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Abstract. This paper describes the incentives for firms to seek voluntary product safety
certifications. We consider a firm that makes the decision of whether or not to seek certifi-
cation prior to selling the product. We show that even when the firm and the consumers
have the same beliefs about the product’s safety, there are incentives for the firm to seek
safety certification. The main analysis investigates the role of consumer moral hazard and
shows that it can lead to greater incentives for voluntary certification when inherent prod-
uct safety and effort are substitutes, but smaller incentives when they are complements.
The analysis of consumer moral hazard provides a nuanced perspective on the so-called
risk compensation or the “Peltzman effect” phenomenon, which postulates higher levels
of accidents for safer products. In our paper, products that are successfully certified can
end up with a higher incidence of accidents. We also uncover an interesting nonmonotonic
relationship between effectiveness of consumers’ effort and the firm’s incentives to seek
certification. Finally, we find that certification can be welfare enhancing in the presence of

consumer moral hazard.
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1. Introduction

Product safety is a characteristic of the product that
determines the likelihood of accidents and potential
consumer injury. Safety-related product failures are
common. According to Consumer Product Safety Com-
mission (CPSC) estimates based on its National Elec-
tronic Injury Surveillance System, about 38.6 million
people sought medical attention for injuries related to
consumer products between October 2010 and Septem-
ber 2011. These safety failures can impose significant
costs on consumers in the form of trauma, disability,
lost earnings, and death. The National Safety Coun-
cil (2013) estimates the economic losses from uninten-
tional safety-related injuries, both fatal and nonfatal, to
have been about $753 billion in 2011.

Given the prevalence of product safety failures, it is
natural that consumers care about product safety lev-
els.! However, consumers often do not have full infor-
mation about the safety levels of the products they use.
In fact, because safety may depend in a complex man-
ner on the integration of product design, manufactur-
ing, and the environment in which the product is used,
it is common for even firms to be uncertain about the
extent to which their products are prone to accidents.
This would be especially true for new products that
have not been in the market for long. Safety certification
through independent third-party certifiers such as the
American National Standards Institute, ASTM Inter-
national, and Underwriters Laboratories (UL) is an
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important mechanism through which firms can learn
about and then communicate the safety of their prod-
ucts to consumers.

Product safety as a characteristic is distinct from
product quality in several important ways that are cap-
tured in this paper. First, safety failures imply accident
and injury to the consumer, which are treated differ-
ently by the courts as compared to quality failures that
do not involve consumer injury. While the latter is sub-
ject to the law of warranty contracts, the former is sub-
ject to the law of torts. A firm is only liable for product
quality failures if it chooses to offer warranties, and
then too the liability is limited to the extent of the war-
ranty. In contrast, for consumer injury from safety fail-
ures, a firm is liable for what is referred to as “strict
liability,” as governed by tort law, which makes safety
distinct from product quality. Second, strict liability
is imposed on the firm by the court even if the firm
had met the minimum safety standards as stipulated
by the law. The consumer only needs to prove in the
court that an injury was caused during product usage.
Third, even under strict liability, the practical reality
is that the consumer is often only partially compen-
sated.” Fourth, U.S. consumer product firms are stipu-
lated by law to disclose all known product safety issues
and mandatory testing information to consumers. This
implies that even when safety is uncertain, consumers
and firms are still likely to have symmetric beliefs
about the level of product safety. This is especially true
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for products that are relatively new and early on in
the product life cycle, when the firm does not have
the opportunity to accumulate additional safety infor-
mation available from selling the product over time.
In contrast, when there is quality uncertainty, it is more
likely that firms have better information about product
quality prior to consumer purchase.

Our analysis aims to explain the rationale for the
safety certification strategies of firms and captures
some important market features. First, there is hetero-
geneity in firm strategies within an industry and across
markets: while some firms voluntarily go through a
costly and complex safety certification process, others
eschew this process. Even within an industry, certi-
fication strategies can differ. For example, in the toy
industry, while Fisher-Price does not use third-party
safety certification, Disney does. Second, while safety-
certified firms can inform consumers about successful
certification through a seal or sticker from the certifica-
tion agency, consumers typically do not know whether
the absence of a certification sticker is due to a failed
certification attempt or the firm’s decision to not seek
certification in the first place. This is because most cer-
tification agencies do not report a denied certification.
Third, the likelihood of a product safety failure may
depend not only on its inherent product safety char-
acteristics, but also on the extent to which the con-
sumer exercises care or is negligent while using the
product—in other words the extent of consumer moral
hazard. For example, consumer moral hazard is impor-
tant in the automobile industry because the likelihood
of an accident depends significantly upon the extent to
which the consumer drives safely. The paper examines
the manner in which consumer moral hazard affects
certification incentives.

In the model, a firm sells a product that is subject to
accident with some probability in the hands of the con-
sumer, leading to injury. There is uncertainty about the
safety level, and the firm may either be of high or low
safety, which implies high or low probability of acci-
dent. In the case of an accident, the consumer needs
to be compensated by the firm under the strict liability
requirement imposed by the court for losses suffered
in the accident. As discussed above, the compensation
may be partial. The firm first chooses whether or not
to seek costly certification from a third-party certifi-
cation agency. The certification process, while infor-
mative of the safety level, is nevertheless imperfect
in that it provides better than prior but not perfect
information about the firm’s safety level. If the firm
decides to go for certification and is successful, it gets
to use a certification seal that is observable to con-
sumers. Conditional on the outcome of the certifica-
tion process, the firm chooses the price, and consumers
then make inferences about the safety level of product
and their purchase decision. Postpurchase, consumers

also decide the extent of care that they want to invest
in product usage. Given this framework, we analyze
the firm’s incentives to voluntarily seek product safety
certification.

The first result from the analysis is that the firm
can have the incentive to voluntarily seek safety certi-
fication even when it has no better information about
safety than consumers. This incentive turns on the
fact that if consumers do not observe the firm’s deci-
sion to seek certification, the absence of a safety seal
implies that the consumer will be unable to distinguish
between a firm that chose not to seek certification and
one that did but was denied certification by the third
party.

The important results of the paper pertain to how
the nature of consumer moral hazard affects certifi-
cation incentives: Consumer moral hazard leads to
greater certification incentives if product safety and
consumers’ effort are substitutes in the sense that
increased consumer effort has a lower marginal effect
in reducing accidents for a higher-safety product.
In contrast, it leads to lower certification incentives if
they are complements (i.e., increased consumer effort
reduces accidents to a greater extent for higher-safety
products). In the substitutes case, the presence of the
certification seal on the product makes consumers less
concerned about using the product negligently. In con-
trast, if safety and effort are complements, it is the
absence of the safety certification seal that makes con-
sumers less concerned about using the product negli-
gently. Next, we identify an interesting nonmonotonic
effect of the effectiveness of the consumers’ effort on
the firm’s certification incentives. For the substitutes
case, the incentive for voluntary safety certification first
increases and then decreases with the effectiveness of
consumer effort, whereas it is the opposite for the com-
plements case. The nonmonotonicity originates from
how the change in the optimal level of consumer effort
in using the product with care is affected by the firm’s
decision to adopt certification as the effectiveness of
effort increases.

Our analysis of consumer moral hazard also pro-
vides a perspective on what has been termed in the
literature as the risk compensation effect or the “Peltz-
man effect”—which is the idea that consumers may
respond to the perceived level of safety and may
become less careful if they perceived that a prod-
uct/activity was made safer, which in turn can lead to
greater incidence of accidents when products became
safer. While the effect is theoretically sensible, there has
been a debate about whether it is empirically signifi-
cant (see Levitt and Porter 2001). Our analysis provides
a more nuanced perspective that is predicated on the
certification decisions of firms: Firm certification strate-
gies can rationally make consumers behave as if they
were indulging in the risk compensation/Peltzman
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effect-like behavior. Consumers may switch from being
careful to being negligent in product use when a firm
with successful certification induces favorable beliefs
about product safety. This is indeed true for the substi-
tutes case; but interestingly, when effort and safety are
complements, consumers’ response to a more favorable
safety belief induced by a successful certification is the
opposite of the Peltzman effect—i.e., they become more
willing to use the product with care.

Finally, we investigate welfare implications of the
voluntary safety certification and find that certifica-
tion can be welfare enhancing in the presence of con-
sumer moral hazard. This result holds regardless of
whether safety and effort are substitutes or comple-
ments. The change in the consumers’ optimal effort
choices in response to certification-generated informa-
tion about safety drives the increase in welfare. If cer-
tification has no effect on consumers’ optimal effort
choices or if there is no consumer moral hazard, certi-
fication leads to lower welfare.

1.1. Related Research

The focus of much of the earlier work on product safety
was on the assignment of producer liability. In an ini-
tial analysis, Oi (1973) showed that, contrary to conven-
tional wisdom, shifting the liability for accidents from
consumers to the firm can lead to increased production
of riskier products, because firms are now forced to
offer a bundle of the riskier product and a full-coverage
insurance policy. Spence (1977) compares the role of
producer liability with direct regulation and consumer
information provision in promoting safety investments
when consumers underestimate the probability of acci-
dents.’ Png (1987) shows that award of damages for
loss, tighter negligence standards, and the adoption of
a rule under which the loser at trial pays litigation costs
of the winner increase the firm'’s incentive to produce
safer products.

The question of whether out-of-court settlement or
trial is more effective in promoting safety has also
received attention. This question can be seen as the
decision to choose ex post (after the accident) open-
ness or confidentiality. Polinsky and Rubinfeld (1988)
compare out-of-court settlements to trials and show
that when the deterrence effect of trials is taken into
account, they may be superior from a policy perspec-
tive despite their higher transaction cost. In this vein,
Daughety and Reinganum (2005) compare trial vs. set-
tlement but from the firm’s perspective. They show
that a firm’s commitment to openness instead of con-
fidentially settling out of court can be more profitable
when the cost of credible auditing to verify openness
is sufficiently low. As opposed to this literature, the
voluntary-certification decision in our paper can be
seen as an ex ante (before the accident) rather than the
ex post choice of openness and can therefore affect con-
sumer beliefs about product safety prior to purchase.

Our analysis is related to the product warranties lit-
erature under consumer moral hazard and/or asym-
metric information. In this context, Cooper and Ross
(1985) investigate role of product warranties in the
presence of double moral hazard when both firm
and consumer effort affect product quality failures,
whereas Lutz (1989) analyzes the role of warranties
to signal product quality in the presence of consumer
moral hazard. Padmanabhan and Rao (1993) examine
the effect of consumer moral hazard and heterogeneity
in individual risk preferences on the optimal warranty
policy, but warranty contracts are less relevant in the
context of product safety, because unlike quality fail-
ures, any failure in product safety is governed by the
strict liability rule according to the law of torts. Fur-
ther, with consumer moral hazard, the assignment of
responsibility in the event of a safety failure depends
in the United States on the principle of comparative
negligence. Our model formally incorporates these two
aspects that characterize product safety-related failures
and how they interact with consumer moral hazard.
Further, though the consumer effort clearly affects the
probability of an accident, there is no paper that we
are aware of that considers consumer moral hazard in
product safety and the associated role of certification.

This paper is also related to the literature on qual-
ity disclosure that originates in Grossman (1981) and
Milgrom (1981) and the classic unraveling result that
all quality levels are separated and revealed in equilib-
rium because the highest types in any potential pool-
ing set will have the incentive to reveal their type
through disclosure. In marketing, Guo and Zhao (2009)
study the effect of competition on the sellers’ incen-
tive to disclose quality information. In a policy context,
Zhang (2014) examines the implications of policymak-
ers’ decision to mandate product content disclosure
considering the effect of both transparency of product
content and consumer inference of the content quality.*

The rest of this paper is organized as follows. Sec-
tion 2 presents the baseline model. Section 3 introduces
consumer moral hazard and presents its implications
for the firm’s incentives to seek safety certification.
Section 4 presents extensions of the baseline model.
Section 5 concludes.

2. The Basic Model

Consider a monopolist firm that produces a product
that has a safety attribute and whose marginal cost of
production is constant and set to zero. Product safety is
captured by 0,, where t € {I, h} represents the type of
the firm and whether its product has low or high safety
levels. Assume that 1> 6, > 0, > 0. Product safety 0, is
the probability with which the product works without
an accident when used by the consumers. Accidents
happen with probability 1 — 0, when a consumer uses
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a product of type t; thus, a high-safety product has a
lower accident probability.

At the start of the game, nature moves and draws the
firm type from a Bernoulli distribution and assigns it to
the firm. The firm has product safety level 9, with prior
probability a, and it is 0, with the complementary
probability. The prior probability distribution is com-
mon knowledge. The realized value of 0, is not known
to either the firm or the consumers. When both the
consumers and the firm do not know 6,, they have the
symmetric beliefs about product safety. This is the case
for many consumer product categories in the United
States because firms are stipulated by law to disclose all
known safety-related issues to the consumers. Specif-
ically, the Consumer Product Safety Improvement Act
(CPSIA) of 2008 requires that all consumer product
companies must report potentially unsafe, hazardous,
or noncompliant products to the CPSC or face civil
penalties. Further, note that all products must meet
minimum mandatory safety standards and this infor-
mation is public. However, products can and do have
differing safety performance over and above what is
dictated by minimum mandatory standards. Thus, the
role of voluntary third-party certification is to poten-
tially produce additional safety information that can
help the market distinguish between high- and low-
safety products. The firm can choose whether or not to
subject itself to a voluntary safety certification and can
choose to sell the product to consumers either with or
without safety certification.

The certification decision of the firm is denoted by
c € {C,NC}, where C represents “certification” and NC
represents “no certification.” Third-party certification
is costly, and the cost is denoted by k > 0. The certi-
fication process is informative of the product’s safety,
but it is imperfect. A firm of a given type is correctly
classified as its own type with probability p > 0.5 and
incorrectly classified as the other type with probabil-
ity 1 - p.° The outcome of certification that is either a
“seal” if the firm is found to be of type 0, or “no seal”
if the firm is found to be of type 6, is represented by
0€{S,NS}. A firm obviously informs consumers about
certification only if the outcome is positive. Therefore,
in the absence of a safety-certified seal on the prod-
uct, the consumers must rationally form beliefs about
the certification decision of the firm. After the outcome
of the certification stage, the firm sets the price p for
the product, and consumers make their purchase deci-
sions. The rationale for the firm to make a certification
decision before setting prices is that while certification
is a lengthy process and is not easily changeable, prices
can be easily changed in the short run once the certifi-
cation outcome is known to the firm.

The market consists of a unit mass of consumers and
each consumer buys at most one unit of the product.
The product has basic valuation v that is assumed to

be large enough such that the firm sells the product
even if it is denied certification. This assumption rules
out a trivial demand based reason for product certi-
fication and makes us focus on the more interesting
incentive based rationale for the choice of certification:
If v is such that the consumer buys a product only if it
has a safety seal, then the firm would clearly seek cer-
tification for small enough costs. By assuming v to be
sufficiently large, we eliminate this obvious incentive
for the firm to seek certification. Also, if v is such that
the firm does not sell the product when it is denied
certification (and consumers believe so) but sells the
product otherwise, an incentive for certification is still
created. This is because certification creates the option
of not selling the product for the firm when beliefs
about firm type are unfavorable. In the main analysis,
by assuming v to be sufficiently large we eliminate this
other reason for certification as well; but in Section 4.3
we present the analysis of the case in which the firm
chooses not to sell when it is denied certification.

Consumers observe the outcome of certification (if it
is positive) and the price before making the purchase
decision. They also form beliefs A(o,p) about the cer-
tification decision of the firm. The consumer makes
her purchase decision s € {0,1} based on her belief
u(A, 0, p) about the firm’s type, the price charged, and
the consumer’s expectation of the uncompensated loss
in the event of an accident. We represent by L the full
loss to the consumer upon an accident and by L the
transfer that the firm is stipulated by the court of law
to make to the consumer in case of an accident. As
already noted, even if the court requires the firm to
fully compensate the physical losses, there may still
remain uncompensated losses for the consumer; to cap-
ture this, we allow L § < L. Thus, the uncompensated
losses of the consumeris L, =L —L;.

We look for the perfect Bayesian equilibrium (PBE)
of this game. The equilibrium consists of the beliefs
Alo,p) and p(A,o,p) of the consumer, the consumer
purchase decision s(A, u, p), the certification decision
of the firm ¢, and the price set by the firm p(c, 0) such
that (i) the purchase decision of the consumer max-
imizes her expected payoff, given her beliefs; (ii) the
certification decision and the price maximize the firm’s
expected payoff, given consumer’s purchase decision;
and (iii) the consumer beliefs are consistent with the
firm’s strategy in the equilibrium. A summary of the
timing of the model is shown in Figure 1.

2.1. Analysis and Results

Product safety 0, is uncertain for both the firm and con-
sumers and so both the firm as well as consumers have
same ex ante beliefs about product safety. If the firm
seeks certification it gets certified as type 0, with prob-
ability ap + (1 - a)(1 — p). However, with probability
a(l-p)+(1-a)p it will be classified to be of type 0,.



lyer and Singh: Voluntary Product Safety Certification
Management Science, 2018, vol. 64, no. 2, pp. 695-714, ©2017 INFORMS

699

Figure 1. Timing

Nature draws a type
and assigns it to

the firm outcome

Firm sets price after
observing certification

Accidents may happen and
the firm makes a transfer to
the consumer

Firm makes
certification decision

The consumer observes the outcome of certification
(if certification is granted) but not the certification deci-
sion of the firm. Consumers will therefore have to
form beliefs about the certification decision of the firm
and the firm type in deciding whether to purchase
the product, and these beliefs will be derived using
Bayes’s rule wherever possible. The following proposi-
tion describes equilibrium certification strategies.

Proposition 1. When both the firm and the consumers do
not observe the safety level:

L If k < (a(l - a)2p — 1)(6, - O)L)/(a(1 - p) +
(1 - a)p), the firm seeks voluntary certification in equilib-
rium.

2. Ifk>a(l-a)2p—-1)(6, - 06,)L,, the firm does not
seek voluntary certification in equilibrium.

The conditions above are also graphically presented
in Figure 2. Even if both the firm and consumers have
identical beliefs about the safety of the product, a firm
may still seek certification in equilibrium. The ratio-
nale for this is predicated on the inability of consumers
to observe the certification decision of the firm and
to detect any deviation in the certification decision.
This means that if a firm makes an out-of-equilibrium
deviation to no-certification consumers would not be

Figure 2. (Color online) Equilibria in k-a Space
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Consumer forms beliefs and
makes purchase decision

able to distinguish it from the event that the firm was
denied certification. While such a deviation helps the
firm to save the certification cost k, it must also now
set a lower price that is consistent with the consumers’
belief that the firm could also have been denied cer-
tification. This provides the incentive for the firm to
seek certification, unless the cost savings from devia-
tion exceeds the loss due to the low price the firm must
set upon deviation.

It is intuitive that the certification equilibrium will
exist when k is small enough, and no certification for
sufficiently large costs. In the intermediate range of k,
both the certification and the no certification equilib-
ria exist.® This happens because consumers believe the
firm to be high safety with higher probability upon not
observing safety seal in the no-certification equilibrium
compared to in the certification equilibrium.” The more
interesting point is that the firm has smaller incentive
to seek certification if the prior belief about the firm
having a high-safety product is either too high or too
low. If prior beliefs are more extreme, the certification
outcome has a lesser effect on ex post beliefs, which
means that the price that firm would set does not differ
too much between a positive and a negative certifica-
tion outcome. Seeking certification therefore becomes
less attractive. This result may potentially explain the
differences between the certification strategies of firms
in the toy industry described in the Introduction.

3. Consumer Moral Hazard and Safety
In a number of product markets, the likelihood of
an accident and injury depends not only on product
safety, but also on the extent to which the consumer is
careful while using the product. A car rated highly on
safety may still end up being more accident prone if
driven less carefully by the consumer. We now intro-
duce consumer moral hazard to the basic model and
study its effects on the firm’s incentives to seek safety
certification. The consumer can either be negligent in
using the product, and not incur any cost, or use the
product with care by incurring a cost x > 0. Negligent
use of the product is represented by low consumer
effort ¢;, while the careful use of the product is denoted
by higher consumer effort e, > ¢,.*

The probability of an accident depends on the effort
choice of the consumer and the inherent product safety.
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If the consumer uses a product of safety 6, with care
and invests the effort ¢,, then accidents happen with
probability 1 — 6,. But a negligent use by the consumer
increases the likelihood of an accident beyond 1 - 6,.
As in a standard moral hazard setup, the firm cannot
observe whether or not the consumer put out effort,
and so the effort is not contractible. However, in the
event of an accident, a court can determine whether or
not the consumer was negligent. Consumer effort and
product safety could interact in different ways to deter-
mine the probability of the accident. In what follows,
we examine firm'’s incentive for certification under two
canonical setups: one in which product safety and con-
sumer effort are substitutes and the other in which they
are complements.’

3.1. The Substitutes Case

Suppose that consumer effort and product safety are
substitutes in deciding the probability with which the
product works without an accident. By substitutabil-
ity we mean that the marginal effect of high consumer
effort e, in reducing accident probability is lower for
a high-safety product. Suppose that the probability of
accident when the consumer is negligent is (1 - 6,) -
(1 + ¢€), whereas it is (1 — 0,) if the consumer uses
the product with care and puts out the effort ¢,. The
parameter ¢, (0 < € <1), can be interpreted as the effec-
tiveness of the consumer’s effort. A small ¢ means
that consumer effort does not significantly change the
probability of accident. The formulation represents the
idea that the marginal effect of high consumer effort in
reducing the accident probability is lower for a high-
safety firm. To make the ideas more concrete, con-
sider the SUV market where the SUV Volvo XC60 was
among the top safety picks for 2014 and has a supe-
rior rating from the Insurance Institute for Highway
Safety and Consumer Reports, while the Honda Pilot
has a lower rating. Substitution between product safety
and consumer effort implies that increased consumer
care would have a lower effect on reducing the acci-
dent probability for the Volvo XC60 as compared to the
Honda Pilot. Such a relationship is relevant for cate-
gories such as automobiles or appliances.

We require that 0, > 3, which ensures that the prob-
ability of accident is bounded below one. If the con-
sumer uses the product with care and an accident
occurs, the court will require the firm to make a trans-
fer L, to the consumer using the strict liability rule.
The assignment of liability when the consumer is neg-
ligent has been a topic of debate in the law of torts
(see Glannon 2010). We adopt and model the most
commonly used liability assignment rule in the United
States called the “law of comparative negligence.”"
When using the law of comparative negligence, the
firm’s liability for the accident is proportionally
reduced by the court to reflect the negligence on the

part of the consumer in causing the accident." Recall
that the probability of accident when consumers use
the product with care is 1 — 6, and increases to (1-6,) -
(1 + &) when consumers use the product negligently.
The court attributes the increase in the probability of
accident to the consumer. Therefore, the court deter-
mines the liability of the firm for an accident when the
consumer uses the product negligently using the law
of comparative negligence at (1/(1+ ¢))L;.

The timing of the game is the same as before except
that now the consumer decides between using the
product negligently or with care after product pur-
chase. Suppose the consumers were to believe that the
firm did not seek certification and set a price pyc. If
a consumer buys the product, she will have to decide
whether or not to put out the effort ¢, and use the prod-
uct with care. The expected utility of the consumer
from expending the effort is

U,=v-pnc—l[a(l-6,)+ (1 -a)(1-6)](L-Lj)-x.

And the expected utility of the consumer from negli-
gent use is given by

Uy =v—-pyc—[a(l-0,)(1+e¢)
+(1—a)(1—6,)(1+e)](L— Ly )

1+¢

In a PBE, consumer beliefs should end up being con-
sistent. The consumer, given the belief that the firm did
not seek certification, puts out effort e, if ¢ > & and is
negligent if € < & where & is defined as

. K
T Ia(l-6)+1-a)1-6)]

In like manner, suppose consumers believed that the
firm chose to seek certification: If it gets successfully
classified as type 0, (i.e., gets the seal), the consumer
chooses ¢, if ¢ > &5 and ¢, if ¢ < &;; whereas if the
firm was unsuccessful and gets classified as type 6,
(i.e., does not get the seal), the consumer chooses e, if
e > &ys and e, if € < &ys. By comparing the consumer’s
utilities upon choosing effort e;, and ¢, in each case, we
get the expressions for &g and &y as

= klap+(1-a)(1-p)]
* 7 Llap(1-6,)+(1-a)(1-p)1-6)]

o kla(l-p)+(1-a)p]
YT Lla(1-p)(1-6,)+(1-a)p(1-06)]

We can see that ap/(ap+(1-a)(1-p))>a>a(l-p)/
(a(1-p)+(1—-a)p), and so the consumers’ beliefs are
the highest when the firm seeks certification and the
product is safety certified, and the lowest when it is
denied certification. As a consequence, we get the fol-
lowing important relationship:

Eyg < E<Eg. (1)
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This inequality helps us to understand how the effort
choice of the consumer changes with the effectiveness
of her effort. If the effort is not very effective in reducing
the likelihood of accident (e < &), the firm’s certifica-
tion decision or the outcome of certification will obvi-
ously have no effect on the level of care exercised by
the consumers. Consumers will use the product neg-
ligently regardless of firm certification. At the other
extreme, if the consumers’ effort plays a big role in
making accidents less likely (¢ > &), they will find it
optimal to put out effort and use the product with care
regardless of the firm’s certification decision or the out-
come of certification. Thus, it is only in the interme-
diate range of effectiveness of consumers’ effort that
consumers’ equilibrium choice of effort is related to
their beliefs about the firm'’s certification decision and
the outcome of certification. The following proposition
describes this relationship and an important insight of
this section.

Proposition 2. For range &yg < ¢ < &g, and in the case
where product safety and consumer effort are substitutes:

1. When consumers observe a positive certification seal,
they will exert low effort and use the product negligently.

2. When consumers do not observe a certification seal,

(a) they will always exert high effort if their equilib-
rium belief is that the firm had decided to seek certification
but was denied positive certification;

(b) they will exert low effort when &ygs < & < &, but
switch to exerting high effort when & < & < &g, if their
equilibrium belief is that the firm had decided to not seek
certification.

The results are summarized in Table 1. Suppose that
the firm decided to seek certification and was success-
ful in receiving a positive certification. Consumers in
this case can observe the certification seal and con-
dition their actions accordingly. The first part of the
proposition shows that consumers respond to a posi-
tive certification outcome by choosing not to exert effort
for the entire range of effort effectiveness. This leads
to the interesting point that the substitutability of the
product’s inherent safety and consumer effort leads
consumers to be negligent when they know that the
product has been granted positive certification.

When no certification seal is observed, then the equi-
librium beliefs of consumers about the firm’s certifica-
tion decision matter for whether they will exert care

Table 1. Consumer’s Effort Corresponding to Different
Firm Strategies

o, . Consumer’s effort choice
Firm’s certification

strategy /Outcome Ens<eE<E E<e<éE
Seek/Denied e, e,
Not seek e e,
Seek /Granted e e

or be negligent in product usage. Consider the case
where consumers believe that the firm chose to seek
certification but was unsuccessful. In this case, con-
sumer beliefs about the firm being the one with high
safety (6;,) are the most pessimistic. Consequently, con-
ditional on purchase, they respond by choosing to put
out costly effort in using the product with care.

In contrast, suppose that the consumers’ equilibrium
belief was that the firm had decided not to seek cer-
tification at all. Now, the effectiveness of the effort in
reducing the accident probability matters for the con-
sumers’ effort choices. When the effectiveness is small
and &y < ¢ £ &, consumers use the product negli-
gently. But as the effectiveness increases and & < ¢ <
&;, consumers are motivated to put out effort. Why
might this be the case? When the firm is believed to
have eschewed certification, consumer beliefs about
the firm being a high-safety type are not too pes-
simistic. So when the marginal productivity of her
effort is small, the consumer strategically decides not
to exert the costly effort that might not matter as much.
It is only when the effectiveness of the effort is sub-
stantially large that the consumer finds it worthwhile
to incur the effort cost of increasing safety. Thus, the
belief about the firm’s decision to refrain from certifica-
tion can have differing effects on equilibrium consumer
behavior depending on the nature of consumer moral
hazard: When consumer effort is less effective, no cer-
tification induces consumers to be negligent; but when
the effort is sufficiently effective, no certification actu-
ally encourages consumers to be careful.

Table 1 provides an alternative way to understand
the manner in which consumer moral hazard interacts
with the certification strategies. As we go down the
columns of the table, consumer beliefs about the firm
being of high safety becomes progressively optimistic.
Consumers respond to this and change their optimal
effort choice from using the product with care to using
the product negligently as their beliefs about product
safety become more positive. This finding is reminis-
cent of the Peltzman effect (Peltzman 1975), which is
the idea that individuals would adjust their behavior
in response to the perceived level of risk and become
less careful if they perceived that an product/activity
was safer and, conversely, more careful if the product
was perceived to be more risky. This idea has been also
called the “risk compensation” phenomenon. Peltz-
man’s point was that safety interventions such as seat
belts would end up having less effect on overall level
of accidents because drivers would adjust and indulge
in more risky driving behavior. This logic has been
debated, and existing research has argued that while
the effect is sensible in theory, it is not empirically sig-
nificant (see Levitt and Porter 2001, Levitt 2006). Our
analysis provides a perspective on this debate, which is
predicated on the certification decisions of firms: Firm
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certification strategies can rationally make consumers
behave as if they were indulging in the Peltzman effect-
like behavior. In other words, consumers might switch
from being careful in the use of the product to being
negligent if their beliefs about the inherent product
safety becomes more optimistic because of the firm’s
certification strategy and outcomes. When a firm goes
for certification and is successful in getting a seal,
it assures consumers that accident probabilities will
likely be small even when they do not put out effort.

We next examine how the firm’s certification deci-
sion affects the overall likelihood of accidents. As
expected if &yg < ¢ < &, certification induces a lower
likelihood of accident. This happens because certifi-
cation creates the possibility that consumers use the
product with care. It is, however, interesting to note
that if € < € < &;, certification can actually make acci-
dents more likely. Once again, consumers’ choice of
effort in response to their ex post beliefs about firm
type drives this result. Consumers in this range of effort
effectiveness use the product with care if the firm does
not seek certification or is denied certification. How-
ever, if the firm is granted certification, consumers opti-
mally choose not to put out effort and use the product
negligently. Thus, seeking certification creates the pos-
sibility of negligent product use and makes accidents
more likely as a result.

We now analyze the certification equilibrium with
consumer moral hazard. The equilibrium conditions
and the proof are presented in the appendix. The con-
ditions under which the certification equilibrium exists
are graphically presented in Figure 3. An examination
of the equilibrium conditions and their comparison
with those for the case without consumer moral haz-
ard (presented in Proposition 1) reveal the following
results:

Proposition 3. If safety and effort are substitutes, the firm’s
incentive to seek voluntary safety certification

1. is higher compared to the case where there is no con-
sumer moral hazard;

2. changes nonmonotonically with the effectiveness of the
consumers’ effort €; the incentive increases with ¢ if € is
small (¢ < Eys), decreases with € if it is in the intermediate
range (&yg < € < &), and remains constant if ¢ is large
enough (& > &;).

Consumer moral hazard increases the firm’s incen-
tives to seek safety certification. The intuition runs as
follows: As in the case without consumer moral haz-
ard, the inability of the consumer, in absence of a safety
seal on the product, to distinguish between whether
the firm was denied certification or one that did not
seek certification in the first place creates incentives for
product safety certification; but consumer moral haz-
ard creates additional incentives if product safety and
consumer effort are substitutes in reducing accident

Figure 3. (Color online) Firm'’s Incentives to Seek Product
Safety Certification with Effectiveness of Consumers’ Effort
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probabilities. Since safety and effort are substitutes, the
effect of using the product negligently on the accident
probability is largest if the firm is denied certification.
Certification is seen as beneficial by consumers because
they do not expect a large increase in the probability
of accident if they use a safety-certified product neg-
ligently. As a result, the presence of consumer moral
hazard makes certification more attractive for the firm
if product safety and effort are substitutes.

Consistent with the above, voluntary certification
is commonly observed in product categories where
safety and effort are likely to be substitutes. For exam-
ple, the American National Standards Institute has
established voluntary safety standards for product cat-
egories such as home appliances, lawn mowers, etc.,
while UL (www.UL.com) is popular as a certification
agency among manufacturers of electrical appliances,
furniture, toys, and other consumer products. In fact,
in the automobile industry, firms even subject them-
selves to voluntary public tests. As an example, the
2011 Volvo S60 came equipped with an automatic brak-
ing system that activated brakes if the driver failed to
react in time to an object in front of the car. The auto-
matic braking system and driver vigilance can be seen
as substitutes in reducing the accident probability, and
this is consistent with Volvo’s motivation to voluntarily
conduct public safety tests.

An interesting point that emerges from the analysis
is a nonmonotonic effect of the effectiveness ¢ of the
consumer’s effort on the firm’s incentives to seek safety
certification. The firm’s incentive to seek certification
first increases, then decreases, and finally stays con-
stant as ¢ increases. This result is driven by the changes
in the consumers’ optimal effort with increase in «.
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If effort is not very effective in reducing the accident
probability (¢ < ), consumers use the product negli-
gently even when using a noncertified product. If effort
becomes more effective consumers experience a larger
reduction in the probability of accident when using the
product with care compared to when using it negli-
gently. Since safety and effort are substitutes, the effect
of increase in ¢ on the probability of accident is larger
when the firm is believed to be of lower safety; that
is, when the firm is denied certification. Consumers
expect a relatively smaller increase in the probability
of accident when using a safety-certified product neg-
ligently compared to when using a noncertified prod-
uct negligently. Consumers’ willingness to pay for the
product, and therefore the price set by the firm, drops
with increase in ¢, but it drops more for the noncer-
tified product. The incentive for certification increases
with increase in the effectiveness of effort, even as the
equilibrium profits become lower, since profits upon
deviation to not seeking certification reduces at a faster
rate.

In the intermediate range of the effort effectiveness
(Ens < € £ &) consumers use the safety-certified prod-
uct negligently but use the noncertified product with
care. Since consumers use the noncertified product
with care and accidents happen only due to inherent
safety problems, an increase in ¢ has no direct effect on
the probability of accidents in the case of noncertified
product. Now, consider a safety-certified product: In
this case, an increase in ¢ causes a larger increase in the
probability of accident if consumers use the product
negligently compared to using it with care. Therefore,
the willingness to pay for the safety-certified product
drops with the increase in ¢, and so the firm sets a
lower price for the safety-certified product. The equi-
librium profits become smaller but the profits for devi-
ation to not seeking certification remain unchanged.
As a result, the incentive for certification reduces. If
consumers’ effort is so effective (¢ > &;) that they use
the product with care regardless of firm’s certification
decision or outcome of certification, then the firm’s
incentives for certification do not depend on the effec-
tiveness of effort. This is because in this range of effort
effectiveness, consumers use the product with care and
the accidents happen only due to firm-related safety
problems.

It is also interesting to note that the cost of con-
sumer’s effort x increases the possibility of certifi-
cation, when &yg < ¢ < &. In this range of ¢, the
certification decision of the firm changes the con-
sumer’s strategy as compared to if the firm did not
seek certification. When consumer effort costs are
higher, the firm is even more motivated to affect con-
sumer behavior by adopting the certification decision.
Finally, the presence of the consumer moral hazard also
shrinks the parameter space over which the firm does

not seek certification in equilibrium. The intuition is
similar to the certification equilibrium case described
above.

3.2. The Complements Case

We now consider markets where consumer effort and
product safety are complements. Consider products
such as snow chains, fire extinguishers, and pharma-
ceutical drugs whose primary function itself is to pro-
vide safety/remedy. The safety characteristics of these
products and the consumer effort in properly using
them can be seen as complements. Specifically, the
marginal effect of the high consumer effort e, in reduc-
ing the accident probability is higher for a high-safety
product.

Suppose, as in the previous section, the probability
of accident when consumer puts out effort e, is1-06,,
but the probability of accident if the consumer puts
effort e, is represented by 1 — 0, + 0,¢. As in the sub-
stitutes case, the parameter ¢ is the effectiveness of the
consumer’s effort and 0 < ¢ < 1. Note that the formula-
tion implies that the marginal reduction in the accident
probability from increased effort is higher for products
with higher safety. Also, the law of comparative neg-
ligence, as discussed in Section 3.1, implies that if the
consumer uses the product negligently the liability of
the firm for an accident can be written as ((1-6,)/(1—
0,+6,¢))L;.

We can now define thresholds &g, &, and &y such
that the consumers use the product negligently for
€ < &g if they believe the product to be safety certified,
for ¢ < & if they believe the firm did not seek certifica-
tion, and for ¢ < & if they believe the firm was denied
certification. Consumers use the product with care if ¢
is higher than thresholds &g, &, and &y for the respec-
tive beliefs. Since safety and effort are complements
and consumers believe the safety-certified product to
be of higher expected safety, they are most inclined to
use the safety-certified product with care. The thresh-
old é; is therefore the smallest of the three. Note that
in the case when safety and effort were substitutes, the
corresponding threshold &; was the largest of the three
since consumers were least inclined to use the safety
certified product with care. Coming back to the com-
plements case, since the consumers beliefs about the
firm safety are intermediate when the firm does not
seek certification and lowest when firm is denied certi-
fication, we have &5 < & < &.

We can now compare consumers’ choice of effort
depending on their beliefs about firms certification
strategy in different regions of ¢. Consumers use the
product negligently regardless of the firm’s certifica-
tion decision or the outcome of certification if ¢ < &g;
they use the product with care only when using a
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Figure 4. (Color online) Firm’s Incentives to Seek Product
Safety Certification with Effectiveness of Consumers’ Effort
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product negligently only when using a product that
was denied certification if € < ¢ < éyg; and they use
the product with care regardless of firm’s certification
decision or outcome of certification if € > &.

The expressions for &g, , and &yg can be derived in
a manner similar to Section 3.1 and are as follows:

o klap+(1-a)l-p)]
° 7 Llap0,+(1-a)1-p)0,]’
K

T Lla6,+(1-a)6,]’

- kla(l-p)+(1-a)p]
N7 Lla(l-p)0, + (1-a)p6,]’

safety-certified product if &5 < ¢ < &; they use the

oy
|

As in the substitutes case, the consumers’ choice of
effort depends on the firm’s certification decision or
the outcome of certification only when the effective-
ness of consumers’ effort is in the intermediate range
&g < € < €yg. However, what is interesting is that the
consumers’ response to a more favorable belief about
product safety is opposite of the Peltzman effect pre-
diction. When safety and effort are complements, con-
sumers actually become more willing to use a product
which they believe to be of higher safety with care.
The conditions under which certification equilibrium
exists are graphically presented in Figure 4. An exami-
nation of the equilibrium conditions and their compar-
ison with those for the case without consumer moral
hazard leads us to the following proposition.

Proposition 4. If safety and effort are complements, the
firm’s incentive to seek voluntary safety certification

1. is lower compared to if there is no consumer moral
hazard;

2. changes nonmonotonically with the effectiveness of the
consumers’ effort ; the incentive decreases with ¢ if € is
small (e < &), increases with ¢ if it is in the intermediate
range (€5 < € < éyg), and remains constant if € is large
enough (& > éyg).

Comparing Proposition 4 to Proposition 3 leads to
one of the key points of the paper. In contrast to the
substitutes case, here the presence of consumer moral
hazard results in the firm seeking certification over
a smaller set of conditions. In other words, unlike in
the substitutes case, consumer moral hazard damp-
ens firm certification incentives. With complementar-
ity, consumers are more willing to use the product with
care if they buy a safety-certified product as compared
to a noncertified product. Because safety and effort
are complements, the effect of negligent product use
on the probability of accident is the lowest when the
firm is denied certification. Certification is not seen as
beneficial by consumers because they expect a large
increase in the accident probability if they use a safety-
certified product negligently. This, in turn, reduces the
firm’s incentives to seek certification. Complementar-
ity expands the region of parameter space in which not
seeking certification is an equilibrium.

The above result is consistent with the observa-
tion that voluntary certifications are not common in
the pharmaceutical industry. To the extent that FDA
approvals leave some uncertainty about the safety per-
formance of many drugs, there should be a market
for third-party voluntary certifications that can resolve
that uncertainty. However, voluntary certifications are
not at all observed in this industry. One reason could
be that the patient compliance effort and drug safety
may be complements which reduce certification incen-
tives. It is also of interest to note that of the hundreds
of fire extinguishers on Amazon.com, only three are
UL listed."> We posit that the low incidence of firms
seeking voluntary certifications for fire extinguishers
may potentially be due to the complementarity of its
inherent safety and consumer effort in its maintenance.

As in the case in which safety and effort are sub-
stitutes, we observe a nonmonotonic effect of the
effectiveness of effort on the firm’s incentive to seek
certification; but what is interesting is that the nature
of the nonmonotonicity is opposite. Unlike in the sub-
stitutes case, the firm’s incentive to seek certification
first decreases, then increases, and finally stays con-
stant as the effectiveness of consumer effort increases.
If the consumers’ effort is not very effective (¢ < &),
they use the product negligently. An increase in the
effectiveness of effort makes the negligent product use
less desirable to consumers since they experience a
larger increase in the probability of accident if they
use the product negligently instead of using it with
care. However, since safety and effort are complements,
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the increase in the probability of accident is larger
if the product is believed to be of higher safety; that
is, if the product is safety certified. Consumers’ will-
ingness to pay for safety-certified product drops more
than that for the noncertified product. The equilibrium
profits drop at a faster rate than the profits upon devi-
ation to not seeking certification. As a result, the firm’s
incentives to seek certification reduce with increase
in ¢, if effort is not very effective. Interestingly, how-
ever, in the intermediate range of effort effectiveness
(€5 < € < éyg), the firm’s incentive to seek certification
increases with the effectiveness of consumers’ effort.
In this range, consumers use a safety-certified product
with care but a noncertified product negligently. An
increase in the effectiveness of effort has no effect on the
probability of accident for the certified product since
consumers use the certified product with care and
accidents happen only due to product-related safety
problems. Now, consider the noncertified product: an
increase in the effectiveness of effort makes the prod-
uct less desirable to consumers since consumers expe-
rience a larger increase in the probability of accident.
Therefore, the firm sets a lower price. The firm profits
on deviation to not seeking certification become much
smaller compared to equilibrium profits with increase
in €. As a result, the firm’s incentive to seek certifi-
cation increases with ¢. If consumers’ effort is highly
effective € > &y, they use the product with care regard-
less of certification decision of the firm. Therefore, the
firm’s incentive to seek certification is not affected by
the effectiveness of consumers’ effort if effort is highly
effective.

3.3. Welfare Implications

We now summarize the welfare implication of prod-
uct safety certification. First, consider the basic model
without consumer moral hazard. In the absence of
safety certification, both the consumers and the firm
believe the product to be of type 0, with probability «.
The welfare in the absence of certification can be found
by adding consumer surplus and firm’s profits, and is
given by Wye =v—[a(1-6,)+ (1 - a)(1-06,)]L. If the
firm seeks certification, it is granted certification with
probability ap + (1 — a)(1 — p) and is denied certifica-
tion with probability a(1 — p) + (1 — a)p. Consumers
believe the product to be of type 0, with probability
ap/(ap+(1—-a)(1-p))if they observe a safety-certified
seal, and with probability a(1-p)/(a(1-p)+(1—a)p)
if they do not. Therefore, we get the welfare in the pres-
ence of certification as We=v - [a(1-0,)+ (1 —«a) -
(1 - 6))]L — k. Thus, in the basic model, certification
results in a lower welfare. This is because certifica-
tion does not make the product any safer. It only
changes the consumers’ beliefs about product safety.
The expected probability of accident remains the same.
Therefore, if the firm sells the product to the consumers

even when it is denied certification (i.e., there is no
demand effect) and if true product safety is indepen-
dent of the certification decision (i.e., product safety is
exogenous), then costly certification reduces welfare.

Next, consider the model with consumer moral haz-
ard, presented in Section 3.1 (the derivation is pre-
sented in the appendix). In this setup, certification can
be welfare enhancing in the intermediate range of effec-
tiveness ¢ of consumers’ effort &y < € < &. If € is out
of this range, consumers exert the same level of effort
regardless of certification decision of the firm or the
outcome of certification. However, in the intermediate
range, certification changes the optimal effort choice of
the consumer. In this range, welfare first increases (if
Ens < € < &) and then decreases (if & < ¢ < &) with
increase in ¢. This is because certification induces care-
ful product use if &yg < € < &, whereas it induces neg-
ligent product use if & < ¢ < &;. Since an increase in
¢ makes consumers more willing to use the product
with care, ex post consumer surplus increases with ¢
if &yg < € < & and decreases with ¢ if & < ¢ < &;. As
a result, in the intermediate range of ¢, the welfare
first increases and then decreases with increase in ¢.
Therefore, certification can be welfare enhancing in the
presence of consumer moral hazard. It is important
to note that for certification to be welfare enhancing
it must be the case that the consumer is motivated to
change her optimal effort choice as a result of firm’s
certification decision. The result about higher welfare
in the intermediate range of effort effectiveness holds in
both the substitutes (Section 3.1) and the complements
(Section 3.2) cases.

4. Extensions

In this section, we develop three extensions to the mod-
els presented above. The first allows the effort choice of
the consumer to be continuous, the second investigates
alternative product liability assignment rules, and the
third presents the analysis in a setup in which the firm
does not sell the product if it is denied certification but
sells otherwise.

4.1. Continuous Effort

In the analysis presented so far, we assume that the
consumer chooses between careful (e,) and negligent
(e;) use of the product. In this extension, we allow effort
(e) to be continuous. The cost of effort is 17e?. The
probability of accident is assumed (1 - 6,)[1+ (1 —¢)].
This functional form captures the following assump-
tions: (i) The inherent product safety 6, and consumer
effort e are substitutes (i.e., the marginal effect of higher
effort in reducing the accident probability is lower for
the high-safety firm). (ii) If consumers use the prod-
uct with care (e = 1), accidents happen with probability
1—6,. The liability of the firm for an accident using
the law of comparative negligence is L;/(1 + &(1 —¢)).
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Table 2. Consumer’s Effort Corresponding to Different Firm Strategies

Consumer’s effort choice

Certification

strategy /Outcome Fye<e<E feecr

Seek/Denied 1 )

Not seek [a(1-6,)+ (1T— a)(1-0))]Le )
1-6,)+(1-a)(1-p)(1-6,)]Le L0t (L ) o)1 0L

Seek/Granted [ap(1-6,)+(1=a)(1-p)1-6)ILe  [ap(1=6,)+(1-a)(l-p)(1-6)]Le

[ap+(1-a)(1-p)]t

[ap+(1-a)(1-p)]t

Similar to the model presented in Section 3.1, con-
sumers use the product with care (e =1) for ¢ > £ if they
believe the firm did not seek certification, for ¢ > &
if they believe the firm was granted certification, and
for € > &y if they believe the firm was denied certi-
fication. Otherwise, they use the product negligently
(e <1). A comparison of consumer’s expected utility in
the case of careful and negligent product use gives

s = tlap+(1-a)(1-p)]
ST Llap(1-60,)+(1-a)(1-p)(1-6)]’
T
T Lla(1-0,)+(1-a)1-0)]’

- tla(l-p)+(1-a)p]
M7 Lla(1- p)1-6,)+(1-a)p(1-06)]

Since the consumers’ beliefs about the firm type are
highest when the firm is granted certification and are
lowest when the firm is denied certification, we get
Eng < & < &;. Therefore, consumers respond to differ-
ent firm strategies in the same manner as presented
in Proposition 2. We present these results in Table 2
below. Note the consumer responds to higher beliefs
about the firm safety by reducing the effort while using
the product.

Next, we examine certification equilibrium and com-
pare results to those presented in Proposition 3. The
existence conditions for the certification equilibrium
are graphically presented in Figure 5. The formal state-
ments and proofs are in the appendix. A comparison of
the conditions under which the firm seeks certification
in equilibrium reveals that consumer moral hazard can
lead to higher incentives for the firm to seek voluntary
safety certification. We also discover a nonmonotonic
effect of the effectiveness of consumers’ effort on the
firm’s incentives to seek certification. The firm’s incen-
tives to seek safety certification first increases, then
decreases, and then remains constant with increase
in the effectiveness ¢ of consumers’ effort. All of the
results presented in Section 3.1 (the model with dis-
crete effort levels) are robust to this extension. It is
straightforward to show that the results presented in
Section 3.2 also continue to hold if we consider effort
continuous in the case where safety and effort are
complements.

o
|

4.2. Alternative Product Liability
Assighment Rules

In the analysis presented so far, we adopted the most
widely used rule (i.e., “the law of comparative neg-
ligence”) to determine the firm’s liability in the case
of an accident. In this section, we examine the other
two forms of liability assignment rules that are preva-
lent in the United States: the strict liability and the
contributory negligence. Under the strict liability rule,
the firm is held accountable for damages to the same
extent regardless of the level of care exercised by the
consumer. Whereas under the contributory negligence
rule, the firm is held liable only if the consumer has
exercised the maximum level of care, i.e., has not con-
tributed to the accident (see Glannon 2010 for a discus-
sion). We implement strict liability in the setup of the
main model by assuming that the firm’s liability is L
regardless of the effort chosen by the consumer. Con-
tributory negligence is implemented by assuming that
firm’s liability is L, if the consumer uses the product
with care but is zero if the consumer is negligent. Both
of these cases are derived in the appendix.

Figure 5. (Color online) Firm’s Incentives to Seek Product
Safety Certification with Effectiveness of Consumers” Effort
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First, consider the strict liability rule: Consumers
obviously become less likely to use the product with
care since they get fully compensated even when they
are negligent. As a result, all of the three thresh-
olds &5, & and &g for the substitutes case move
to the right. However, the relationship &ys < & < &,
and the entire discussion pertaining to the risk com-
pensation phenomenon following Proposition 2, will
continue to hold. As in the main model, additional
incentives for certification are created under moral haz-
ard, and the firm’s incentives to seek certification first
increases then decreases and then stay unchanged with
an increase in the effectiveness of consumers’ effort.
Similarly, if safety and effort are complements, all of
the three thresholds &, £, and &5 become higher since
consumers become more willing to use the product
negligently, but the relationship &5 < & < &55 continues
to hold. The result about the nonmonotonic effect of the
effectiveness of consumers’ effort on the firm'’s incen-
tive to seek certification is also robust to the assump-
tion of strict liability rule. The intuition for these results
is exactly the same as for the case of comparative
negligence.

Next, suppose that the court follows the law of con-
tributory negligence when deciding a firm’s liability in
the case of an accident. In this case, consumers become
more likely to use the product with care since their
expected loss in the case of an accident is higher. There-
fore, all of the thresholds (&ys, & and &g for the sub-
stitutes case, and €y, &, and &g for the complements
case) become smaller. However, the risk compensation
result, as well as the nonmonotonic effect of the effec-
tiveness of the consumers’ effort on the firms incen-
tives to seek certification, continue to hold in this setup
as well.

4.3. When the Certification Decision Can Be
Inferred from Prices

In the analysis presented so far, we assumed that the
firm is willing to sell the product to consumers when
certification is denied. The rationale for this assump-
tion was to rule out the demand-based explanations
for the safety certification and focus on the more
interesting incentives-based rationales for certification.
One implication of the assumption was that if a firm
deviated from the certification equilibrium, consumers
believed that the firm was denied certification as they
would not be able to distinguish between the denial
of certification and no certification. In this extension,
we consider the case where the product valuation v is
such that the firm does not find it optimal to sell to con-
sumers at some price pyg along the equilibrium path
even if consumers upon observing price pys were to
believe that the firm deviated to not seeking certifica-
tion. However, the firm is willing to sell at the same

price if it deviates to not seeking certification. There-
fore, if the consumers observe that the firm is willing
to sell the product at price pyg, they rationally infer
that the firm must have deviated to not seeking certifi-
cation. Thus, the firm sets price pys when it deviates to
not seeking certification and would like to sell at that
price.

As in the basic model, incentive for certification is
created because the firm sets price at pys even when it
deviates to not seeking certification. In this setup, addi-
tional incentives for certification are created because
certification gives the firm the option of not selling the
product when consumers’ beliefs about the firm type
become unfavorable as a result of denied certification.
In the model with consumer moral hazard, if safety
and effort are substitutes, additional incentives for cer-
tification are created, similar to Section 3.1. The result
pertaining to the nonmonotonic effect of the effec-
tiveness of consumers’ effort on the firm’s incentive
to seek safety certification is robust to this extension.
The firm’s incentive to seek certification first increases,
then decreases, and then remains unchanged with an
increase in the effectiveness of the consumers’ effort.
It is, however, interesting to note that if safety and
effort are complements, the incentives for certification
may increase in this case with an increase in the effec-
tiveness of effort. This happens because the demand
effect dominates the effect of consumer moral hazard
if the likelihood that the firm is denied certification
is large enough. Although in the substitutes case the
effect of consumer moral hazard acts in the same direc-
tion as the demand effect, in the complements case the
two effects act in the opposite direction. If safety and
effort are complements, the demand effect increases
the incentives for certification, whereas moral hazard
reduces it.

5. Conclusion
Almost all of the consumer products that are legally
sold meet a set of minimum safety standards specified
by regulatory bodies. Against this backdrop, the wide
prevalence of voluntary safety certifications for which
the safety standards are usually much more exacting is
an interesting phenomenon. Automobile manufactur-
ers seek European New Car Assessment Programme
(Euro (NCAP)) certification, toy manufacturers seek
American National Standards Institute or ASTM Inter-
national certification, and bike helmet manufacturers
may seek Snell Certification. This paper examines the
incentives of firms to seek costly safety certification and
analyzes the effect of consumer moral hazard and the
informational characteristics of the market on equilib-
rium safety certification.

There exist incentives for a firm to seek safety cer-
tification even if the firm and the consumers have
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same beliefs about the product’s safety. Many con-
sumer products fall in this category due to U.S. laws
that require firms to disclose all safety-related issues
to consumers. The result emerges from the fact that
neither the firm nor the certification agencies disclose
denied certifications, so consumers learn about the cer-
tification decisions only when the outcome is positive.
The important result of this paper is that consumer
moral hazard increases the incidence of certification
when safety and consumer effort are substitutes in
deciding the probability of accident-free use, but it
decreases the incidence when they are complements.
This is because using a product negligently in the sub-
stitutes case is more painful for the consumer when
buying from a firm which is denied certification, but
in the case of complements, using the product negli-
gently is more painful when certification is successful
and the product is certified as a high-safety product.
Our paper also identifies an interesting nonmonotonic
relationship between the effectiveness of consumers’
effort and the firm’s incentives to seek certification.
Certification can be welfare enhancing in the pres-
ence of consumer moral hazard regardless of whether
safety and effort are substitutes or complements. This
increase in welfare originates from the change in the
consumers’ optimal choice of effort, as certification
provides her better information about product safety.
However, if certification has no effect on consumers’
choice of effort or if there is no consumer moral haz-
ard, certification leads to lower welfare. This result has
policy implications for voluntary certification agencies.
Promoting product safety is an important policy and
consumer-welfare imperative. Our paper contributes
by highlighting the role of voluntary certification in
allowing firms to alleviate safety concerns. There are
some questions that may be potentially useful to con-
sider in future work in this area. The growth of the
Internet and social media provides another channel
for consumers to learn about safety, i.e., the experi-
ence and the reports of other consumers. In this con-
text, there are incentives for online intermediaries to
aggregate consumer reviews and safety ratings. Under-
standing the role of this channel and how it would
affect firm strategies could be an interesting research
issue. It would also be useful to explore the signaling
incentives for product safety as a parallel to the liter-
ature on the signaling of quality or demand potential
(e.g., Milgrom and Roberts 1986, Gal-Or 1989, Desai
and Srinivasan 1995, Padmanabhan et al. 1997, Iyer and
Kuksov 2010). There exists work on signaling safety
through prices (Daughety and Reinganum 2008), but
an interesting problem would be to analyze the role of
certification in safety signaling under consumer moral
hazard. Additionally, it may be of interest to explore the
optimal liability assignment mechanism in the pres-
ence of product safety certification. Finally, another

important area would be to investigate competition
between firms on the safety dimension and the condi-
tions under which competition would promote greater
product-safety investments.
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Appendix

Proof of Proposition 1

Certification Equilibrium. Let us first consider the candidate
equilibrium in which the firm seeks certification (¢ = C) and
in which the consumers’ beliefs about the firm'’s certification
are consistent with the firm’s decision (A = 1). If the certifica-
tion outcome happens to be positive then the firm sets price
ps but if the outcome happens to be negative and the certifi-
cation is denied then the firm sets an associated price of pys.
Given the firm’s pricing strategies the consumers will use
Bayes’s rule to form beliefs 1(A,0,p) about the firm’s type
which can be specified as

pa

pa+(1-p)1-a)
a(l-p)

a(l-p)+(1-a)p

Given these beliefs the consumers’ expected utility upon
observing firm’s pricing strategies is

U(u(A,0,p),p) =v—p—[pA,o,p)1-06,)
+ (1 - .U(A/ o, P))(l - GI)J(L - Lf)

Note that the firm’s optimal pricing strategies will involve
prices ps and pys that extract all of the consumer surplus.
Therefore, the firm’s pricing strategies which are consistent
with consumer beliefs can be written as

pe=v- (pa(l—Qh)+(1—p)(1—a)(1—91))L
> pa+(1-p)1-a) ¢
a(l-p)1-6,)+(1-a)p(1-0)) )L
a(l-p)+(1-a)p ‘
If the firm seeks certification (¢ = C) and consumers indeed

believe that the firm sought certification (A = 1), the firm’s
profits can be written as

ifA=1,0=5p=ps,

(A, 0,p) =
ifA=1,0=NS, p=pys.

PNSZU—(

n¢ = [pa+(1-p)(1-a)lps+[a(l-p)+(1-a)plpys —k
~[a(1-6,)+ (1 -a)1-6)IL;.

However, for seeking certification to be an equilibrium strat-
egy the firm profits given above must be higher than prof-
its in the case of deviation to not seeking certification. Note
the consumers do not observe certification decision of the
firm. They infer the firm’s certification decision from the
firm’s observed pricing strategy and the presence or absence
of safety seal. Therefore, if the firm deviates to not seeking
certification (c = NC), and therefore has no safety seal, but
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continues to set the same price pys, consumers would con-
tinue to believe that the firm went for certification (A = 1)
but was denied certification (0 = NS). But suppose the firm
were to set some price p’ > pys upon deviation and con-
sumers were to associate this price to the deviation (A =0)
and be willing to buy. Then consumers would rationally
know that even on the equilibrium path (c = C) when the firm
is declined certification (0 = N'S), the firm will have incentive
to set price at p’. Knowing this the consumer would not buy
at any price p’ > pys in the absence of safety seal. Therefore,
in the case of deviation to not seeking certification the firm
can only set p’ = pys. Therefore, the profits associated with a
deviation to not seeking certification and setting price py; is
given by

n° = pys —[a(1-6,)+(1—-a)(1-6)]L;.

Therefore, in a PBE the firm seeks certification if
€ > nP or
0{(1 - 0‘)(2,0 - 1)(611 - GI)LC
al-p)+(1-a)p

No Certification Equilibrium. Next we consider the candi-
date equilibrium in which the firm does not seek certification
(¢ = NC) and the consumers believe that the firm did not
seek certification (A = 0). In this case the consumers upon not
observing a safety seal will believe the firm to be of high type
with probability a. Given this belief the firm’s optimal strat-
egy will be to set a price pyc =v—[a(1-0,)+(1-a)(1-6))]L,
which extracts all of the consumer surplus. If the firm does
not seek certification (¢ = NC) and if the consumers indeed
believe that the firm did not seek certification (A = 0), the
firm’s profits can be written as

TN = pye = [a(1=6,) + (1-a)(1- O)]L;.

To establish that the above strategies and beliefs constitute
a PBE, we must show that the firm does not have any incen-
tive to deviate and seek certification. Suppose the firm devi-
ates to seeking certification (c = C) but is denied (0 = NS) it
should set price at py as this is the highest price that can pos-
sibly be charged in the absence of seal given the consumers’
equilibrium beliefs (A = 0) that the firm did not seek certifi-
cation. However, upon the firm’s deviation if the consumers
were to observe a seal then they will know with probability
one that the firm has sought certification (A = 1) and there-
fore will believe the firm to be of high type with probability
ap/(ap +(1—-a)(1 - p)). The firm will set the price p; when
it is granted certification. Therefore, we can write the firm’s
deviation profits as,

n” = [pa+(1-p)(1-a)lps+[a(l-p)+(1-a)plpyc —k
—[a(1-6,)+(1-a)1-6)]L;.

In a PBE the firm will not seek certification if ¢ > =P,
which simplifies to

k> a(l-a)2p—1)(6, - 6,)L.

Mixed Strategy Equilibrium. Next consider a mixed strat-
egy equilibrium in which the firm seeks certification with
some probability ¢, and the consumers’ beliefs are consis-
tent (A = o). The firm sets equilibrium prices p; and p};; with
or without the certification seal respectively conditional on

consumer beliefs. The equilibrium consumer beliefs can be
derived using Bayes’s rule as

pa

pa+(1-p)l-a)
a(l-p)o+a(l-o)

al-p)o+a(l-o)+(1-a)pc+(1-a)(l-o0)

ifA=0,0=5,p=p;g,

p(A,0,p)=

if A=0,0=NS, p=p}..

The firm must be indifferent between seeking and not seek-
ing certification. Equating firm profits in the case of certifica-
tion and no certification decision results in

k=[pa+(1-p)1-a)l(ps-pys)-

This equilibrium exists in the parameter space where both
certification and no certification equilibria exist.

Proof of Proposition 2
We first show that if safety and effort are substitutes, then
s < &< &
or

kla(l-p)+(1-a)p]
Lla(1-p)1-6,)+(1-a)p(1-6))]
K

“Ia(=0,)+A-a)1-0,)]
- klap+(1-a)1-p)]
L[“P(l -0,)+(1-a)1- P)(l -6))]

or

a(l-p)1-6,)+(1-a)p(1-0))
a(l-p)+(1-a)p
>a(l-6,)+(1-a)1-06)
S ap(1-0,)+(1-a)(1-p)1-0)
ap+(1-a)(1-p)

The above expression holds given a(l — p)/(a(l — p) +
(1-a)p) <a<ap/lap + (1 - a)(l — p)) (which holds
Vp>1).

1. Recall that by definition, if ¢ < &5, consumers exert low
effort when using a safety-certified product. Since &g < & <
&g, consumers exert low effort and use the product negli-
gently for all &ys < e < &.

2. When consumers do not observe a certification seal, it
is either because the firm was denied certification or it did
not seek certification in the first place. In a PBE, consumers’
beliefs about firm’s certification decision are correct. We first
consider the case when the firm actually seeks certification
but is denied a certification seal.

(a) If the firm is denied certification, consumers use the
product with care for € > &ys. Since &y < & < &;, consumers
exert high effort for all &g < e < &;.

(b) Now we consider the case in which consumers do
not observe the certification seal because the firm does not
seek certification in equilibrium. Consumers exert high effort
only for ¢ > & and use the product negligently otherwise.
Therefore, given &y < & < €;, consumers will exert low effort
when &5 < ¢ < & but switch to exerting high effort when
& < ¢ £ & in equilibrium.
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Equilibrium Derivation for the Substitutes Case
If product safety and consumer effort are substitutes, the equilib-
rium involves

1. the firm seeking certification if

a(1-a)(2p = 1)(6, ~ O)(L, +¢L)
al-p)+1-a)p
a(l-a)(2p-1)(6, - 0))L,
a(l-p)+(1-a)p
a(l-a)2p-1)(0, - 6,)L,
a(l-p)+(1-a)p
where K, = x(ap+ (1 —-a)(1-p))—eLlap(l-6,)+(1—-a)-

(1-p)1-6)];
2. the firm not seeking certification if

if e < &yg,

+K

s ifé&yg<e<é,

if€>§5,

al-a)2p-1)(8, - 6,)(L, + <L)
k>1a(l-a)2p-1)6, - 6,)L, +K,
a(l-a)2p-1)(6, - 6,)L,

ife<é,
if§<€Sgs,
ife>ég;

3. the firm mixing between certification and no certification in
the region of parameter space where both certification and no certi-
fication equilibria exist.

Certification Equilibrium. We first consider the candidate
equilibrium in which the firm seeks certification. The condi-
tions under which equilibria exist are derived for the different
ranges of parameter ¢.

(a) If € < &yg: In this range of ¢, the consumer takes the
effort ¢; regardless of the certification outcome. If the certifi-
cation outcome happens to be positive (0 = S), then the firm
sets price pg; but if the outcome happens to be negative and
certification is denied (0 = NS),then the firm sets an asso-
ciated price of pys. Given the firm’s pricing strategies, con-
sumers will use Bayes’s rule to form beliefs pi(A, 0, p) about
the firm'’s type as described in the proof of Proposition 1. The
firm sets prices pg and pyg optimally to extract all of the con-
sumer surplus. Therefore, the firm’s pricing strategies, which
are consistent with consumer beliefs, can be written as

_ ap(1-6,)+(1-a)(1-p)(1-0) i
ps_v_[ ap+(1-a)l-p) ]mﬂ)L_Lf]'
a(l-p)1-0,)+(1-a)p(1-6))

a(l-p)+(1-a)p

[(1+¢e)L-L;].

PNs:U—[

If the firm did seek certification (¢ = C) and consumers
indeed believed so (A = 1), then the firm’s profits can be writ-
ten as

ne=v—-[a(l1-0,)+(1-a)1-0,)](1+¢)L—k.

Seeking certification will be an equilibrium strategy for
the firm if the above profits are higher than if the firm were
to deviate to not seeking certification. Recall that the con-
sumers do not observe the certification decision of the firm
and infer it from the firm’s observed pricing strategy and the
presence or absence of the safety seal. Therefore, if the firm
were to deviate to not seeking certification (c = NC) and con-
tinue to set the same price pys, consumers would continue
to believe that the firm went for certification (A = 1) but was
denied (0 = N'S). But suppose the firm were to set some price

p’ > pns When it deviates to not seeking certification. Con-
sumers, upon observing this price, would not change their
beliefs about the firm type because if they were to do so,
the firm would want to set this higher price on the equilib-
rium path when it is denied certification. Therefore, upon
any deviation to not seeking certification, the firm can only
set p’ = pys. Therefore, the profits associated with a deviation
to not seeking certification and setting price pys is given by

_ a(l-p)1-0,)+(1-a)p(1-0)
all-p)+(1-a)p
—[a(1-6,)+ (1 -a)(1-0))]L;.

Ty =0 [(1+e)L—Ly]

Therefore, in a PBE the firm seeks certification if 77 > 7tp,
or
al-a)2p-1)(6, - 6,)(L,+¢L)

a(l-p)+(1-a)p '

(b) If &ys < € < &;: In this range of ¢, the consumer takes
effort ¢, if the product is classified as type 0), and takes effort
e, if the product is classified as type 6, by the certification
agency. The equilibrium prices and profits, as well as prof-
its under deviation to no certification, can be derived as in
part (a). A comparison of firm profits under equilibrium and
under deviation to no certification gives the condition

k <

_ al=a)2p-1)(6, - O)L,

al-p)+(1-a)p K

where

K, = k(ap+(1-a)1-p))
—eLlap(1-6,)+(1-a)1-p)1-0)].

(c) If € > &;: If ¢ is sufficiently large (¢ > &), consumers
takes effort e, regardless of the certification outcome. The
prices and profits can be derived as in part (a). The existence
condition for the certification equilibrium, which is obtained
by comparing equilibrium profits to profits under deviation
to no certification, can be written as

_ all-a)2p=1)(0, - )L,
a(l=p)+(1-a)p

No Certification Equilibrium. Next we consider the candi-
date equilibrium in which the firm does not seek certifica-
tion. If a firm deviates to seeking certification, the consumers,
upon observing the seal, would believe that the firm has gone
for certification; but upon not observing the seal, the firm will
be indistinguishable from one that did not seek certification.
So consumers would still believe that the firm has chosen not
to go for certification. They would, therefore, be willing to
pay a higher price than if they could observe that the firm
has actually been denied a seal. Using analysis which is sim-
ilar to the proof of Proposition 1, a comparison of profits
under equilibrium and the deviation profits reveals that the
equilibrium exists if

a(l—a)2p-1)(6, —0,)(L. +eL)
k>{a(l-a)2p-1)(6, - 6L, +K,
a(l-a)2p-1)(6, - 6))L,

if e<é,
ifé<e<é,
if € > &;.
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Mixed Strategy Equilibrium. Next, consider a mixed strategy
equilibrium in which the firm seeks certification with some
probability o. The firm sets equilibrium prices ps and pjs
in the presence and absence of the certification seal, respec-
tively, conditional on consumer beliefs. The equilibrium con-
sumer beliefs can be derived using Bayes’s rule as
ap
Gl S/ ) = —I

Mo S - p)
H(Gr N S 7 P;\/S )

B ac(l-p)+a(l-o)

Cac(l-p)+a(l-o)+(1-a)po+(1-a)1-0)

The firm must be indifferent between seeking and not seeking
certification. Equating firm profits in the case of certification
and no certification decision results in

k=[pa+(1-p)1-a)l(ps—pys)-

It is straightforward to show that in the entire range of
¢, the mixed strategy equilibrium exists in the same region
where both certification and no certification equilibria exist.

Proof of Proposition 3

1. Follows directly from the comparison of the certifica-
tion equilibrium conditions outlined in Proposition 1 and
those described in the certification equilibrium analysis for
substitutes case above.

2. If k, is the maximum cost for which the certification
equilibrium exists, given safety and effort are substitutes

a(l-a)2p-1)(6, - )L
a(l-p)+(1-a)p

ok, _ | -Llap(1-6,)+(1-a)1-p)(1-6)]<0
de

>0 if(‘:SgNs,

if Eyg <e <&,
0 if € > &.

Equilibrium for the Complements Case
If product safety and consumer effort are complements, the equilib-
rium involves

1. the firm seeking certification if

a(l-a)2p—1)(6, - 6,)(L. — ¢L)
al=p)+(1-a)p
a(l-a)2p-1)(6, - 6,)L
a(l-p)+(1-a)p
a(l-a)2p-1)(6, - 0))L,
a(l-p)+(1-a)p
where K, = (ap + (1 — a)(1 = p))[-x + eL([a(1l - p)B, +
(1=@)p0;)/(@a(1=p) +(1-a)p))];
2. the firm not seeking certification if
a(l=a)2p—=1)(6;, = 6,)(L. —€L)
k>qal-a)2p-1)(6,-6,)L.+K,
a(l-a)2p-1)(6, - 6,)L,
3. the firm mixing between certification and no certification in

the region of parameter space where both certification and no certi-
fication equilibria exist.

if e <&,

+K

. if ég<e<éys,

if e > éyg,

iffgés,
if g <e<é,
if e > ¢

The derivation of equilibrium conditions for the comple-
ments case proceeds in the same manner as the proof of the
substitutes case presented above.

Proof of Proposition 4

1. Follows directly from the comparison of the certifica-
tion equilibrium conditions outlined in Proposition 1 and
those described in the certification equilibrium analysis for
complements case above.

2. If k. is the maximum cost for which the certification
equilibrium exists, given safety and effort are complements

_a(l-a)2p-1)(0, - 6))L
a(l-p)+(1-a)p

ok |, (ap+(1—a)1-p)a(l-p)0, +(1-a)pb]

de al-p)+(1-a)p

<0 iffSés,

>0

if ég<e<éys,

0 if € > éys.

Welfare Implications

First, we consider the welfare implications in the basic model.
If there is no certification, the firm sets price pyc = v —
[a(l-6,)+ (1 —a)1-6)](L—Ly) to extract the entire con-
sumer surplus. The firm makes a transfer L to the consumer
in the case of an accident. Therefore, welfare Wy is given by

Wyc=v-[a(1-6,)+(1-a)1-6))]L.

Using equilibrium firm profits given in the proof of Propo-
sition 1, we can write the welfare if the firm seeks certifica-
tion as

We=0-[a(l-06,)+(1-a)1-0)]L-k.

Since the change in welfare, AW = W — Wy <0, certifica-
tion leads to reduction in welfare in the case of basic model.
Next, consider the model with consumer moral hazard pre-
sented in Section 3.1. Safety and effort are substitutes. The
change in welfare AW is calculated using firm profits and
expected utility given in the proof of equilibrium. We get

[a(1-p)A—-6,)+ (1 -a)p(1-6))]cL
—[a(l-p)+ (1 -a)plk if Eyg<e<é,
AW =1-[ap(1-6,)+(1-a)1-p)1-06)]eL
+lap+(1-a)1-p)lk

-k otherwise.

ifé<e<é,

Similarly, for the model (presented in Section 3.2) in which
safety and effort are considered complements, we get

[apO,+(1-a)1-p)0JeL—[ap+(1-a)l-p)lk
ifég<e<é,
AW =1-[a(1-p)0, +(1-a)pO,]eL +[a(1- p) + (1 - a)plk
if € <e<éyg,
—k otherwise.

Continuous Effort

Suppose safety and effort are substitutes. If the firm does not
seek certification, and if consumer beliefs are consistent, then
in this case, the consumers’ expected utility can be written as

Uyc = v=pnc—[a(1-6,)+(1-a)(1-06))]
[L(1+e&—ee)—L;] - jte’.
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Consumers choose effort e to maximize their expected util-
ity. Therefore,

[a(1-06,)+(1-a)1-0))]Le
. .

enc

Using the above expression, we calculate the threshold &
beyond which the consumer uses the product with full care

(e=1):
T

[a(1-6,)+(1-a)1-6)IL

Similarly, we can derive the expressions for &g and &y as

[ap+(1-a)1-p)lt
[ap(1-0,)+(1-a)1-p)1-6)IL’
. la(l-p)+ (A -a)p]c
YT a(1-p)1-6,) +(1—-a)p(1-6)IL’

=

&g =

Given a(l — p)/(a(l = p) + (1 — @)p) < a < ap/(ap +
(1-a)1-p)), we get

Eng < E<&s.

Similar to the case of discrete effort levels described above,
we can calculate the expected profits 7. for the certification
equilibrium and the profits m if the firm deviates to not
seeking certification as

ne = lap+(1-a)(1-p)lps+[a(l-p)+(1-a)plpys
—[a(1-6,)+(1—a)1-6)ILf -k,
np = pns — (1= 0,) +(1-a)(1-0))]L;.

Therefore, in a PBE the firm seeks certification if

k<lap+(1-a)1-p)](ps—pns)

where pg and pys are equilibrium prices set by the firm cor-
responding to granted and denied certification outcomes.
The firm sets these prices taking consumers’ equilibrium
beliefs and their corresponding utility maximizing effort into
account.

[ap(1-6,)+(1-a)1-p)1-0)]
ap+-a)i-p)

1
L(1+e—¢eg) - Efeg,

pPs =0—

_[a=p)1-0)+(1-a)p(-6)]
Pns =0V =
i al=p)+(1-a)p
1
L1+ €& —eeyg) — 5’5312\15/

where e5 = ([ap(1-6,) + (1 —a)1 - p)(1 - 9)]Le)/([ap +
(I-a)(1-p)]7)if e < &g, and 1 otherwise; and eyg = ([a(1—p)-
(1-6,)+(1-a)p(1-0)ILe)/([a(1-p) + (L-a)plr) i e < Exs,
and 1 otherwise.

If k, is the maximum cost for which the certification equi-
librium exists, k; first increases and then decreases with ¢ if
€ < Eys, decreases with ¢ if &g < € < &g, and does not depend
on ¢ if € > &;. The proof for the complement case proceeds in
exactly the same manner as above and is therefore omitted.

Alternative Product Liability Assignment Rules
Since the proofs for different product liability assignment
rules proceed in exactly the same manner as the proofs for
Propositions 2 and 3 presented above, we only summarize
the main results here.

(1) Strict Liability. First, consider that safety and effort are
substitutes. The thresholds &y, & and &g for the substitutes
case defined above in Section 3.1 are given by

s = klap+(1-a)1-p)]

* 7 Llap(1-6,)+(1-a)1-p)(1-6)]
K

" Lla(l-0,)+1-a)1-06)]

- kla(l-p)+(1-a)p]

NS T Lla(l-p)1-6,)+(1-a)p(1-0)]

Given a(l — p)/(a(l —p) + (1 - a)p) < a < ap/(ap +
(1-a)1-p)), weget &yg <& <&

The firm’s certification incentives are higher compared to
the case without consumer moral hazard.

If k, is the maximum cost for which the certification equi-
librium exists, given safety and effort are substitutes

a(l-a)2p-1)(0, - 0))L,
a(l-p)+(1-a)p

Ok, _ | ~Llap(1-6,)+(1-a)(1-p)(1-6)] <0
de

>0 ife<éyg,

if Eyg<e< &,
0 if € > &g.

Next, consider that safety and effort are complements.
Thresholds éys, €, and &5 for the complements case defined
in Section 3.2 are given by

: klap+ (1 -a)1-p)]
57 Lfap6,+(1-a)1-p)6,]
A K

T L[aB,+(1-a)6,]

— kla(l-p)+(1-a)p]
N7 Lla(1-p)6, +(1-a)p6;]’

Given a(l-p)/(a(l-p)+(Q-a)p) <a<ap/lap+ (1 -
a)(1-p)), we get &g < & < éys.

The firm’s certification incentives are lower compared to
the case without consumer moral hazard.

If k, is the maximum cost for which the certification equi-
librium exists, given safety and effort are complements

_0[(1 - 0‘)(2P - 1)(911 - 6l)Lc
al-p)+(1-a)p
L (ap+(1-a)1-p)la(l-p)0,+(1-a)p0,]

‘ a(l-p)+(1-a)p
+Leap0, +(1-a)1-p)0)]>0 if &g <e<éyg,

<0 iffﬁés,

o
de

0 if € > éys.

(2) Contributory Negligence. If safety and effort are substi-
tutes, the thresholds &y, &, and &5 are given by
klap+(1-a)(1-pl-[ap(-6,)+(1-a)1-p)1-6)IL,

[ap(1=6,) +(1-a)1-p)1-6)IL ’

&s
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k=[a(l-6,)+(1-a)1-06))]Ls
[a1-6,)+(1-a)1-6)IL °

_ kla(-p)+(A-a)p]-[a(l-p)1-0,)+ (1 -a)p(1-0)]L;
o [a(1-p)1-0,)+(1-a)p(1-6)]IL '

=

™

Given a(l — p)/(a(l —p) + (1 - a)p) < a < ap/(ap +
(1-a)1-p)), we get Eyg <& < &s.

The firm’s certification incentives are higher compared to
the case without consumer moral hazard.

If k, is the maximum cost for which the certification equi-
librium exists, given safety and effort are substitutes

a(l-a)2p-1)(6, - 6))L,

9 a(l-p)+(1-a)p
a; ={-Llap(1-6,)+(1-a)1-p)(1-06))]<0

>0 if e <é&ys,

if Eyg <e<ég,
0 if e > &g.

Next, consider that safety and effort are complements. The
thresholds &y, é, and &g are given by

klap+(1-a)(1-p)]-[ap(1-6,)+(1-a)1-p)(1-06))]L;

£ = [ap6y + (1 —a)(1— p)O,IL
K- [a(1-6,)+(1—a)1-06))]L,
£= [@6, + (1 - 2)6,]L ’
L _sla=p)+(-a)pl-[all=p)1-6)+ (- a)p(1-O)IL,
NS = .

[a(1-p)0, +(1-a)p0)]L

Given a(l - p)/(a(l —p) + (1 - a)p) < a < ap/(ap +
(1-a)1-p)), we get &g < & < éys.

Also, the firm'’s certification incentives are lower compared
to the case without consumer moral hazard.

If k, is the maximum cost for which the certification equi-
librium exists, it is straightforward to show that

_ a(l-a)(2p-1)(6, - 6,)L

a(l-p)+(1-a)p
ok, | (ap+(1-a)1-p))a(l-p)0,+(1-a)p0,] >0
de a(l-p)+(1-a)p

<0 ife<é,

ifés<€SéNs,

0 if € > éyg.

When the Certification Decision Can Be

Inferred from Prices

Consider the basic model described in Section 2, and assume
that the consumers’ valuation for the product is low enough
(0 <((a(1-p)(1-6,) +(1-a)p(1-6)/(a(l-p) +(1-a)p))L)
that if the firm is denied certification along the equilibrium
path, the firm finds selling at price pys unprofitable. The
above condition ensures that in the case when the firm is
denied certification, it does not sell to consumers even if
consumers believe the firm deviated to not seeking certifica-
tion. However, the valuation is large enough (v > ([a(1 - p) -
1-6)+1-apd - 0L - [al - a)2p - 1) -
(6, — 0)ILp)/(a(1 - p) + (1 - a)p)) that the firm is willing to
sell to consumers at the same price if it deviates to not seek-
ing certification. Therefore, if the consumers observe the firm

selling the product at price pys, they rationally infer that the
firm deviated to not seeking certification.

Consider the candidate equilibrium in which the firm
seeks certification. The firm sets price p; if it is granted certi-
fication and py + € if it is denied certification. If consumers
observe the seal and the associated price ps, they buy the
product. However, if they do not observe the seal and they
see a price higher than pys, they do not buy the product.
Therefore, the firm’s expected profits for certification equi-
librium can be written as

me = [ap+(1-a)(1-p)lps
—[ap(1-6,)+(1-a)1-p)1-6)IL;—k.
The firm is willing to sell at price pys if it deviates to not
seeking certification. The consumers believe that the firm did
not seek certification. If the firm deviates to not seeking cer-

tification and sets price at pys, the profits of the firm are
given by

mp =pns —[a(1-6,) + (1 —-a)(1-6))]L;.
Therefore, in a PBE the firm seeks certification only if

a(1-a)2p ~1)(6, = )L,
=g iy ~la=p)+(-aplo

+[a(l-p)(1-6,)+(1-a)p(1-6))]L.

k <

In this case, an additional incentive for certification is cre-
ated because of the firm’s option of not selling the product
when the firm is denied certification.

Now, we consider the presence of consumer moral haz-
ard starting with the substitutes case. Since the proof fol-
lows the same strategy as the one presented above, we only
summarize the main findings here. The result about addi-
tional incentives due to the option of not selling the product
when the firm is denied certification continues to hold in the
model with consumer moral hazard as well. A comparison
of m and 7y, in different ranges of the effectiveness ¢ of con-
sumers’ effort reveals a nonmonotonic effect of € on the firm'’s
incentives to seek certification. The incentive for certification
first increases (if ¢ < &yg), then decreases (if &yg < € < &),
and finally remains unchanged (if ¢ > &) with increase in ¢.
Therefore, results presented in Section 3.1 are robust to this
extension.

If safety and effort are complements, the presence of moral
hazard acts to reduce the firm’s incentive to seek certifica-
tion. However, the option of not selling the product when
the firm is denied certification creates incentives for certifi-
cation. The firm’s incentive to seek certification changes non-
monotonically with ¢ as described in Proposition 4 unless
the probability with which the firm is denied certification is
sufficiently large. In this case, the incentive for certification
increases with ¢ in its entire range.

Endnotes

1For example, an NSF International study conducted in 2013 found
that 44% of consumers prefer products that are independently tested
and certified.

2For example, even if the court requires the firm to compensate for all
proven physical losses, consumers may still suffer from pain/trauma
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and the burden of legal fees. Under the American Rule, which is the
default rule controlling assessment of attorney’s fees in the United
States, each party pays its own legal fees.

3In related work, Polinsky and Rogerson (1983) investigates how the
optimal liability rules depend on the market power of the sellers
when consumers underestimate the losses from the accident.

4There is also a literature on disclosure in the context of distribution
relationships. For example, Guo (2009) examines a manufacturer’s
choice of quality disclosure format between direct disclosure to con-
sumers and indirect disclosure through downstream retailers in a
distribution channel. Sun (2015) examines the effect of the channel
structure on the manufacturer’s incentive to disclose product-match
information to the consumers.

Note that if p < 0.5, the firm would be better off without a certi-
fication sticker and therefore would always choose no certification.
If p =0.5, consumers would ignore the certification outcome. There-
fore, the relevant case for our analysis is p > 0.5, which ensures that
the certification provides an informative signal of safety.

61t is important to note that in the intermediate range, the con-
sumers equilibrium beliefs A is consistent with the firm’s certification
decision.

7 A mixed strategy equilibrium also exists (as derived in the appen-
dix) in the range where both certification and no certification equilib-
rium exists where the firm mixes between certification and no certifi-
cation. Consistent with intuition, in this equilibrium the probability
of choosing no certification is increasing in the cost k.

8Section 4.1 presents an extension of this model in which the effort
chosen by the consumer is continuous and where the cost of effort is
smoothly increasing and convex.

®Consumer effort and product safety may be independent as well.
However, in that case the equilibria are as in Proposition 1. This
is because the consumer’s choice of effort does not depend on her
beliefs about the firm type. Certification plays a role by changing
the beliefs of the consumer about the firm type. Since beliefs do not
affect the choice of consumer effort, the equilibrium does not depend
on the effort choice.

10Tn Section 4.2, we investigate other possible liability assignments
rules (both “strict liability” and “contributory negligence”) and show
that the results presented in the main model are robust to these
alternative liability assignment rules.

TAs an example, in the famous Liebeck v. McDonald’s Restaurants,
PTS., Inc. (No. D-202 CV-93-02419, 1995 WL 360309) case (also
known as “the hot coffee lawsuit”), the jury in its August 18, 1994,
verdict awarded Liebeck US$200,000 in compensatory damages but
then reduced it to US$160,000 using the law of comparative negli-
gence to reflect the 20% fault that was assessed of Liebeck in causing
the accident.

2http: //www.amazon.com/ fire-extinguisher /b /ref=dp_brw_link
?ie=UTF8&node=13400621, accessed September 26, 2015.
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