drug company

Q What is an optimal decision rule for DM when DM does not
know what experiments an information designer can conduct?
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Literature Review

» Information Design

» Kamenica and Gentzkow (2011), Bergemann and Morris (2016)

» Mechanism Design
> Myerson (1979), Green and Laffont (1986)

» Information Design + Mechanism Design

> Kolotilin et al. (2017), Yoder (2022)
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The Model

BAsIC SETUP

» Two players: Agent (a drug company) and Principal (the FDA)
» Two states of the world: {G, B} with P(G) = p.

» Preferences:

Good | Bad

Approve 1,1 1,0

Disapprove | 0,0 | 0,1




The Model

AGENT’S SET OF ACTIONS

» Agent’s type space: {6,,6,} with P(6,) =t
> S;: Type 0,’s set of feasible experiments (convex & closed)

> A typical element in S;: a binary experiment, =¥,

Good state Bad state

g (positive) | 7¥(g|G) = y* m™*(g|B) =1 — x
b (negative) | 7¥(b|G) = 1 —y* | 7¥(b|B) = x*




Assumptions on S;
(a) S;is closed and convex.

(b) The “northeast boundary” of S; is non-increasing and concave.
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Assumptions on S;

(C) S> C S
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The Model

TIMING OF THE GAME & PRINCIPAL'S DECISION RULE

» Principal — Decision Rule — Agent — Experiment — Decision

e Decision Rule: contingent on observables
i.e., d: S x {g,b} — A{A,D}, c.f. S1=%5US

» By the revelation principle, the principal’s decision rule is
equivalent to an incentive compatible menu offer

> M= {(71'1714;;"4117)7 (7T27A§7A£)}7

A’: the probability of action A associated with 7; and g,

A!: the probability of action A associated with 7; and b.
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Principal’s Problem

> Given M = {(m1,A},A}), (m, A, A7)}, denote (m;, AL, A}) by m;
fori=1,2

max ¢ - EU” (my) + (1 — ¢) - EU” (my)

my,my

s.t. EUA(m1|91) > EUA(m2|91) (lC for type 91)
EUA(m2|92) > EUA(m1|92) (lC for type 92)

T €Spand m € 8, (Feasibility Constraints)
EU (m) = (1-p)—(1-2p)Aj
+(A, = A pyi —(1-p)(1-x) )
~~ —
true positive false positive

EUA(mil0;) = A} + (Ay — A}) (pyi + (1 = p)(1 — xi))

Postive outcome
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Ex post Optimality

EU"(m) = (1—p)—(1-2p)A,
+A, —A)( pyi —(1-p(1—x) )
true positive false positive
pyi < (1= p)(1 — ) pyi > (1—p)(1 - ;)

S1
Sa

y= l,;p(l - )

P

> Ex post Optimality: (4},A}) = (1,0)

11/26



Favorite Experiment in S;: 7;

EU (m) = (1-p)—(1=2p)A;+ (A, —A})(pyi — (1 - p)(1 — x3)),
= pyi+ (1 —p)x if (A},A}) = (1,0).

Principal’s Indifference Curve
py+ (L —pla=EU"
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The First-best Outcome: Observable Types
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e The (ex ante) First-best Outcome: [(7, 1,0), (72, 1,0)],

Favorite Experiments and Ex post Optimality
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Summary of Results
Depending on the properties of S; and >,

» Cases in which the first-best outcome is achievable

> {(ﬁ-la 150>7 (7}27 170)}

Cases in which the first-best outcome is not achievable:
Favorite experiments vs. Ex post Optimality
» Favorite Experiments with distortion in ex post decisions
> {(71,Ap,A)), (72, A, AD)}
» optimal if #; meets quality requirements

» Ex post optimal decisions with distortion in assigning
experiments

> {(7T|, 1,0), (71‘2, ]70)}
> optimal if 7; fails to meet quality requirements
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Cases when the FB outcome is achievable

Remark
The principal can achieve the first-best outcome if 7; generates the
positive outcome more frequently than 7»
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M = {(71,1,0), (72,1,0)} vs. M' = {(71,1,0), (75,1,0)}
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Simplifying the Problem: Experiments
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Lemma
An optimal decision rule must assign 7; on the NEB(II;) for i = 1, 2.
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Simplifying the Problem: IC Constraints

NEB(I,)
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max ¢ - EU” (my) + (1 — ) - EUP (my)

miy,myp

EUA(m1|91) > EUA(mz‘Hl) (lC for type 91)
EU(my|6,) > EU*(my]6,) (IC for type 6,)
™ € NEB(Hl) and m, € NEB(Hz)
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Simplifying the Problem: IC Constraints
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max ¢ - EUY (my) + (1 — 1) - EUT (my)

mp,my
EU*(m|0,) > EU*(my|6;) (IC for type 6;)
m1 € NEB(I1}) and m, € NEB(II,)

Appendix , Appendix
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Two “Best” Experiments

according to other quality measures

Definition

(1) 7; is the experiment which maximizes the positive likelihood
ratio, ¥

(2) ; is the experiment which minimizes the negative likelihood
ratio, 2.

» The positive and negative likelihood ratios measure the quality
of experiments
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Two “Best” Experiments
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Optimal Decision Rule 1

Corollary

If 7; Blackwell-dominates every 7; € S;
(i.e., y; > y;and x; > x; for any m; =

an optimal decision rule should have w; = 7; fori = 1,2,

i.e., {(frlaA;szlly)v (7%27‘4;"4[27)}

1.“v

(xi,yi) € Si,)
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02
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Optimal Decision Rule 1

Proposition
If (i) 71 = 7 and (i) 7, = 72, an optimal decision rule should have
m=mifori=1,2,ie., {(71,A},A}), (72, A3, A})}.
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Optimal Decision Rule 2

Proposition

If 7 is “far from” 71 and 7, is “far from” 7,, an optimal decision rule
must achieve the ex post optimal decisions: (A}, Aj}) = (1,0) for

i=1,2.

—— -

—— e e =
-
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Optimal Decision Rule 1
> {(ﬁhA‘i’?A}))?(ﬁ-ZaAgaAIZJ)}

Proposition

(a) If 6, is “more likely” than 6,,
(Ay = 1,A} = 0) and (A; < 1,A} = 0) are optimal.

(b) If 8; is “less likely” than 6,,
(Ag =1,A, > 0) and (A; = 1,A} = 0) are optimal.
» The principal sacrifices ex post optimality to incentivise the

agent to conduct 7;.

» Ex post optimality is sacrificed for the type which is “less likely”
than the other.
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Optimal Decision Rule 2

> {(A},A}), (A2,A})} comes for free
» What is left is to find an appropriate (7, m)

» If NEB(II;) is a well-defined function, it can be written as N;(x;).

max {r- (pN1(x1) — (1 = p)x1) + (1 = 1) - (pNa(x2) — (1 — p)x2) }

X1,X2
s.t. pNi(x1) + (1 = p)x; = pNa(x2) + (1 — p)xa
X <xp <Xp

X <x <X
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Concluding Remarks

» Study a simple principal-agent problem

> Mechanism Designer vs. Information Designer

» Optimal decision rules
> First-best outcome might be achievable
> Two kinds of optimal decision rules
1. Favorite experiments with distortions in ex post decision-making

> Optimal when #; meets some quality requirements

2. Ex post optimal decisions with distortions in assigning
experiments

> Optimal when 7; fails to meet some quality requirements
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Simplifying the Problem: Experiments

NEB(II;)

NEB(II,)

Definition of 7;(;)

Given m; on NEB(II;), 7;(m;) is an experiment on NEB(II;) such that
{(m;,1,0), (7;(m;), 1,0)} is incentive compatible

(orpyi+ (1 —p)(1 —xi) = pyj+ (1 —p)(1 - X;).)
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Simplifying the Problem: Experiments

Proposition
An optimal M must have 7; “between” 7 (7,) and 7, and
“between” 1, and (7).

26/26



Simplifying the Problem: Action-probability pairs

> Given M = {(m1,A},A}), (m, Az, A7)}, IC constraint for type 6,
Aglpyr + (1= p)(1 = x1)) + A4 (1 = (py1 + (1 = p)(1 = x1)))
> Az (py2 + (1= p)(1 = x2)) + A5(1 = (py2 + (1 = p)(1 = x2)))
= M ={(m,1,A}), (m,A;,0)}

A+ (1 =AY (py1 + (1= p)(1 = x1) > A2(py2 + (1 = p)(1 — x2))

Lemma
An optimal M has

(a) a binding IC constraint and
(b) either Aj > 0orA; <1.

= M"' = {(m,1,A} >0),(m,1,0)} or M> = {(m1,1,0), (m2,A%2 < 1,0
b g
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Simplifying the Problem: Action-probability pairs

Proposition
Given (1, ) such that py; + (1 — p)(1 —x;) < py2 + (1 — p)(1 — x2),

(a) if 7(m,m) > =, (A = 1,A} = 0) and (A3 (w1, m) < 1,A7 = 0)
are optimal,

(b) if 7(my,m) < =L, (AL =1,A) (7, m) > 0) and (A2 =1,A2 =0
t g b g b

are optimal,
where (=p) (1) (—p)(1—x1)
o py + 1— 1—2P+Py _ l—p 1—x
(T, m) = (,,yz (T—p)(T—x )) ' ( 1—(py1+1(1—p)(1—)q))l )
Ai(mom) = B, and
—x + 1—x
Aé(mﬂfz) _ (0 1)((plezr)()1 (5))’(11 (xl)))( 1))
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