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Types of investment distortions

e In general there are two types of distortions: underinvestment
and overinvestment -> “under” and “over” are relative to
first-best benchmark: when there is no friction in the economy
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Types of investment distortions

e In general there are two types of distortions: underinvestment
and overinvestment -> “under” and “over” are relative to
first-best benchmark: when there is no friction in the economy

e While whether there is underinvestment or overinvestment
depends on specific models, there are two general rules broadly
applicable to the real effects literature:

— When endogenous variables such as investment are measured with
noise (so the exact amount of investment is managerial private
information) but return on investment is common knowledge,
there is usually underinvestment

— When endogenous variables such as investment are measured
perfectly but exogenous variables such as state of nature that
determines investment outcomes are managerial private
information, there is usually overinvestment -> so-called
“signaling game”

— The intuition is related to the difference between math tools for
exogenous and endogenous variables that was discussed in lesson
2 of module 1
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When investment is measured with noise

e There is a manager that privately chooses the amount of
investment K; the firm value, denoted as 6, is # = K + ¢ where
€~ N(0,02); the investment incurs a cost of 1 K?
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e The market can observe a noisy report of K, denoted as
y = K 47 where 7 ~ N(0,07) and is independent of &; the
market sets the price after observing the report to be P = E[f]y];
the manager’s objective is to choose K to maximize
EolP|K] - 3 K*
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e There is a manager that privately chooses the amount of
investment K; the firm value, denoted as 6, is # = K + € where
€~ N(0,02); the investment incurs a cost of 1 K?

e The market can observe a noisy report of K, denoted as
y = K 47 where 7 ~ N(0,07) and is independent of &; the
market sets the price after observing the report to be P = E[f]y];
the manager’s objective is to choose K to maximize
EolP|K] - 3 K*

e First-best, i.e., when K is observable, results in P = K and
manager choosing K to maximize K — K2 so Kjp =1
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When investment is measured with noise

e Since K is endogenous, the market will make a conjecture about
the manager’s choice of K; denote the conjecture as K (which
will be consistent as the manager’s actual choice in equilibrium)
-> the market will attribute the discrepancy between y and its
conjecture K to measurement noise 7
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e Since K is endogenous, the market will make a conjecture about
the manager’s choice of K; denote the conjecture as K (which
will be consistent as the manager’s actual choice in equilibrium)
-> the market will attribute the discrepancy between y and its
conjecture K to measurement noise 7

e Therefore the market sets P = E[f|y] = K so the manager
chooses K to maximize Eg[P|K] = K — 1 K? resulting in
K* =0 < K} —> severe underinvestment —-> since the market
forms a conjecture about K and such conjecture, which is
reflected in capital market pricing, does not vary with the
manager’s choice, the manager’s marginal benefit of investment is

smaller than first-best, resulting in underinvestment
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Signaling model and overinvestment

e Suppose now K is perfectly observable but some economic
fundamental, denoted as r, that determines both investment
outcome and the cost of investment, is managerial private
information —> since the market does not observe r, we can
assume that market perceives a prior distribution on r but as we
see later on this is not necessary for the equilibrium we focus on);
the firm value is r + K whereas investment incurs a cost of %K 2
-> higher r represents higher investment outcome and lower
investment cost
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e Suppose now K is perfectly observable but some economic
fundamental, denoted as r, that determines both investment
outcome and the cost of investment, is managerial private
information —> since the market does not observe r, we can
assume that market perceives a prior distribution on r but as we
see later on this is not necessary for the equilibrium we focus on);
the firm value is r + K whereas investment incurs a cost of %K 2
-> higher r represents higher investment outcome and lower
investment cost

e The market observes K and sets P = E[r + K| market’s info]
whereas manager chooses K to maximize E[P — 3~ K?|r, K]

e Under first-best r is observable and thus P = r + K and manager
chooses K to maximize r + K — 3-K?, resulting in K =r
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Signaling model and overinvestment

e When the market cannot observe r, they will try to infer r from
the manager’s choice of K (similar to infer your opponent’s cards
from his/her actions in Texas Holdem) -> we focus on fully
revealing equilibrium, where the market can fully infer r from its
choice of K -> this implies K is (in this case) a strictly increasing
function of r
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Signaling model and overinvestment

e When the market cannot observe r, they will try to infer r from
the manager’s choice of K (similar to infer your opponent’s cards
from his/her actions in Texas Holdem) -> we focus on fully
revealing equilibrium, where the market can fully infer r from its
choice of K -> this implies K is (in this case) a strictly increasing
function of r

e Alternatively, one can interpret this as the manager using his/her
choice of K to signal his/her private information of r, which is
where the name “signaling model” comes from -> Spence 1973
QJE “Job market signaling” is the first paper on this: workers use
education level to signal their unobservable talent to employers

e There are two ways of solving for this problem: first, a
guess-and-verify approach; second, a mechanism design approach
similar to the adverse selection models discussed in module 3
(due to managerial private info)
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Signaling model and overinvestment

e Guess-and-verify: guess (and later verify) that K = br for some
to-be-determined constant b > 0 -> when the market observes K,
they will infer that r = £ and sets P(K) = & + K as they
cannot observe real r
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e Guess-and-verify: guess (and later verify) that K = br for some
to-be-determined constant b > 0 -> when the market observes K,
they will infer that r = £ and sets P(K) = & + K as they
cannot observe real r

e The manager chooses K to maximize & + K — ;L K? as the
manager has to take price as given but observes r to determine
the investment cost

e First order condition results in K*(r) = r(; +1) = 2r ->

b+1

Matching coefficient results in = b -> Solving and picking the

positive root results in b = # > 1 so in equilibrium there is
overinvestment

e Intuition similar to that in adverse selection models discussed in
module 3, high-type managers use investment distortion to
prevent low-type managers from mimicking as mimicking
investment distortion is more expensive for low types
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Signaling model and overinvestment

e The mechanism design approach borrows insights from the
adverse selection models: Since r is the manager’s private
information, it should be incentive compatible for the manager
who observes r to choose K (r) rather than K (r') for some 7/ # r
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Signaling model and overinvestment

e The mechanism design approach borrows insights from the
adverse selection models: Since r is the manager’s private
information, it should be incentive compatible for the manager
who observes r to choose K (r) rather than K (r') for some 7/ # r

e Denote the manager who observes r but chooses K (r’) (and who
will be interpreted by the market as of having observed ') as
W(r,K(r');r") =1+ K(r') — 5. K(1’)? (note that the actual
marginal investment cost, Q%,K 2. is determined by the actual type
as this is not based on market perception) -> incentive
compatibility thus requires W (r, K(r);r) > W (r, K(r');r") for
any 7, r’
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Signaling model and overinvestment

e We have a continuum of incentive compatibility constraints like
the continuous type adverse selection models discussed in module
3 => It can be shown that the continuum of comparability
constraints are equivalent to a differential equation

(V'(r) = K;T(;) where V(r) =7+ K(r) — 5-K?(r)) and a
monotonicity condition (K (r) increases in r) => See Myerson
1981 Mathematics of operations research “Optimal auction
design” or Kanodia and Lee 1998 JAR to be discussed in lesson 3
for more details => can still use “guess and verify” approach in
this case to solve the differential equation but generally would

need more advanced technical tools
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Concluding slide for lesson 2 Rl

e Investment distortions contain over- and under-investment
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e Investment distortions contain over- and under-investment

e A rule of thumb for over- or under-investment: if the endogenous
choice is not publicly observable (or observed with noise) we
usually have underinvestment; if the exogenous variables is not
publicly observable we usually have overinvestment as in classical
signaling models

e Whether there is over- or under-investment ultimately depends
on the specific setting and specific informational frictions of the
setting

e A review quiz of this lesson can be found at
https://forms.gle/3Vham1eBJ2x6SBNi8
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