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Abstract

In a standard adverse selection world, asymmetric information about

product quality leads to quality deterioration in the market. Suppose

that a higher investment level makes the realization of high quality

more likely. Then, if consumers observe the investment (but not the

realization of product quality) before purchase, they can infer the prob-

ability distribution of high and low quality that may be put on the

market. We uncover two effects that may lead the firm to overinvest

in quality compared to a market with full information: first, an ad-

verse selection effect according to which a sufficiently large investment

can avoid adverse selection and, second, an efficiency effect according

to which a larger investment reduces the probability of socially ineffi-

cient, low quality products in the market.
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1 Introduction

We examine the effects of asymmetric information on a firm’s incentive to

invest in the quality of its product. Asymmetric information prevails because

consumers cannot ascertain the quality of the product before they buy it.

Asymmetric information may then lead to adverse selection because a firm

upon learning its type has the option to exit the market. Prior to learning its

quality, the firm decides on a risky investment: a higher investment increases

the probability that product quality is high. Consumers can observe the

investment level and thereby, obtain information about the expected quality

in the market. Using a simple model, we show that in such a situation, firms

might end up investing more in quality under asymmetric information than

under full information.

Inspired by previous work that alludes to the adverse selection problem

arising from an unmodeled investment in quality (see, e.g., Milgrom and

Roberts, 1986), we explicitly model that the level of the investment affects

the probability distribution over quality and we provide two simple argu-

ments that support overinvestment in quality. First, if it is sufficiently likely

that the firm’s quality is low, the expected willingness to pay of a consumer

is less than the marginal cost of high quality (which is larger than the cost of

low quality). In such a situation the high-quality firm would exit the market

so that there is adverse selection. At the investment stage, the firm foresees

this problem: it can overinvest compared to the full information benchmark

to avoid adverse selection – we call this effect the adverse selection effect.

Second, since a larger investment gives evidence of a probability distribution

with a higher probability of high quality, incentives to invest are stronger

under asymmetric information if low-quality production is socially ineffi-

cient, that is, if the unit cost of production exceeds the willingness-to-pay

for this unit. Overinvestment (relative to full information, where inefficient

products are not offered in the market) here serves to limit the probability of

socially inefficient products being sold in the market – we call this effect the

efficiency effect. Each effect on its own may lead to overinvestment under

asymmetric information relative to the full information benchmark (which,

in our benchmark model, implements the socially efficient allocation).
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Key requisite for our result is the consumers’ ability to draw inferences

from investment levels on expected product quality. Consumers can be in-

formed about certain business practices and about the use of certain inputs.

Concerning business practices, the type of investment we have in mind can

be exemplified by a firm’s effort to meet standards for quality management

systems, such as ISO 9000. The ISO 9000 certification does not guarantee

the quality of end products and services; rather, it certifies that consistent

business processes are being applied. That is, it proves that the firm (actu-

ally, any type of organization) has put in place the necessary processes (i.e.,

a quality management system) “to fulfil the customer’s quality requirements,

and applicable regulatory requirements, while aiming to enhance customer

satisfaction, and achieve continual improvement of its performance in pur-

suit of these objectives.”1 Cole (1998, p. 68) confirms our view by suggesting

that firms may make ISO 9000 “their primary instrument for signaling qual-

ity to their customers.”2 ISO 9000 thus enables a firm to convince consumers

that the probability of a failure is low; yet, it cannot exclude the possibil-

ity of a failure and thus applying ISO 9000 does not constitute a minimum

standard on product quality.

Also, pharmaceutical firms provide information about their input in re-

search and development for a particular prescription drug, apparently to

make prescribing doctors and hospital pharmacists think that their product

is likely to be successful (and thus justify high margins). In the cosmet-

ics industry, the leading company, L’Oréal, emphasizes in its advertisement

campaigns the large number of patents it files every year (over 500 in 2005)

and how much it invests in cosmetic and dermatological research (3% of sales

or $625 million in 2005), so as to convince consumers of its commitment to

1 Taken from www.iso.org (ISO 9000. Understanding the basics).
2 However, firms may also seek certification simply in compliance with requirements of

major customers or regulators. To disentangle the relative importance of these two moti-

vations, Anderson et al. (1999) estimate a probit model of ISO 9000 certification. They

show that the signaling motivation is indeed important: the desirability of communicating

quality outcomes to external parties provides incremental explanatory power for the cer-

tification decision (even after including compliance motivations for seeking certification).

Quality management systems seem thus to correspond to the type of investments we refer

to in our model.
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market high-quality products. Producers of wines, organic food and other

food products invest in production processes and inform consumers about

these investments with the idea that the adoption of such processes leads to

better products on average. This information is often transmitted by the use

of certain labels provided by producer organizations that guarantee specific

production processes and inputs.

Concerning information about inputs, we note that in various industries

products consist of a collection of inputs of uncertain quality. Let us take

a particularly simple view on how product quality is determined: suppose

consumers only care about price and the probability that the product is ex-

perienced to be of high quality; this probability is determined by the share of

high-quality inputs. According to this view, the investment decision refers to

the decision to which extent to procure high-quality components. Then by

advertising the brands of some of the inputs, the firm informs consumers that

the product’s overall performance is likely to be good.3 Examples abound:

equipment manufacturers use certified components (e.g. Leica lenses in opti-

cal equipment); bike manufacturers advertise the components produced e.g.

by Shimano; Hollywood studios hire well-liked actors partly with the idea

that these actors lead to better movies on average. Presuming that bet-

ter actors make it more likely that consumers enjoy the movie, our theory

suggests that studios overinvest in these well-liked actors when the adverse

selection effect comes into play (even ignoring the competition at the box

office). We may even link our theory to the response of hiring decisions by

firms: a well-known CEO or CFO may be seen as a “branded” input that in-

creases the likelihood of good performance and thus improves the conditions

for external financing.

While there is an abundant economic literature on quality in asymmetric

information situations, we are not aware of work that uncovers the adverse

selection and efficiency effects described above. This literature starts with

Akerlof’s (1970) “lemons’ principle”, according to which adverse selection

(resulting from asymmetric information) causes the bad quality to drive the

good quality out of the market. Various ways have then been explored to

3 According to this view, there is no signaling taking place. Signaling motives can be

an alternative reason for the use of certified inputs if they are complements to each other.
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remedy, or at least alleviate, the underprovision of quality that prevails un-

der asymmetric information. Warranties (see e.g. Grossman, 1981) and

repeat purchase (see e.g. Klein and Leffler, 1981) may lead to socially opti-

mal quality levels. Leland (1979) has explored the role of minimum quality

standards as a policy to cope with the underprovision of quality in a compet-

itive market. He also explores the incentives of a professional group to set

a minimum industry quality standard. Here, a socially excessive minimum

quality standard may result as a means to restrict supply and as a means to

increase demand by affecting average quality. Note that Leland’s arguments

for excessive quality standards do not apply to our model.4

Signaling is another means by which firms may reduce the asymmetric

information and convince consumers of the good quality of their product.

Typically, in the signaling literature started by Spence (1973), an invest-

ment is non-productive but less costly for high-quality types. Spence shows

that the non-productive investment can be used as a signaling device.5 In

contrast with the signaling literature, the investment in our model is made

before the type is known.6 Here, the level of investment determines the

4 De Meza and Webb (1987) obtain an overinvestment result of a different sort. They

consider a competitive market in which entrepreneurs face an asymmetric information

problem when asking for outside finance. Entrepreneurs have to make the same level of

investment to enter the market but they differ in the probability to be successful. De Meza

and Webb show that too many entrepreneurs invest. In their model, the overinvestment

result directly stems from the adverse selection framework that makes high-quality projects

draw in low-quality projects. In a related model, Lensink and Sterken (2001) also obtain an

overinvestment result, which, however, stems from the possibility to delay the investment

decision and not from the heterogeneity of expected returns of projects. Yet, in these

models more aggregate investment lowers average quality.

Levin (2001) considers different qualities of seller information in an Akerlof model and

shows that the amount of trade and thus average quality are nonmonotone in the degree

of asymmetric information. See also Kessler (2001).
5 Other potential signals are price and advertising; see, e.g., the seminal contributions by

Nelson (1974) and Milgrom and Roberts (1986). In a price-signaling context, Shieh (1993)

has analyzed the investment incentives in cost-reducing innovations under asymmetric

information, where neither the investment nor product quality is observable to consumers.

He shows that asymmetric information about quality may strengthen the firm’s incentive

to invest in cost-reducing innovation.
6 In a signaling context, Daughety and Reinganum (1995) develop a monopoly model

in which R&D also affects the probability distribution over types and find that the firm
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probability distribution over types and thus directly provides information

to consumers. We obtain overinvestment under asymmetric information

compared to full information for the reasons explained above. These are

different from the signaling argument.7

Creane (2007) considers a market in which an unlimited number of ho-

mogeneous firms decide whether to enter with uncertain quality. After entry,

firms observe the quality; high quality is more costly than low quality. The

number of firms, determined by the free entry condition according to which

high and low quality firms stay in the market, is not sustainable because

the participation constraint of high-quality firms is violated, and thus would

lead to adverse selection. Therefore firms enter in smaller number and ob-

tain positive equilibrium profits under free entry. While Creane considers

entry for a given investment level, we analyze the situation for a given firm

in which the probability distribution over quality is continuously affected by

the investment level.

As outlined above, our paper provides new insights on the interaction

between asymmetric information and investment. Our benchmark model

has been stripped down to highlight the basic effects at work. As a down-

side, this does not allow us to address interesting policy questions. To this

end, we extend the analysis to markets in which the firm is not able to

extract the full expected surplus (as naturally arises in a bargaining con-

text, as analyzed in Subsection 4.2, or with downward sloping demand, as

analyzed in Subsection 4.3). In such markets, private and social incentives

to invest already differ under full information. Our overinvestment result

then implies that asymmetric information with respect to realized quality

may improve welfare. Public policy interventions (such as consumer reports,

or government approval of product introductions) often try to alleviate the

asymmetric information problem consumers face about final product qual-

ity. Our results show that such policies may be harmful to society as they

underinvests. While the firm can use price to signal quality, the R&D level is unobservable

to consumers and thus does not allow them to draw inferences, contrary to our setting.
7 An advantage of our formulation relative to the signaling literature is that consumers

obtain direct information, so that we do not need to be concerned with out-of-equilibium

beliefs.
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may reduce investments.

The paper is organized as follows. In Section 2, we lay out the model and

we analyze the benchmark of full information. In Section 3, we develop the

asymmetric information case and we contrast it to the benchmark in order to

establish our main result (which we illustrate through a numerical example).

In Section 4, we provide a number of extensions: we reconsider the analy-

sis introducing outside options, partial rent extraction, and heterogeneous

consumers. We conclude in Section 5.

2 The model and full-information benchmark

2.1 The model

Suppose a single seller offers a product to a unit mass of buyers. The seller’s

opportunity cost is cs, where s ∈ {L,H} is the quality of the product. High

quality is assumed to be more costly than low quality, cH > cL. There is a

unit mass of buyers who are assumed to be identical and have unit demand.

The valuation of each buyer is assumed to be rs. By definition, high quality

is more valuable than low quality, rH > rL. Denote I(λ) the investment that

is needed to obtain that with probability λ the product is of high quality.

Specifically, suppose that I(λ) = (k/2)λ2, which satisfies I ′ > 0, I ′′ > 0,

and limλ→0 I
′(λ) = 0.

We consider the following three-stage game: at stage 1, the firm invests I

in quality; at stage 2, after learning the quality realization it sets its price; at

stage 3, buyers form beliefs about product quality and make their purchasing

decision. As stated in the introduction, I(λ) can be interpreted as efforts

to meet standards for quality management systems, or as a commitment to

meet on average a certain reliability or quality of the product. This is an

upfront investment in the “design” of the product which does not affect the

marginal cost.8 After quality has been realized, a firm with the ability to

produce a certain quality level has to use variable inputs for production.

8 Arguably, incorporating branded inputs into the product also affects marginal cost.

In our specification, we stress the fixed-cost part of the contractual arrangement between

input provider and firm. Our theory generalizes to variable costs that not only depend on

the realization of quality but also on λ.
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These inputs are more costly for high than for low quality.9

As we will explore below, under full information the firm chooses a

strictly positive investment level if rH − cH > rL − cL and zero investment

if the reverse inequality holds. Note that in our setting, the full-information

solution implements the first best allocation (this is due to the fact that the

firm fully extracts all surplus); thus, deviations from the first best are the

result of asymmetric information.

If the quality choice and the underlying investment decision cannot be

observed by consumers, the firm has no means to convince consumers that its

product is of high quality; the firm will therefore invest zero. This confirms

that in markets in which firms choose quality, firms tend to provide too low

a quality from a social point of view.

What we investigate is whether a risky investment in quality, where the

investment is observable to consumers, results in the same type of quality

trap as before. Clearly, the situation we envisage now potentially allows

consumers to obtain information about the expected quality in the market,

since consumers observe the investment effort and have a clear understanding

of the relationship between investment spending and expected quality. We

restrict attention to equilibria in which the firm extracts all rents so that

price is equal to expected surplus.10

To simplify the exposition, and with minimum loss of generality, we make

the following set of assumptions:

(A1) rH > cH ,

(A2) rH − cH > |rL − cL| ,

(A3) cH > rL.

According to assumption (A1), the high quality is socially beneficial. We

make no such assumption for the low quality; rather, we want to contrast

9 Here, a moral hazard problem may arise according to which a high-ability producer

deviates to low quality. We deal with this issue in the extension section.
10 In a modified model in which the number of consumers exceeds the number of available

units and in which consumers bid for the product, equilibrium price is necessarily equal

to expected surplus (see e.g. Tadelis, 1999).
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the cases where the low quality is either socially beneficial (rL > cL) or not

(rL < cL). What assumption (A2) simply says is that the social benefit of

high quality is larger than the social benefit (or social cost) of low quality.

Finally, according to assumption (A3), the cost of the high quality is larger

than the consumers’ valuation of the low quality.11

2.2 Full information benchmark

We first analyze the full information case, in which consumers observe the

investment and the realization of quality. We distinguish between two cases.

In what is referred to below as case (1), low quality is socially beneficial (rL ≥

cL) and is therefore put on the market under full information. Otherwise,

if rL < cL, referred to as case (2), low quality is not socially beneficial and

hence, not produced under full information.

Low quality is socially beneficial. When rL ≥ cL, the firm’s maximiza-

tion problem is maxλEπ1 = λ(rH−cH)+(1−λ)(rL−cL)−(k/2)λ
2. Solving

the first-order condition of profit maximization, we obtain as the probability

for high-quality: (rH − cH − rL+ cL)/k, which is positive under assumption

(A2). Note that we have an interior solution if k > rH − cH − rL + cL (oth-

erwise the probability is 1). We also check that the firm’s expected profit

evaluated at λ = (rH − cH − rL + cL)/k is positive:

Eπ1|λ=(rH−cH−rL+cL)/k =
1
2k (rH − cH − rL + cL)

2 + (rL − cL) > 0 (1)

In sum, the probability for high quality under full information in case (1) is

λf1 =

{
1
k [(rH − cH)− (rL − cL)] if k > rH − cH − rL + cL ≡ k0,

1 if k ≤ k0.
(2)

Low quality is not socially beneficial. When it is assumed instead

that rL < cL, the firm’s problem is maxλEπ2 = λ(rH − cH) − (k/2)λ
2,

which yields the following profit-maximizing probability for high-quality:

11 Assumptions (A2) and (A3) are technical assumptions that allow us to rule out sub-

cases of little interest. The three assumptions are clearly compatible when the low quality

is not socially beneficial (rL < cL). Otherwise, assumptions (A2) and (A3) are compatible

as long as rL < (rH + cL) /2.
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(rH − cH)/k, which is positive under assumption (A1). Note that we have

an interior solution as long as k > rH − cH (otherwise the probability is 1)

and that the firm’s expected profit evaluated at λ = (rH−cH)/k is positive.

We can then define the probability for high quality under full information

in case (2) as

λf2 ≡

{
1
k (rH − cH) if k > rH − cH ≡ k1,

1 if k ≤ k1.
(3)

3 Asymmetric information

In this section we analyze the situation of asymmetric information, in which

consumers observe I but not the realization of quality. We analyze perfect

Bayesian equilibria of the game in which the firm observes quality after

stage 1 and consumers only observe the investment level (and price) but not

the realized quality. We treat separately the same two cases as in the full

information benchmark: (1) rL ≥ cL and (2) rL < cL.

3.1 Low quality is socially beneficial

We start by considering the case with rL ≥ cL. Suppose first that consumers

expect any quality realization to be put on the market (clearly, if high quality

is put on the market, so is low quality since its costs are lower). The expected

surplus is thus λrH + (1− λ)rL, which is the price the firm will set at stage

2. Hence, expected profits at stage 1 are

λ[λrH + (1− λ)rL − cH ] + (1− λ)[λrH + (1− λ)rL − cL]− (k/2)λ
2

= λ(rH − cH) + (1− λ)(rL − cL)− (k/2)λ
2.

Solving the first-order condition of profit maximization, we obtain as the

probability for high-quality:

λa ≡ 1
k (rH − cH − rL + cL) . (4)

We found the same value under full information. So, we already know that

λa < 1 provided that k > k0 and, from expression (1), that the firm’s

expected profit evaluated at λ = λa is positive when rL ≥ cL.
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Comparing expression (4) with expression (2), we observe that, when

consumers expect both qualities to be put on the market, the probability

for high-quality is the same under asymmetric information and under full

information (λa = λf1), meaning that investment incentives are not affected

by consumer information if low quality is socially beneficial.

However, the previous conclusion only holds when a high quality product

does actually stay in the market under asymmetric information. For this

to be true, the firm must be interested in offering high quality. While it is

always willing to do so under full information (under our assumption that

rH > cH), it might prefer to stay out of the market under asymmetric

information. In other words, the firm faces an adverse selection problem.

For a high-quality firm to make positive operating profits, the price must

exceed costs, i.e. λrH + (1− λ)rL − cH ≥ 0, which is equivalent to

λ ≥ λ̃ ≡
cH − rL
rH − rL

.

Hence, the firm will indeed implement λa if λa ≥ λ̃, which can be rewritten

as

λa ≥ λ̃⇔ k ≤
rH − rL
cH − rL

(rH − cH − rL + cL) ≡ k2,

which is strictly positive (as well as λ̃) under assumption (A3). If k > k2 and

the firm implemented λa, consumers would know that a high-quality firm

would not participate, so that their beliefs about product quality would not

be confirmed. Consumers expect a sufficiently high probability that the

product is of low-quality, which reduces their willingness to pay. Hence, the

firm cannot charge a sufficiently high price to cover its cost in case it is of

high quality. In such a case (i.e., λa < λ̃ or k > k2), the firm has the option

to increase its investment expenditure, so as to increase the probability of

high quality up to λ̃.

In such a situation, overinvestment under asymmetric information is

driven by, what we call, the adverse selection effect, as the overinvestment

avoids adverse selection. The condition for this option to be profitable is

the following. As rL > cL, the firm may alternatively invest zero and offer

low quality on the market. The former action is more profitable than the

latter if λ̃(rH − cH) + (1− λ̃)(rL− cL)− (k/2)λ̃
2
> rL − cL or, equivalently,
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λ̃[(rH − cH) − (rL − cL)] − (k/2)λ̃
2
> 0. Solving for k we must have k <

2[(rH − cH)− (rL − cL)]/λ̃, which is

k < 2
rH − rL
cH − rL

[(rH − cH)− (rL − cL)] = 2k2.

As k2 > k0 follows from assumption (A1), we now have a complete picture

of the probability of high quality under asymmetric information in case (1).

We compare it to the full information solution in the following lemma.

Lemma 1 When low quality is socially beneficial, the adverse selection ef-

fect drives the firm to overinvest in quality (λa1 > λ
f
1) for intermediate values

of the investment cost (k2 < k ≤ 2k2). For small values of the investment

cost (k2 < k ≤ 2k2), investment incentives are not affected by consumer in-

formation (λa1 = min {λ
a, 1} = λf1), while for large values of the investment

cost (k > 2k2), the firm underinvests in quality (λa1 = 0 < λ
f
1).

3.2 Low quality is not socially beneficial

We consider now the case with rL < cL (meaning that under full information,

low quality would not be put on the market). We start again by supposing

that consumers expect any quality realization to be put on the market. As in

the previous case, the probability for high-quality that maximizes the firm’s

expected profits at stage 1 is λa for k ≤ k0, or 1 otherwise. The difference

with the previous case is that the firm’s expected profit evaluated at λ = λa

might now be negative as rL − cL < 0. Therefore, in the present case, the

firm is better off when it enters the market than when it is not active as

long as λa(rH − cH) + (1− λ
a)(rL − cL)− (k/2) (λ

a)2 > 0, or

k <
(rH − cH − rL + cL)

2

2(cL − rL)
≡ k3.

It is easily checked that rL < cL and assumption (A3) imply that k1 < k0 <

k3.

Comparing expression (4) with expression (3), we observe now that,

when consumers expect both qualities to be put on the market, investment

incentives are stronger under asymmetric information than under full infor-

mation: λa > λf2 . Here, low-quality products are not released on the market
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under full information, but low quality is always consumed under asym-

metric information. Since this expected lower quality is reflected in price

and since low quality is produced at costs above the consumers’ willingness

to pay, the firm has an incentive to reduce the probability of low quality

products through higher investments.

When low quality is not socially beneficial, there is thus an additional

reason for firms to overinvest in quality. Overinvestment is driven by what

we call the efficiency effect, as the firms attempt to make the probability

of low quality realizations smaller under asymmetric information to avoid

their inefficient release on the market. It is only when the investment cost is

very high (i.e., k > k3) that the firm prefers not to invest under asymmetric

information while it keeps on investing under full information.

We still need to assess the adverse selection effect. We have indeed

assumed so far that a high quality product stays in the market under asym-

metric information. But what happens if the firm is not willing to offer high

quality on the market? As we have shown above, a high-quality firm does

not make positive operating profits when λ < λ̃. Hence, consumers’ beliefs

about both qualities being offered are not confirmed if λa < λ̃ or k > k2.

As in the previous case, the adverse selection effect might then drive the

firm to overinvest in quality (i.e., to choose λ̃ instead of λa). What changes

in the present case is the condition for this overinvestment to be profitable.

Here, the alternative for the firm is to invest zero and stay altogether out

of the market (whereas, in case (1), the firm could still produce the socially

beneficial low quality). Hence, with rL < cL, overinvestment is profitable if

λ̃(rH − cH) + (1− λ̃)(rL − cL)− (k/2)λ̃
2
> 0, which is equivalent to

k <
2 (rH − rL) (cH − cL) (rH − cH)

(cH − rL)
2 ≡ k4.

Hence, overinvestment to avoid adverse selection occurs as long as k is com-

prised between k2 and k4. This is only possible if k4 > k2, or equivalently

if

cL < rL +∆, with ∆ ≡
(cH − rL) (rH − cH)

(2rH − rL − cH)
> 0,

i.e., if the cost of the low quality is not too large (though it is larger, in case

(2), than the valuation of the low quality).
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We thus need to distinguish between two sub-cases. In case (2a), cL <

rL +∆ and there exist values of the investment cost for which the adverse

selection effect leads the firm to overinvest (k2 < k < k4). Moreover, a few

lines of computation establish that

k3 − k4 =
(rLrH−2cLrH−r2L+rLcL+rHcH−c

2

H
+cLcH)

2

2(cL−rL)(cH−rL)
2 > 0.

We can therefore summarize the situation in case (2b) as in the following

table (where λa2 denotes the probability of high quality under asymmetric

information in case (2)).

k ≤ k1 λa2 = λ
f
2 = 1 no effect of information

k1 < k ≤ k2 λa2 = min {λ
a, 1} > λf2 overinvestment (efficiency)

k2 < k ≤ k4 λa2 = λ̃ > λ
f
2 overinvestment (efficiency

+ adverse selection)

k > k4 λa2 = 0 < λ
f
2 underinvestment

In contrast, in case (2b), cL ≥ rL + ∆ and the firm never overinvests

in quality to avoid the adverse selection effect (as k4 ≤ k2). Then, the

comparison between the asymmetric and the full information solutions is as

follows.

k ≤ k1 λa2 = λ
f
2 = 1 no effect of information

k1 < k ≤ k3 λa2 = min {λ
a, 1} > λf2 overinvestment (efficiency)

k > k3 λa2 = 0 < λ
f
2 underinvestment

We collect the results about the two sub-cases in the next lemma.

Lemma 2 When low quality is not socially beneficial, overinvestment may

occur because of the efficiency effect only (if cL ≥ rL +∆ and k1 < k ≤ k3,

or if cL < rL + ∆ and k1 < k ≤ k2) or because of a combination of the

efficiency and the adverse selection effects (if cL < rL+∆ and k2 < k ≤ k4).

Otherwise, for low values of the investment cost, investment incentives are

not affected by consumer information (λa2 = λf2), while for large values of

the investment cost, the firm underinvests in quality (λa2 = 0 < λ
f
2).
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3.3 Summary and illustration

Proposition 1 collects the results of Lemmata 1 and 2.

Proposition 1 If consumers observe investments in the quality of products

but not the quality itself, a firm invests strictly more in quality under asym-

metric information than under full information, provided that (1) rL ≥ cL

and k2 < k ≤ 2k2 or (2a) rL < cL < rL + ∆ and k1 < k ≤ k4, or (2b)

rL + ∆ ≤ cL and k1 < k ≤ k3. In case (1) overinvestment is due to the

adverse selection effect; in case (2a), it is due to the efficiency effect or to a

combination of the two effects; in case (2b), it is due to the efficiency effect

only.

The three situations of over-investment are depicted in Figure 1. To

get the intuition behind our result, let us restate the argument. First, we

have seen that ignoring the participation constraint of the high-quality firm,

investment incentives weakly increase under asymmetric information com-

pared to full information. The reason for the potential overinvestment is

that a low-quality firm stays in the market under asymmetric information

even though its value is less than the cost because it is sold at the expected

and not the actual value. The fact that the product may be of low quality

is taken into account by consumers and thus reflected in the price. There-

fore, by investing more, the firm can convince consumers that the risk of

obtaining low quality is reduced. This is the efficiency effect.

Secondly, taking into account the participation constraint of a high-

quality firm, investments under given beliefs may be insufficient to make

selling high quality worthwhile. This implies that λa cannot be the equilib-

rium belief at the investment level I(λa). To make the participation of the

high-quality firm worthwhile, the firm has to distort its investment upward

in order to convince consumers that a high-quality outcome is more likely,

in which case they are willing to pay more. Thirdly, at the investment stage

the firm has to compare profits with such an upward distorted investment

to the outside option (which is either zero or to sell low quality). It may be

profitable to overinvest. This is the adverse selection effect.
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Figure 1: Overinvestment under asymmetric information

Finally, it is only when investments are too costly (i.e. k > 2k2 for

rL > cL or k > k3 or k4 for rL < cL) that the standard underinvestment

result under asymmetric information holds.

A numerical example (which gives parameter values to all parameters

except k) illustrates our results for cases (1) and (2a). Take rH = 10,

cH = 6, and cL = 2. We take two values for rL: either rL = 3 > cL (case

(1)) or rL = 1 < cL (case (2a)). Consider first case (1) with rL = 3. Under

full information, the firm would choose its investment such that λf1 = 3/k.

As we have seen above, under asymmetric information and provided that

consumers expect that products are sold on the market independent of the

realization of the random variable, the firm would invest such that λa = λf1 .

However, for a high-quality firm to make positive operating profits the price

must exceed costs, i.e. λrH+(1−λ)rL−cH ≥ 0, which becomes λ ≥ λ̃ ≡ 3/7

under our parameter values. Hence, the firm will indeed implement λa if

λa ≥ λ̃. Otherwise, if the firm implemented λa, consumers’ beliefs about

product quality would not be confirmed. The firm can then increase its

15



investment expenditure to increase the probability of high quality. Expected

quality is higher than under full information if λ̃ = 3/7 > 3/k = λf1 , which

is equivalent to k > k2 = 7. To be an equilibrium strategy also at the

investment stage, expected profits must be greater than rL − cL = 1, i.e.

4λ + (1 − λ) − (k/2)λ2 ≥ 1. Evaluated at λ̃ = 3/7, this is equivalent to

k ≤ 2k2 = 14. Hence, for parameter values k ∈ (7, 14] the firm invests

strictly more under asymmetric than under full information.

Suppose now that rL = 1, so that we are in case (2a). We check that

cL − rL = 1 < ∆ = 20/13, so that k3 > k2. Under full information, the firm

would choose its investment such that λf2 = 4/k. Hence, k1 = 4. Redoing the

computations under asymmetric information, we find that k0 = 5, k2 = 9,

k4 ≃ 11.5 and k3 = 12.5. Take, e.g., k = 10 and compute the various

thresholds on λ:12

λ̃ = 5
9 > λ

a = 1
2 > λ

f
2 =

2
5 .

Hence, for parameter values k ∈ (4, 11.5] the firm invests strictly more

under asymmetric information than under full information. For an interme-

diate range of investment cost levels (k ∈ (9, 11.5)) the firm has to further

increase its investment in order to convince consumers that a high-quality

product will be put on the market. Only if investment costs are too high

(k > 11.5), investment under asymmetric information breaks down to zero

and is therefore less than under full information. Figure 2 illustrates our

results in case (2a), where rL < cL.13

In the exposition above we chose a quadratic investment cost function

merely to provide a simple explicit characterization. Focussing on the ad-

verse selection effect, we show that the overinvestment result may obtain for

any strictly convex investment cost function I(λ) with I ′(λ) > 0, I ′′(λ) > 0,

I ′(0) = 0, . Here, to obtain interior solutions, we impose the boundary

conditions limλ→1I
′(λ) =∞.

12 We have checked that expected profits at stage 1 under λ̃ are positive (namely, λ̃(rH−

cH) + (1− λ̃)(rL − cL)− (k/2)λ̃
2

= 19/81).
13 Although the firm invests more under asymmetric information, it can easily be checked

that it always makes at least as much profits under full information than under asymmetric

information.
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Figure 2: Investment in quality in case (2a)

Under full information, and assuming that the low quality is socially

beneficial, we obtain

λf = I ′
−1

[(rH − cH)− (rL − cL)].

Under asymmetric information, a firm ignoring the participation con-

straint would choose the same level of investment that is implied by λf ,

i.e., λa = I ′
−1
[(rH − cH) − (rL − cL)]. Now, taking the participation con-

straint into account, λa is the firm’s actual choice as long as the price

exceeds costs, i.e. λrH + (1 − λ)rL − cH ≥ 0, which is equivalent to

λ ≥ λ̃ = (cH − rL) / (rH − rL). Hence, the firm will indeed implement

λa if λa ≥ λ̃, or

I ′
−1

[(rH − cH)− (rL − cL)] ≥
cH − rL
rH − rL

.

Otherwise, the firm may find it profitable to increase its investment up

to I(λ̃). This is so if λ̃(rH − cH) + (1 − λ̃)(rL − cL) − I(λ̃) > rL − cL

or, equivalently, λ̃[(rH − cH) − (rL − cL)] − I(λ̃) > 0. Define the average

investment cost J(λ) ≡ I(λ)/λ. We must have [(rH−cH)−(rL−cL)]−J(λ̃) >

0. Denote
˜̃
λ as the solution to [(rH − cH)− (rL − cL)]− J(λ) = 0, i.e.

˜̃
λ =

J−1[(rH − cH) − (rL − cL)]. If λ̃ <
˜̃
λ, overinvestment in order to avoid

adverse selection is profitable. To summarize, we must have

I ′
−1

[(rH − cH)− (rL − cL)] <
cH − rL
rH − rL

< J−1[(rH − cH)− (rL − cL)].
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Fix D ≡ (rH − cH) − (rL − cL). By the strict convexity of I, we have

that I ′
−1
(D) < J−1(D). Hence, if the parameters are such that the ratio

(cH − rL) / (rH − rL) lies in some appropriately defined intermediate range,

then overinvestment occurs because of the adverse selection effect.

4 Extensions

In this section, we test the robustness of our results by extending the previ-

ous analysis into several directions.14 We first introduce outside options in

order to solve the moral hazard problem. We show that the adverse selec-

tion and the efficiency effects are still at play under this alternative setting.

Second, we assume that the seller can only partially extract the rent. Third,

we assume that consumers have heterogeneous valuations for quality. In the

latter two extensions, we focus on the adverse selection effect and we show

that there exist situations where this effect drives the firm to invest more in

quality under asymmetric than under full information.

4.1 The analysis with outside options

Our analysis can be criticized for the fact that under asymmetric informa-

tion, high quality is less profitable than low quality since both are sold at

the same price, while low quality is cheaper to produce. If a successful in-

vestment enables the firm not only to produce high but also low quality, the

firm will always deviate to low quality due to the moral hazard problem.

This in turn would imply that a firm does not have any incentive to invest

under high quality because a higher investment does not contain information

about the expected product quality that will be put on the market. How-

ever, if the production cost of high and low quality is the same whereas high

and low quality give different values for an outside option, a high quality

firm does not have an incentive to deviate to low quality (provided that its

production costs do not increase in quality).15 We show that our qualitative

14 To keep the exposition simple, we use (and sometimes slightly abuse) the notation we

introduced in the previous section.
15 For an analysis of quality increasing outside options in a signaling context, see Daugh-

ety and Reinganum (2005). We can also think of the outside option as a costly action
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findings from above are confirmed.

Let vH and vL denote the value of the outside option for high and low

quality, respectively, while c denotes the production cost which is indepen-

dent of quality. By the nature of the problem, rH > vH > rL > vL. In

addition, we assume that the value of the outside option for high quality ex-

ceeds production costs, vH > c. We can then replicate the analysis of Section

2.2. First, we obtain the probability for high quality under full information

as

λf ≡

{
1
k (rH − c) if rL < c,
1
k (rH − rL) if rL ≥ c,

and we define k̂0 ≡ rH − c. Next, we turn to the analysis under asymmetric

information and consider first the case rL ≥ c. In analogy to Section 3, we

obtain that λ̂
a
= (1/k)(rH − rL) and ̂̃λ = (vH − rL)/(rH − rL), where the

latter expression comes from the condition that the price λrH + (1 − λ)rL

has to exceed the value of the outside option for a high-quality product vH .

We then can calculate the critical value of k above which overinvestment

with ̂̃λ > λ̂a may be required to solve the adverse selection problem:

k̂2 =
(rH − rL)

2

vH − rL
.

For an investment I(λ) with λ ≤ λ̂
a

to be worthwhile, we must have that

the profit is non-negative for rL < c. We obtain that this is the case for all

k ≤ k̂3 where

k̂3 =
(rH − rL)

2

2(c− rL)
,

which is always greater than k̂0. Hence, the non-negativity condition is not

binding for all k ≤ k̂2 if k̂3 > k̂2. This is equivalent to vH + rL > 2c.

Consider now k > k2. For rL > c, an upward distortion of the invest-

ment gives greater profit than offering low quality in the market at zero

taken by the firm; in particular, it may use the services of a third-party certifyer, who

certifies realized product quality (for an analysis of fully revealing third-party certification,

see Biglaiser, 1993; for the use of third-party certification as an alternative option within

a price signaling context, see Daughety and Reinganum, 2007). If this action fully reveals

its product quality, the firm can sell high quality under full information at a price rH . For

instance, if t is the cost of certification then vH = rH − t and vL = rL − t are the values

of the outside option.
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investment, i.e. λrH + (1− λ)rL − c− (k/2)λ
2 > rL − c, as long as k < 2k̂2.

Overinvestment results then from the adverse selection effect.

For rL ≤ c, an upward distortion of the investment gives greater profit

than being inactive with zero investment, i.e. λrH+(1−λ)rL−c−(k/2)λ
2 >

0, as long as k < k̂4 where16

k̂4 = 2
vH − c

vH − rL

(rH − rL)
2

vH − rL
.

Here, it is a combination of the efficiency and the adverse selection effects

that drives the overinvestment.

We can summarize our analysis as follows.

Proposition 2 Suppose that a successful investment allows the firm to choose

between high and low quality, which are produced at equal cost, but that high

quality has a higher value than an outside option. If consumers observe

investments in the quality of products but not quality itself, a firm invests

strictly more in quality under asymmetric information than under full in-

formation, provided that (1) rL > c and k̂2 < k ≤ k̂4, or (2) rL < c and

k̂0 < k ≤ max
{
k̂2, k̂3

}
. In case (1) overinvestment is due to the adverse

selection effect; in case (2), it is due to the to a combination of the efficiency

and the adverse selection effects.

4.2 Partial surplus extraction

In this extension, we depart from the initial framework by assuming that

the firm can only extract a share α (with 0 < α < 1) of the surplus. We

focus here on the case where the low quality is socially beneficial (rL ≥ cL);

hence, if overinvestment occurs, it can only be due to the adverse selection

effect.

We start with the full information benchmark. The firm’s maximization

problem in stage 1 is maxλEπ = λα(rH−cH)+(1−λ)α(rL−cL)−(k/2)λ
2.

Solving the first-order condition of profit maximization, we obtain as the

16 The inequality can be rewritten as 2[λ(rH − rL) + rL − c]/λ
2 > k. To obtain k̂4, we

substitute the expression for ̂̃λ. Clearly, k̂4 > k̂3 is equivalent to (vH + rL)/2 > c because

in this case profits at λ̂
a

are strictly positive, so that an upward distortion that solves the

adverse selection problem is worthwhile.
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probability for high-quality: α(rH − cH − rL + cL)/k. For low values of k,

this probability is larger than one. Hence, the probability for high quality

under full information is

λf (α) =

{
α
k [(rH − cH)− (rL − cL)] if k > α[rH − cH − rL + cL] ≡ k0(α),

1 if k ≤ k0 (α) .

Consider now the asymmetric information case. Suppose first that con-

sumers expect any quality realization to be put on the market. Buyers pay

the price that implements the surplus sharing rule α. Hence, they pay their

expected willingness to pay λrH +(1−λ)rL minus their share (1− α) of the

total surplus λ(rH − cH) + (1− λ)(rL − cL). That is, the payment is given

by

λrH + (1− λ)rL − (1− α)[λ(rH − cH) + (1− λ)(rL − cL)]

= α[λrH + (1− λ)rL] + (1− α)[λcH + (1− λ)cL].

The expected seller surplus is thus α[λ(rH − cH) + (1 − λ)(rL − cL)].

Hence, expected profits at stage 1 are

α[λ(rH − cH) + (1− λ)(rL − cL)]− (k/2)λ
2.

Solving the first-order condition of profit maximization, we obtain as the

probability for high-quality:

λa (α) ≡ α
k [(rH − cH)− (rL − cL)] .

We know from our previous analysis that λa (α) is the actual firm’s choice

as long as it allows the firm to make positive operating profits. That is, the

payment must exceed costs cH , i.e., α[λrH +(1−λ)rL]+ (1−α)[λcH +(1−

λ)cL]− cH ≥ 0, which is equivalent to

λ ≥ λ̃ (α) ≡
cH − αrL − (1− α)cL

α(rH − rL) + (1− α)(cH − cL)
.

Therefore, the firm will indeed implement λa if λa (α) ≥ λ̃ (α), which can

be rewritten as

k ≤
α(rH − rL) + (1− α)(cH − cL)

cH − αrL − (1− α)cL
α (rH − cH − rL + cL) ≡ k2 (α) .
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If k > k2 (α), then the firm has the option to increase its investment expendi-

ture, so as to increase the probability of high quality up to λ̃ (α). This option

must yield larger profits than investing zero and offering only the low quality.

That is, α[λ̃ (α) (rH − cH)+ (1− λ̃ (α))(rL− cL)]− (k/2)λ̃ (α)
2 > α(rL− cL)

or, equivalently, αλ̃ (α) [(rH − cH) − (rL − cL)] − (k/2)λ̃ (α)
2 > 0. Solving

for k we must have k < 2α[(rH − cH)− (rL − cL)]/λ̃ (α), which is

k < 2
α(rH − rL) + (1− α)(cH − cL)

cH − αrL − (1− α)cL
α (rH − cH − rL + cL) = 2k2 (α) .

We finally check that rH > cH implies that k2 (α) > k0 (α). We there-

fore observe that the results we obtained in the previous section with full

rent extraction carry over to the case of partial rent extraction. Indeed,

overinvestment is observed for k2 (α) < k ≤ 2k2 (α): for such values of the

investment cost, the firm chooses λ̃ (α), which is above the full information

level.

The only noteworthy difference to our previous analysis is that the in-

vestment under full information is insufficient from a social point of view

because the seller can only appropriate part of the surplus. Thus, the

presence of asymmetric information may alleviate the social underinvest-

ment problem. Indeed, the expected total net surplus is given by S (λ) =

λ (rH − cH)+(1− λ) (rL − cL)−(k/2)λ
2. We know from our previous analy-

sis that S (λ) reaches a maximum at λ = (1/k) [(rH − cH)− (rL − cL)],

which is equal to what we refer to as λf (1) in the present subsection. We

have also computed above that λ̃ (α) < λf (1) for k < k2 (1). Therefore, for

k2 (α) < k ≤ min {2k2 (α) , k2 (1)}, the firm invests more under asymmetric

information than under full information, and this overinvestment expands

the expected total net surplus (as k < k2 (1) implies that we are in the

increasing section of S (λ)).17

17 It is easily seen that 2k2 (α) < k2 (1) is equivalent to α < 1/2. Hence, if the firm

appropriates less than half of the surplus, then the overinvestment due to the adverse

selection effect is always welfare improving. On the other hand, if α > 1/2 and k2 (1) <

k < 2k2 (α), then we are in the decreasing section of S (λ) and welfare is improved as long

as S
(
λ̃ (α)

)
> S

(
λf (α)

)
.
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4.3 Heterogeneous consumers

We suppose now that consumers share the same valuation rL = 0 but differ

in their valuation for high quality rH . The cumulative distribution function

over rH is denoted by F : R+ → [0, 1]. We assume that F is continuous

on R+ and has a density f that takes values f(r) > 0 and is continuously

differentiable for all r ∈ (r, r), where r ∈ R+ ∪ {∞}, and f(r) = 0 for

all r /∈ [r, r]. Note that we allow for f(r) and f(r) to be zero or strictly

positive. We assume that the inverse hazard rate h(·) ≡ (1 − F (·))/f(·)

is nonincreasing in r and h(r) = 0 if r is finite. The monotone hazard

rate assumption is satisfied if and only if 1−F is log-concave; this property

holds for a variety of parametric distribution functions (see e.g. Bagnoli and

Bergstrom, 2005). To focus on the adverse selection effect, we set cL = 0.

In contrast with our initial framework, we assume here that the firm is

able to commit to its price at the investment stage.18 The timing of the game

is thus now as follows: in stage 1, the firm chooses λ and p, and in stage 2,

consumers learn λ and p, form beliefs about product quality according to λ,

and make their purchasing decision.

Under symmetric information, the firm solves maxp,λ π
f (p, λ) − I(λ)

where πf = λ[1 − F (p)](p − cH), and I(λ) is such that I ′ > 0, I ′′ > 0,

I ′(0) = 0 and limλ→1 I
′(λ) = ∞. Consider first the pricing decision. Note

that the profit-maximizing price is independent of the investment decision.

The first-order condition with respect to p is

[1− F (p)]− f(p) (p− cH) = 0⇔ p = cH + h(p). (5)

By the monotone hazard rate assumption, the right-hand side is nonincreas-

ing. Furthermore, the right-hand side evaluated at cH is strictly greater

18 Price commitment in our context means that product features and price are deter-

mined and advertised before actual quality is realized. Instead of price commitment, we

may equivalently assume that the firm makes a capacity commitment before actual quality

is realized and that consumers bid for the products. The adverse selection effect comes

into play very naturally in this context. Indeed, it is the expected marginal cost that is

relevant for the price (or capacity) decision. Hence, ignoring adverse selection, the profit-

maximizing price may be less than cH . In contrast, without price commitment, the firm

would optimally set its price above cH if λr > cH . Hence, only for finite r and sufficiently

steep investment costs would the adverse selection effect come into play.
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than cH . In addition, evaluated in the limit as p→ r, it is strictly less than

r because it turns to cH for pf → r if r is finite and it is bounded from above

by some finite number if r is infinite. Hence, pf is uniquely determined by

the solution to (5). The first-order condition with respect to λ is simply

found as [1− F (p)](p− cH) = I
′(λ). Since the left-hand side is constant in

λ and the right-hand side increasing with I ′(0) = 0 and limλ→1 I
′(λ) =∞,

there exists a unique solution λf to this problem:

λf = I ′
−1
(
[1− F (pf )](pf − cH)

)

= I ′
−1
(
f(pf )h(pf )2

)
, (6)

where the second line uses expression (5) and the fact that [1 − F (·)] =

f(·)h(·).

At stage 2, under asymmetric information, a consumer of type rH ob-

serves λ and p, and buys the product if λrH − p ≥ 0. Hence, all consumers

with rH ≥ p/λ buy, so that expected demand for the product is 1−F (p/λ).

Therefore, at stage 1, ignoring the firm’s participation constraint at stage 2,

the firm solves

max
p,λ
[1− F (p/λ)](p− λcH)− I(λ).

The first-order condition with respect to p is

[1− F (p/λ)]−
1

λ
f(p/λ)(p− λcH) = 0⇔ pa = λcH + λh(p

a/λ). (7)

Using the same arguments as for pf , we know that pa is uniquely determined

by the solution to (7). It is also easily seen that pa increases with λ. The

first-order condition with respect to λ is

p

λ2
f (p/λ) (p− λcH)− cH [1− F (p/λ)] = I ′ (λ)⇔

f (p/λ)

(
p

λ2
(p− λcH)− cHh (p/λ)

)
= I ′ (λ) .

Replacing p by its optimal value pa in the latter expression and using ex-

pression (7), we obtain19

λa = I ′
−1
(
f (pa/λa)h (pa/λa)2

)
. (8)

19 We have checked that the second-order conditions for a maximum in p and λ are

satisfied.
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As we have seen above, three conditions must be fulfilled for the adverse

selection effect to entail overinvestment in quality. First, the participation

constraint must be binding. This is so if pa < cH holds, which is equivalent

(as pa is an increasing function of λ) to λa being below some threshold λ̃.

The alternative strategy for the firm is then to invest I(λ̃) instead of I(λa),

and concomitantly, to set p = cH instead of p = pa. The expected profit is

then equal to [1−F (cH/λ̃)](1− λ̃)cH−I(λ̃) and the second condition is that

this profit be positive. Finally, if the two first conditions are met, we can

talk of overinvestment with respect to the full information case if λ̃ > λf .

We now take a specific example to illustrate that our overinvestment

result is preserved in this generalized setting. Suppose that F follows the

well-known exponential distribution F (r) = 1− e−r/µ with r ∈ [0,∞) which

has density f(r) = (1/µ) e−r/µ and a constant inverse hazard rate, h(r) = µ.

Setting this value into expressions (5) and (7), we find that pf = cH+µ and

pa = λ(cH+µ) = λp
f . So, ignoring the participation constraint, asymmetric

information simply entails a rescaling of the price with respect to the full

information case. Moreover, it is clear from expressions (6) and (8) that

pa/λ = pf implies that λa = λf . To find the exact value of this probability,

we take the same investment cost function as in our initial setting: I (λ) =

(k/2)λ2. (This function does not satisfy limλ→1 I
′(λ) = ∞ but works well

nevertheless.) Hence, I ′ (λ) = kλ and I ′
−1
(λ) = λ/k. As f(pf )h(pf )2 =

(1/µ) e−p
f/µ × µ2, we have

λa = λf =
1

k
µe−

1

µ
(cH+µ).

The participation constraint is binding if pa = λa(cH + µ) < cH , which

is equivalent to

λa <
cH

cH + µ
≡ λ̃.

Using the value of λa, we can rewrite the latter condition as

1

k
µe−

1

µ
(cH+µ) <

cH
cH + µ

⇔ k >
cH + µ

cH
µe−

1

µ
(cH+µ) ≡ k2.

The alternative for the firm is to choose λ = λ̃ and p = cH . The expected

25



profit is then computed as

πa − I

(
cH

cH + µ

)
= [1− F (cH + µ)](cH −

cH
cH + µ

cH)− I

(
cH

cH + µ

)

=
cH

cH + µ

[
µe−

1

µ
(cH+µ) −

k

2

cH
cH + µ

]
.

Hence, investing up to λ̃ is profitable as long as

πa − I
(
λ̃
)
≥ 0 ⇐⇒ k ≤ 2

cH + µ

cH
µe
− 1

µ
(cH+µ) = 2k2.

As λ̃ > λa = λf , we conclude that for k2 < k ≤ 2k2, the firm overinvests

relative to the full information case to avoid adverse selection.

As in Subsection 4.2, the firm’s overinvestment may improve welfare with

respect to the full information case. In our example, the indifferent consumer

has the same identity under full and under asymmetric information: pf =

pa/λa = cH + µ. The expected total net surplus is thus given by the same

expression in the two cases: S (λ) = λK − (k/2)λ2, where (setting r̄ =∞)

K =

∫ ∞

cH+µ
(r − cH)

1
µe
−
r
µdr = 2µe−

1

µ
(cH+µ).

The function S (λ) increases up to λ = K/k and decreases afterward. Hence,

as λ̃ > λf , a sufficient condition for S(λ̃) > S
(
λf
)

is λ̃ < K/k, which is

equivalent to

k <
cH + µ

cH

[
2µe−

1

µ
(cH+µ)

]
= 2k2.

Hence, for k2 < k ≤ 2k2 asymmetric information entails a welfare-improving

increase in investment relative to the full information case.

5 Conclusion

We have provided a simple model that shows that asymmetric information

about product quality may increase the incentives to provide higher quality

due to what we have coined the adverse selection and the efficiency effect.

Our result obtains in situations where firms have the possibility to make a

risky and observable investment to increase the average quality (reliability)

of their products. An example of such investments could be the effort to

obtain the ISO 9000 certification for the firm’s quality management system.
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Although consumers do not observe the realization of quality, they observe

how much the firm has invested and, thereby, infer useful information about

the expected quality on the market. Knowing this, a firm producing high

quality may overinvest in the quality or reliability of its product to convince

consumers that high quality is indeed very likely to be put on the market;

this avoids the lemons problem. Also, if selling low quality has a negative

social value, the firm may want to reduce the probability of low quality

realization compared to the full-information world, because under full infor-

mation low quality would not be put on the market, whereas in an adverse

selection environment low quality is always offered.

We have thus identified two simple reasons for overinvestment in quality

under asymmetric information. We analyzed in detail a particularly simple

model that provides explicit solutions; however, the logic of our argument

applies more generally. As we have shown in the extension section, our

arguments remain valid (i) if we introduce a moral hazard problem after

the investment stage and introduce quality-dependent outside options, (ii)

if consumers have some bargaining power so that the firm cannot extract the

full surplus, and (iii) if consumers have heterogeneous valuations for high-

quality products so that the resulting demand curve is downward sloping.

Our overinvestment result is relative to the full information case. As we have

illustrated in extensions (ii) and (iii), if the investment under full information

is less than the welfare optimum, public policy that removes the asymmetric

information problem may be welfare-decreasing.

An interesting extension is to embed our model into a setting with differ-

ent firm types so that the issue of signaling arises. One such setting would

be to allow for a share of informed consumers (who directly observe prod-

uct quality, e.g., by reading consumer reports) and a share of consumers

who only observe the investment level. Suppose there are two types of

firms, which differ by their technology to convert investments in success

probability. Focussing on separating equilibria, we expect that for a set of

parameters, equilibria exist in which a firm of the less efficient type does

not invest (because of adverse selection) whereas more efficient firms over-

invest. In this case, our adverse selection effect comes again into play: the

firm has to invest a sufficient amount in order to convince consumers that
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high-quality firms stay in the market. Due to the presence of informed con-

sumers, a firm with a less efficient technology does not have an incentive

to mimic the firm with a more efficient technology. Hence, the investment

level contains additional information because of its signaling role: consumers

correctly learn the type of the firm through the investment level. Signaling

here is costless in the sense that the firm chooses the same investment level

independent of whether consumers observe the firm’s type. This suggests

that our arguments are also relevant in signaling environments.

Another interesting extension concerns information disclosure. In our

model, the firm fully discloses its information at the investment stage so

that consumers learn expected quality. Our investment cost function in-

cludes any advertising costs that are needed for full disclosure (at the in-

vestment stage) because otherwise, the investment is of no value to the firm

in our benchmark model. Our overinvestment results therefore critically

rely on the firm’s ability to use directly informative advertising to truthfully

communicate information to consumers. This suggests that laws against de-

ceptive advertising can stimulate investment incentives. However, firms may

not be able to communicate realized quality to consumers. In the language

of the economics literature on advertising, consumers learn their expected

match value but remain uncertain until after purchase about their realized

match value.20 Future work may want to take a closer look at the interaction

of investment and advertising decision under asymmetric information.

20 On advertising as information about match value, see Meurer and Stahl (1994) and

Anderson and Renault (2006).
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