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Connecting to lessons 1 and 2

• General insights of moral hazard models emphasize the need to
contract on observable outcomes (i.e., performance measures) to
provide agents incentive to work

• The question is what outcomes should be included in those
contracts

• Holmstrom 1979 BJE “Moral hazard and observability” provides
an answer; we will discuss the intuition while skipping technical
details
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Value of information in contracts

• Suppose there are two noisy performance measures, output x,
and another signal y. When would contracting on y provide
strictly positive incremental value (it will always provide weakly
positive value as one can always ignore y) -> in a
decision-making context y has strictly positive incremental value
if y is not dominated by x in a Blackwell sense

• Holmstrom (1979) shows that y has no incremental value if and
only if x is a sufficient statistic for x and y given a

• In other words, so long as x is not a sufficient statistic for x and y
given a, y should always be included in a compensation contract
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What is a sufficient statistic

• x is a sufficient statistic for x and y given a if and only if
f(x, y|a) = g(x, y)× h(x|a), i.e., the joint density of x and y
given a can be written as a product of the density of x given a
and the joint density of x and y

• Intuitively, it means that y has no incremental information
relative to x in inferring a -> an example is y = x+ ε̃ where ε̃ is
some noise

• In this case, including y provides no additional benefit in
improving risk-sharing while incentivizing the agent to work (in
fact imposing more risk if the contract varies based on y)

• Intuition for otherwise including y is valuable: while the agent is
risk-averse, the agent is locally risk-neutral so for small enough
variation the agent is better off if y is sufficiently informative as
including y helps improve the agent’s effort incentive, as the
principal’s utility increase solely comes from the relaxation of IC
constraint.
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What about agent’s private info

• The answer depends on whether the private information is
observed before the agent exerts effort (pre-decision private
information) or after the agent exerts effort (post-decision private
information).

• Two effects due to the nature of information being private: the
agent can use this private information to her own advantage (e.g.,
shirking when knowing that the outcome will likely be good even
if not working) and the agent may not report private information
truthfully to the principal. Pre-decision information has both of
those effects, while post-decision information has only the second
effect. Those costs may be so large that it is either more efficient
to exclude any pre-decision private information acquisition or not
include the post-decision private information in the contract.

• We focus on post-decision case to preserve continuity with
Holmstrom 1979. Dye 1983 JAR ”Communication and
post-decision information” provide a sufficient condition for the
optimal contract to incorporate post-decision private information.
We discuss a binary version of the Dye setting.
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Model setup

• An agent exerts a ∈ {ah, al}. There is a public signal
y ∈ {yH , yL} that is informative of agent’s effort. The agent also,
after exerting effort, observes a private signal x ∈ {xL, xH};
assume that x is a sufficient statistic of (x, y) with respect to a,
i.e., p(x, y|a) = p(x|a)p(y|x) for any x, y, a; we have the usual
assumption that Pr(xH |ah) > Pr(xL|ah) -> If x is public, then
Holmstrom (1979) implies that the optimal contract should only
include x

• Dye (1983) shows that even if x is privately observable, it is still
beneficial to include (a report of) x in the contract; of course, the
contract has to include y -> as otherwise there is no verifiable
information in the contract

• The principal is risk-neutral and the agent is risk-averse with
utility function U(s(x̂, y))− V (a), where x̂ is the agent’s report of
her private information (more on this when we discuss adverse
selection); normalize V (al) = 0 and V (ah) = V
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Model setup

• Principal chooses s(x̂, y) to solve the following problem:

minE[s(x̂, y)|ah] s.t.

E[U(s(x̂, y))|ah]− V ≥ U (IR)

E[U(s(x̂, y))|ah]− V ≥ E[U(s(x̂, y))|al] (IC)
E[U(s(x̂H , y))|xH ] ≥ E[U(s(x̂L, y))|xH ] (TTxH

)

E[U(s(x̂L, y))|xL] ≥ E[U(s(x̂H , y))|xL] (TTxL
)

• Relative to the basic moral hazard problem, there are two more
constraints (TT represents truth-telling): when the agent
observes xH , the agent is better off communicating truthfully and
vice versa for xL (we will talk more about this when we talk
about adverse selection)
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Sketch of the solution

• As in usual contracting models, the key is to figure out which
constraints bind

• IR and IC bind for the same intuition as in the basic moral
hazard model -> IR binds as otherwise the principal is leaving
money on the table; IC binds as otherwise the moral hazard
problem will not exist

• We can show that TTxH
is not binding whereas TTxL

binds ->
rough intuition: you are concerned about agent observing xL to
lie to claim that xH is observed but you are not concerned about
agent observing xH to lie to claim that xL is observed, given that
xL is less likely when exerting ah

• TTxH
not binding implies that U(x̂L, yL) = U(x̂L, yH) ≡ U(x̂L)

-> If there is any spread between U(x̂L, yL) and U(x̂L, yH), say,
U(x̂L, yL) < U(x̂L, yH) then can increase U(x̂L, yL) and decrease
U(x̂L, yH) -> this reduces the spread of the contract while still
satisfying TTxH

as it is not binding

• We then have three binding constraints (IR, IC, and TTxH
) and

three unknowns U(x̂H , yH), U(x̂H , yL), and U(x̂L)
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Properties and intuition of the solution

• Solution has the following properties: U(x̂H , yH) and U(x̂H , yL)
are identical to the optimal contract when y is the only
contracting variable; U(x̂L) is identical to the optimal contract if
x were public and contractible

• Intuition: x is more informative than y and therefore contract
should refer only to x if x is public because x improves risk
sharing than y. However, since x is private, the insurance is
provided only when x̂L is reported. If x̂H is reported, do not refer
to x at all and use the same contract when contracting on y only.

• The efficiency comes from insuring agent who sees a more
informative albeit unfavorable x. Agents who see xH , however,
will not report x̂L as they think they are more likely to see yH
and thus their higher expected payoff will outweigh the risk
imposed on them
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Interpreting the model in accounting context

• Now put into some accounting context: think of x as voluntary
disclosure and y as mandatory disclosure. Gigler and Hemmer
1998 JAR ”On the frequency, quality, and informational role of
mandatory financial reports” interprets the case of x being a
sufficient statistic of x and y as mandatory disclosure playing a
confirmatory role. They use the lack of market reactions to
mandatory disclosure to justify this interpretation: earnings
forecasts are more informative whereas earnings announcements
merely serve to confirm that the information conveyed by
voluntary disclosure makes sense

• Ball et al. 2012 JAE ”Audited financial reporting and voluntary
disclosure as complements: A test of the confirmation
hypothesis” empirically tests the ”confirmatory” role of earnings:
committing to higher audit fees is associated with more
informative management forecasts
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Concluding slide for lesson 3

• When information signals are publicly observable, they should be
included in contracts so long as they are incrementally
informative (i.e., no other publicly observable information is a
sufficient statistic)

• When information is privately observable, they should also be
included in contracts so long as they are sufficiently informative
(for example, being a sufficient statistic for some publicly
observable information) -> the publicly observable info serves a
”confirmatory role”

• In the accounting context, one view is that mandatory disclosure
serves such a ”confirmatory role” for voluntary disclosure

• A review quiz of this lesson can be found at
https://forms.gle/oqpmAR3ggQLzurp57
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