Misrepresentation of Credence Goods and Channel Design

Dinah Cohen-Vernik * Pinar Yildirim | Vikas Mittal

January 10, 2015

Abstract

Credence goods are often delivered to consumers via a vertical channel where the true qual-
ity of the good is determined by a manufacturer (an upstream channel member), while con-
sumers’ quality perceptions are driven by the observable signals of quality sent by a retailer
(a downstream channel member). We study product misrepresentation in a vertical channel
with asymmetric information about true product quality and focus on conditions that incen-
tivize downstream channel members to misrepresent product quality to consumers. We develop a
model with credulous consumers who rely on seller signals of quality to determine their expected
utility from consumption of goods. The model shows that product misrepresentation rises as
an equilibrium outcome due to actions of both the manufacturer and the retailer. We suggest
that channel design can be a mechanism mitigating the level of misrepresentation. Specifically,
adding more retailers in a channel can reduce the extent of misconduct and can increase the

profits of the channel members.
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1 Introduction

When buying a complex financial investment product (Inderst and Ottaviani, 2012a; Brown and
Minor, 2012), deciding whether to undergo a surgery, or approving a mechanic’s choice of an
auto part for replacement (Wolinsky, 1993; Emons, 1997), consumers usually lack the necessary
expertise to fully assess the quality of the product or service they are receiving. Such goods for
which consumers cannot assess the value of the attributes with certainty are referred to as “credence
goods” (Darby and Karni, 1973; Wolinsky, 1993). Credence goods differ from other types of goods in
two ways. First, unlike experience goods, the true quality of a credence good may remain unknown
to consumers even after purchase and consumption. For instance, a patient is unlikely to assess
the true quality of a surgery she underwent, even after the surgery. Second, during the process of
purchasing a credence good, consumers may rely on observable signals and advice provided by sellers
due to their inability to assess product quality on their own. Sellers (i.e., retailers) typically have
the knowledge and expertise about the products they offer and can better judge the true quality of
a product relative to the consumer. For credence goods, therefore, retailers act not only as a point
of sale, but also as the information intermediary between a manufacturer and a consumer. As an
information intermediary, the retailer, in addition to providing the product or service itself, also
provides the information signal regarding the product’s quality. Thus, there exists an information
asymmetry between the seller and consumers. Crucially, the information asymmetry may result
in a moral hazard problem (Dulleck and Kerschbamer, 2006): An opportunistic seller may present
a low-quality product to consumers as a high-quality product to increase consumer’s willingness
to pay, or, may undersell a high-quality product to lower consumers’ expectations about product
quality.

Examples of misrepresentation abound. In retail, gourmet food products and healthcare prod-
ucts may sometimes be sold with deceptive labels’ (Martinez, 2009). Body care products that are
not truly organic, for instance, are misrepresented as “organic” (The Gourmet Retailer, 2012). The
National Health Care Anti-Fraud Association (NHCAA) estimates “tens of billions of dollars each
year are lost” due to health care providers selling unnecessary procedures (NHCAA, 2014). When

buying home-remodeling products such as windows and doors, consumers are frequently warned

'For example, in 2006-7, over 3.2 million liters of olive oil were sold in Italy via misrepresentation that it was

produced in Italy (versus packaged in Italy) and that it was pure extra virgin (versus a blend).



to beware of companies misrepresenting low-quality products as high-end and reliable ones.? In a
similar vein, one contributing factor to the financial crisis in 2008 was misrepresentation of invest-
ment quality and the risk associated with financial products by investment advisors (Inderst and
Ottaviani, 2012a).

Although misrepresentation affects manufacturers, retailers, and consumers at large, the con-
ditions which give rise to it are grossly understudied in marketing. This paper addresses the issue
of misrepresentation of credence goods in a vertical distribution channel, focusing on several im-
portant questions: First, what are the conditions that promote misrepresentation behavior among
partners in a vertical channel? Specifically, does misrepresentation always arise due to the fault of
one party, or is it a joint outcome emanating from a double moral hazard present in the channel?
Second, how does the the manufacturer’s choice of channel design affect the retailer’s incentives for
misrepresentation of the product’s true quality? Specifically, are there any incentives for a manu-
facturer to choose an exclusive versus non-exclusive distribution channel to mitigate moral hazard?
Third, and finally, how does the attribution of blame for quality problems to retailer influence the
retailer’s incentives to misrepresent product quality?

We address these questions by developing a stylized model of a vertical channel where the
manufacturer sells its product via one or more retailers. The manufacturer can produce either a
high or a low-quality product, and the retailers examine it in order to form their beliefs about
product quality. Depending on the outcome of this examination and the wholesale prices set
by the manufacturer, the retailers then decide whether or not to misrepresent product quality.
Consumers make their purchase decisions based on the product quality signaled by the retailers
and the retail prices. Following the tradition of papers analyzing credence goods (Kartik et al.,
2007), the consumers in our model recognize the incentives of the sellers to misrepresent products;
however, since consumers are unable to detect if a seller is truthful or not, they act credulously. If
the product fails, consumers punish their source of quality perceptions, the retailer.

Our investigation provides several counter-intuitive, but theoretically relevant insights. First,
instances of misrepresentation arise as a joint outcome of the decisions made by the retailers and
manufacturers. Although retailers have full control on influencing consumer perceptions of quality,

the manufacturer may also benefit when retailers misrepresents the quality of his product. As a re-

2See http : //web.aces.uiuc.edu/vista/pdf pubs/RPRFRAUD.PDF, accessed on 4-1-2014.



sult, the manufacturer may make quality and pricing choices to encourage misrepresentation by the
retailer. Second, many manufacturers believe that vertically integrating retailers is the only strat-
egy available to reduce misrepresentation (Minder, 2014). Our model compares the single retailer
and multiple retailer scenarios to ascertain their effect on the extent of product misrepresentation
in the marketplace. The findings propose an alternative mechanism: Having multiple retailers can
mitigate strategic misrepresentation of product quality. This is due to a market correcting effect
of partnering with multiple downstream players: consumers’ ability to compare quality signals
from multiple retailers helps them to update beliefs about the true quality of a product. For a
high quality manufacturer, increasing the credibility of the quality signals eliminates part of the
informational inefficiencies present in credence goods markets. This, in return, may help channel
members to improve their profits. Thus, contrary to lay intuition, increasing the number of retailers
may, in some cases, increase the total profitability across retailers despite enhanced competition.

The extensions of a benchmark model provide some additional insights. First, we show that
misrepresentation rises regardless of who gets blamed: A proportional distribution of blame of
quality problems to the retailers and the manufacturer does not eliminate this outcome. Second, the
assumption of credulity is relaxed to examine the impact of consumer skepticism on the incentives to
misrepresent and the channel profits. One might think that if consumers can recognize and account
for retailers’ incentives to misrepresent a low-quality product as being a high-quality product, the
extent of such misrepresentation will be reduced. However, we demonstrate that this is not always
the case; in fact, the overall effect of consumer skepticism depends on how low the product quality
is. Third, we allow the retailer representation of quality to be fully strategic by eliminating any
unintended misrepresentation outcomes. Even though in this case the retailer openly misleads
consumers, misrepresentation — surprisingly — is not fully eliminated.

Although the literature on misrepresentation dates back to the 1970s (Akerlof, 1970), to our
knowledge, this is the first paper in marketing to examine the relationship between misrepresen-
tation and channel structure using an analytical modeling framework. Misrepresentation received
heightened attention following the 2008 financial crisis (e.g., Inderst and Ottaviani (2012b), Brown
and Minor (2012), Inderst and Ottaviani (2013)). Inderst and Ottaviani (2012a) consider costless
communication between sellers and credulous buyers in tradition with cheap-talk models (Crawford

and Sobel (1982)). These authors find that refund policies can discipline an opportunistic seller. In



Mishra et al. (1998), the information asymmetry between sellers and buyers is explicitly considered
in selling environments. Using data from service managers in the automotive industry, the authors
confirm that institutional differences among retail outlets change the extent to which consumers
suffer from moral hazard. The study provides a comprehensive summary of factors impacting seller
moral hazard including local vs. national store ownership, number of employees, seller compensa-
tion and company culture but does not focus on channel design as a factor moderating the extent
of moral hazard. We contribute to these earlier studies in several ways. First, whereas most of the
earlier models focus on the seller and consumer relationship, we bring attention to the potential
conflict between the manufacturer’s and retailer’s incentives to misrepresent to consumers in a ver-
tical channel design. Thus, our model considers manufacturers, retailers, and consumers as opposed
to only a seller (manufacturer or retailer) and consumers. In our model, the manufacturer has the
power to set product quality, whereas the seller has the power to shape customers’ beliefs about
quality. Further, in our model signals sent can have costly consequences for consumers, sellers, and
manufacturers, whereas most earlier papers assume no direct cost of misrepresentation. Our study
therefore extends and complements the findings of these earlier works.

Our work also contributes to the literature concerning customer satisfaction (Oliver, 1997) and
customer attribution of failure (Zeithaml (1988); Folkes (1988); Tsiros et al. (2004); Johnson and
Folkes (2007)). Most of the earlier works on customer satisfaction make an assumption that setting
customer expectations low will always be beneficial for profits because it should lead to higher
customer satisfaction (performance exceeds customer expectations). We theoretically identify situ-
ations when the opposite effect might occur: selling a high-quality product under the guise of lower
quality can decrease the profits of channel members.

Further, behavioral theorists have examined failure attribution processes by consumers (Tsiros
et al., 2004; Folkes et al., 1987), yet they do not consider the strategic implications of this attribution
for both manufacturers and sellers. In this paper we study how the attribution of blame for product
failure is distributed between the manufacturer and retailers, and how this distribution affects their
strategies and profits. Similarly, there is a large body of empirical research examining the nature of
redress (after the product failure occurred) that consumers may seek based on failure attributions
(Smith et al., 1999; Francken, 1983). These studies mainly focus on strategies for management

of post-purchase consumer dissatisfaction, but do not attempt to address the source of discontent



based on channel relationship conflicts.

Finally, our study contributes to the B2B literature on channel design (McGuire and Staelin
(1983)), and on aligning manufacturer and retailer incentives (e.g. Jeuland and Shugan (1983);
Coughlan (1985); Eliashberg and Jeuland (1986); Moorthy (1988); Purohit and Staelin (1994); Lee
and Staelin (1997); Kim and Staelin (1999)). Most B2B relationships - especially those between
manufacturers and retailers - are based on the exchange of credence goods (Jacques (2007), Grewal
and Lilien (2012)) and misrepresentation is a common reason for conflict in B2B relationships
(Phillips, 1974). Three studies that are closely linked to ours are Chu and Desai (1995) and Mishra
et al. (1998). In Chu and Desai (1995), authors focus on manufacturer incentives to retailers in the
form of customer satisfaction assistance and consumer-satisfaction-index bonus to ensure positive
customer outcomes, namely their satisfaction with the product. Similarly, Hauser et al. (1994)
examines how firms can design incentive systems to improve customer satisfaction. Consistent
with the spirit of these studies, we assume that consumer dissatisfaction with the product quality
and the misrepresentation can have costly consequences for the channel members. Using this
assumption, we examine how manufacturers can use channel design as a tool to mitigate quality
misrepresentation.

The rest of the article is organized as follows. In Section ?? we review the relevant literature
to situate our model. Section 2 develops the model and in Section 3 we compare a design with
single and multiple retailers in a channel; we also examine issues related to consumer welfare. In
Section 4 we extend our model in several directions: we consider a scenario when the upstream
member offers a menu of prices, we analyze the cases when only one of the channel members is
punished by the consumer for misleading, and relax some of the assumptions we make in Section 2.

Finally, we develop some managerial implications and conclude in Section 5.

2 Model

Consider a channel where several downstream firms are selling the product to consumers. They
obtain the product from an upstream monopolist. We will call the downstream firms the “retail-

ers”, and the upstream firm the “manufacturer” and refer to the retailers with ‘she’ and to the

manufacturer with ‘he’ to help the reader follow our exposition.



The manufacturer (denoted with M) can choose to distribute the product via one or several
retailers. The number of downstream channel members is the comparative statics parameter in our
paper: we first present a benchmark model where there is a single retailer (denoted with R) selling a
product to consumers. Within the single retailer framework, we determine the equilibrium product
quality and wholesale prices chosen by the manufacturer, as well as the product representation
strategies and retail prices set by the retailer. Subsequently, we consider a dual retailer distribution
channel design, where manufacturer sells its product via two retailers (denoted by R; and Ra
respectively). We compare the manufacturer’s profits and equilibrium strategies in the two channel

designs, as well as the retailer’s choice of quality representation strategy.

2.1 The Manufacturer

There are two distinct decisions that the manufacturer makes. First, the manufacturer sets the
quality of the product (¢as) by choosing from two predetermined levels of quality: high (H) or low
(L). Second, he sets the wholesale price of the product, w. The difference between quality levels is
that the low-quality product can fail (after the purchase) with probability r, while the high-quality
product never fails. Additionally, the manufacturer faces higher marginal cost of production (cg)
for a high-quality product than when he produces a low-quality product at a cost cr: cp < cpr.
We assume that the product quality is manufacturer’s private information and cannot be ob-
served by either retailers or consumers. Further, we assume that the failure rate of a low-quality
product, 7, is common knowledge, while production costs c¢; and cy are unknown to retailers or

consumers.

2.2 The Retailers

Consistent with the notion of credence goods (e.g., Emons (1997)) consumers cannot judge the
quality of the product on their own. That is why there is a need for retailers in the market: not
only do the retailers serve as a point of sale, but they also signal product quality to consumers.
Since the true product quality is manufacturer’s private information, the retailer must first examine
the product to form her opinion about its quality before the retailer can signal the product quality
to consumers. For example, the retailer’s examination may rely on experts or on product reviews, or

retailer may run tests to form an opinion about product quality. The outcome of this examination



depends on the actual product quality, ¢as, as well as on the precision of the examination technology.
Let q; € {H, L} denote the retailer’s opinion about product quality formed as a result of product
examination. Let v € (0.5,1) represent the precision of the product examination process, where

is defined as follows:
v = P(qt = Hlqu = H) = P(¢t = Llqn = L), (1)

Definition (1) suggests that the retailer has imperfect ability to detect the true quality of the
product, which means that with probability (1 — v) she will believe the product is of high quality
whereas the true product quality is low and vice versa.> We assume v > 0.5 so that a retailer can
use the examination technology credibly. Furthermore, we assume that ~ is common knowledge.

Upon product examination, the retailer sends a quality signal qg € {L,H} to consumers.
Retailer’s signal can match or differ from her opinion on the product quality. We refer to the
quality signal qr sent to consumers conditional on the retailer’s opinion ¢, as the “representation

strategy” of the retailer. There are four possible representation strategies:

(1) “Truthful” (T'): send a high (low) quality signal for a product whenever retailer believes it is

of high (low) quality, i.e., gr = q;

(2) “Overselling” (O): send a high quality signal regardless of the opinion on the product quality,

i.e., qg = H for both ¢4 = H and ¢ = L;

(3) “Underselling” (U): send a low quality signal regardless of the opinion on the product quality,

i.e., qr = L for both ¢ = H and ¢; = L;

(4) “Mismatching” (M M): send a high (low) quality signal for a product that retailer believes

is of low (high) quality, i.e., qr # ¢.

Following the quality signal choice, retailer sets her price p to maximize the expected profit
conditional on ¢; and ggr. In a dual retailer channel, the retailers examine the product quality

independently and announce their retail prices to consumers simultaneously.

3In Section 4.3 we consider a special case where retailer’s examination technology is perfect (v =1). In this case,
the retailer knows the true product quality after evaluating the product. We provide insights into how this perfect

information about product quality affects the retailer’s incentive to misrepresent the low-quality product.



2.3 Consumers

Consumers purchase at most one unit of the product with a goal to maximize their utility. They are
heterogeneous with respect to how much utility they derive from consuming the product when they
face no product failure. This valuation parameter is denoted by v, and we assume that v ~ U|0, 1].
Consumers derive zero utility from a product that fails.

Due to the credence nature of the product, consumers cannot determine the true quality of a
product (gas) on their own. In the absence of any information about production costs and wholesale
price, they cannot use the retail price to infer the true product quality either. In the benchmark
model we assume that consumers are credulous: they completely rely on the retailer signal to infer
product quality, i.e., they believe that the retailer is always truthful and that gz = ¢;. In Section
4.2, we consider a scenario where some consumers are non-credulous and discount retailer’s signal,
considering the possibility of strategic misrepresentation.

In the absence of any information, consumers would have to assume that a product is equally
likely to be of high or low quality, hence their prior belief about the probability of product failure
is 5. However, conditional on the observed signal gr and the precision of the retailer’s examination
technology ~ they update their belief about the failure probability. Let p; denote the probability
of failure conditional on observed signal gr = 7 in a single retailer channel. Let p;; denote the
same probability conditional on observed signals qr, = ¢ and qr, = j in a dual retailer channel.
Then the expected utility of a consumer from buying the product in a single retailer channel can

be formally expressed as
EU' = EU(v,plgr = i) = v(1 — p;) = p, i € {L, H}, (2)
and that in a dual retailer channel can be expressed as
EU = EU(v,pilar, = i,qr, = j) = v(1 — pij) — pr, i € {L, H}, (3)
where pj is the price charged by retailer R;. All consumers with non negative expected utility
purchase the product.
2.4 Quality Misrepresentation and Reputation Damage

In this framework misrepresentation is defined as the deviation of the retailer’s signal qr from

retailer’s opinion on the product quality, ¢;. First, a retailer may choose to oversell the product



and send a high quality signal, gz = H when she believes the product quality is low, ¢ = L. Such
strategic misrepresentation by overselling creates a moral hazard problem between the retailer and
consumers. Second, if a retailer chooses to undersell the product, she presents the product as low
quality, qg = L, despite believing it is of high quality, ¢4 = H. This second type of strategic
misrepresentation creates a moral hazard problem between the retailer and manufacturer.

With credence goods the true product quality may remain unknown to consumers even post-
purchase. We assume that whenever the consumers discover that the true product quality qps
differs from the quality signal gr sent by the retailer, the retailer faces a reputation damage of
7 > 0 because consumers cannot tell whether the retailer strategically misrepresented her opinion
about the product quality or was truthful but made an error while examining the product. Since
we consider a single-period game, we use this reputation damage (cost) parameter to quantify
the cumulative negative future effect on retailer’s profits caused by diminished reputation. For
example, this damage can come from the fact that some consumers will stop buying from this
retailer altogether, or will sue the retailer for misrepresentation, or will no longer completely trust
the retailer’s quality signal.

In our model, the only situation where consumers learn the true product quality is when the
product fails post-purchase, revealing that it is of low quality, ¢p; = L. If the product they have
purchased never fails, consumers cannot determine whether the product is of high quality or low
quality and happened not to fail. Hence it is only when consumers purchase a product accompanied
by a high quality signal gg = H and observe product failure post-purchase, the retailer experiences
reputation damage 7. On the other hand, if the retailer sells the product accompanied by low
quality signal gz = L and such product fails, no reputation damage is incurred by the retailer since
the revealed product quality corresponds to the retailer’s signal. Thus when making her decision
about whether to send a high or low quality signal to consumers, the retailer evaluates the trade-off
between the expected reputation damage and the gain in profits from selling the product with a
high quality signal and a higher price.

We assume that reputation damage 7 is unknown to consumers but is common knowledge
for manufacturer and retailers. In case of multiple retailers, they split the 7 reputation damage
proportional to their demand. In the benchmark model, we assume that the reputation damage is

only experienced by the retailers, but in Section 4.1, we consider a scenario where the manufacturer



also experiences reputation damage.

2.5 Timeline of the Game

Within each channel design - single or dual retailer channel - we solve for equilibria strategies in a

backward induction fashion. The timeline of the game is as follows:

1. The manufacturer chooses the product quality, gy € {H, L}, and then determines the whole-

sale price (w) (consecutively).

2. The retailer examines the product and forms an opinion ¢; about its quality. Conditional
on this opinion, she sets the quality signal to be sent to consumers: g € {H, L}, and then
determines the retail price. In a dual retailer channel, the two retailers conduct their product
examination independently and announce their signals and prices to consumers simultane-

ously.

3. Consumers observe the quality signal(s) from the retailer(s), update their beliefs about prod-
uct failure probability conditional on the signal(s), and calculate the expected utility from

consuming the product. Consumers with non-negative expected utility purchase the product.

4. Consumers consume the product and receive utility. If the true product quality is low, then
with probability r it fails. If the failed product was represented to consumers as a high-quality

product, then retailer(s) faces a total reputation damage equal to 7.

3 Analysis

We start our analysis with a benchmark model where the manufacturer distributes the product
via a single retailer. We then proceed with the analysis of a dual retailer channel and compare
the equilibrium outcomes in order to investigate the impact of the channel design on the strategy

choice incentives of the upstream and downstream channel members.

3.1 Benchmark Model: Single Retailer Channel Design

Consider a single retailer R who sells the product of a manufacturer M. To deliver the key messages

of our paper, we will focus on the behavior of the credulous consumers with reputation damage
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incurred by the downstream member only. In Section 4 we show that the key results obtained
in the benchmark model hold even when channel members share reputation costs (Section 4.1) or
when consumers are non-credulous (Section 4.2).

We solve the game in a backward induction fashion, starting with the consumers’ decision to
purchase the product. First, consumers need to update the product failure probability. Recall that
credulous consumers believe that ¢¢ = qr. Thus when consumers observe a high quality signal,

their updated product failure probability is equal to
pr = P(failurelqr = H) =rP(qy = Llgs = H) = r(1 — 7).

By the same token, when consumers observe a low quality signal, their updated probability of

product failure is calculated as
pr = P(failurelqr = L) = rP(qy = Llg: = L) = r7.

Since v > 0.5, the updated beliefs about the product failure conditional on retailer’s signal are
pu < 5 < pr, where 5 is the consumers’ prior product failure belief. Notice that the assumption of
credulity does not prevent consumers from recognizing the possibility that the product accompanied
by a high quality signal might fail.

Second, consumers need to compute their expected utility from product purchase. Substituting
probabilities py and pr into consumers’ utility function given in Equation (2), we obtain the
valuation of the marginal consumer who is indifferent between buying and not buying the product

for each quality signal sent by the retailer:

N
1—=r(l-=19)
b
1—ry

v (p) = if g = H, (4)

vr(p) = if gr = L.

Conditional on the signal she sends, the retailer faces a demand of (1 — vg(p)) or (1 —vr(p)).
To determine the expected profit for each quality signal qr the retailer can send, she considers all
possible combinations of unobservable true product quality, gys, and her opinion on it, g;.

If the retailer’s opinion about product quality is ¢¢ = H, she knows that with probability ~
she is correct in her assessment and there is zero risk of product failure and reputation damage if

she sends a high quality signal gz = H. With the remaining probability (1 — +), the opinion ¢ is
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incorrect, in which case a product failure can happen with probability . In the latter case, the
retailer’s reputation will suffer if she sends a high quality signal. Conditional on the opinion ¢; = H,
the retailer’s expected profits from setting her quality signal for the product to be qr € {L, H} is:

Pt () (I —vu@)(p—w)— (1 —7)rr, ifqr=H )

(I —wr(p))(p —w), if gr = L,
where (1 —)r is the expected reputation damage if the product fails following high quality signal
sent by the retailer.

If the retailer’s examination technology suggests that the product is of low quality (¢ = L),
then with probability + this opinion is correct and the product will fail with probability =, in which
case retailer will experience a damage to her reputation if she misrepresents the product quality by
setting qp = H. If she sends a low quality signal qgr = L, she will not experience any reputation
damage. Therefore, conditional on her opinion ¢; = L, retailer’s expected profits from setting her
quality signal for the product to be qr € {H, L} is:

P9nk () (1= va@)(p—w)—yrr  ifqr=H .

(1 —=wvr(p))(p—w) if gr = L.
Equations (5) and (6) together allow us to derive the conditions for the retailer to follow one
of the strategies outlined earlier: Being Truthful, Overselling, Underselling, and Mismatching. The
following lemma lists retailer’s optimal product representation strategy conditional on the value of

reputation damage 7.

Lemma 1. In a single retailer channel, the retailer is

(1) Overselling: always sends quality signal qr = H if 7 < 1, (w) = E(Tw’
(2) Underselling: always sends quality signal qg = L if 7 > g (w) = (51(1”7)), and
(8) Truthful: sends quality signal qr = q; otherwise;
) (1—r— w242 (1 —
where {(w) = @ i()l(iw:)(f_ai%(:) 7)). Moreover, a Mismatching strategy is never optimal.
Proof. All the proofs are relegated to the Appendix. O

12



Lemma 1 addresses a key research question: Under what conditions will a retailer follow truthful
quality representation strategy? The lemma suggests that a truthful representation will only exist if
the reputation damage is medium. A low reputation damage incentivizes moral hazard as the seller
is willing to take the risk of overselling and deceiving the consumer. As the reputation damage
increases past 77 (w), it initially disciplines the retailer to act truthfully. But as the reputation
damage further increases (7 > 7g(w)), the uncertainty about the true quality of the product in
combination with high possible reputation damage forces the retailer to lower its own liability by

always underselling the product.

Observation 1. The thresholds Tr,(w), T (w) of reputation cost which eliminate misrepresentation

decrease in w (see Figure 1).

Figure 1: Thresholds 7,7y vs. w at v = 0.8, = 0.7.

An important observation pertains to the fact that the threshold values of 7 which dictate the
strategy of the downstream partner in a sales channel is a decreasing function of the upstream part-

ner’s price. As w increases, the room for overselling and truthful strategies narrows. Specifically,

when w > \/ (1 —~)yr?2 —r + 1, the retailer always undersells in order to protect herself from any
potential losses from reputation damage.

More importantly, the relationship between the reputation cost thresholds and w show that the
amount of misrepresentation in the market is, in part, determined by the manufacturer and how
much leeway he gives in profits to the retailer to correct for loss from reputation damage. Stated

differently, the amount of consumer deception in retail channel is determined by joint decisions of
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the upstream and downstream partners, i.e., manufactureres and retailers. To extend this insight,
in Section 4.3, we analyze the case where the retailer can perfectly assess product quality (y = 1),
therefore she is fully strategic in introducing fraud in the market. In this case, the manufacturer
can make choices to eliminate retailer fraud, but the analysis shows that the manufacturer still
makes choices which allow products to be sold under the false premises of having higher quality
than they really do.

Further, the manufacturer faces a trade-off. On the one hand, he can decrease prices slightly,
through which he can encourage the retailer to better communicate the quality of its product.
However, by doing so he limits his profit margins. This would imply that some products which
are of high quality (and are believed to be of high quality by the sellers) are consistently presented
to consumers as low-quality products, to provide an insurance for the retailer against possible
reputation damage. A manufacturer with high and non-flexible prices is more likely to face a
problem of motivating the retailer to communicate product quality truthfully, when everything else
remains identical.

Following backward induction, we next investigate the equilibrium prices and quality set by
the manufacturer in an exclusive retail channel. The derivations yield* that the optimal wholesale

prices the manufacturer charges in the pure strategy equilibrium are:

B
(I—r+n)

1
’LUHT = §(CH +

1
) U)LT:*(CL—}—

; ) (7)

(1 =)
wi© = %(CH +1-Q—7)r) w= %(CL +1—(1—=9)r),

1 1
wHU:§(cH+1—’yr) wLU:§(cL+1—'y7“),

where n = 2ry(1 —~) and 8 =1 — 7+ r?(1 — v)y and w* denotes the wholesale price of product
with quality gay =i € {L, H} when retailer follows strategy j € {O,T,U}.

Equation set (7) shows why the retailer is unable to infer manufacturer’s quality from the whole-
sale prices: wholesale prices depend on the production cost ¢;,7 € {H, L} which is manufacturer’s
private information. Any observed value of wholesale price w can be associated with multiple values
of ¢;. By only observing one wholesale price w, the retailer cannot form an opinion about product

quality and must rely on the examination technology instead.

4See Proof of Lemma 2 for details.
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Lemma 2. In a single retailer channel, the manufacturer produces a high-quality product only if

he expects the retailer to follow strategy T and

T _ B [1—r+mn [ 1—n
cg<ct=—" (1 -/ —— ) +cpy )/ ————.
" (l—r—i-n)( 1—n > L 1—r+n

Lemma 2 suggests that the provision of a high-quality product into the marketplace relies on
two conditions to be met together. Not only should the cost of production be sufficiently attractive,
but the manufacturer must also trust that the representation will be truthful. A low production
cost alone is not sufficient for high-quality products to become available to consumers. In addition,
the manufacturer must trust his channel partner to fairly communicate the quality of his product
to the consumers. Lack of trust in a retail channel will result in consumers being served with low
quality products.

Next, using the functions w%, thresholds ¢! and 7;(w), we derive the equilibria strategies.’
Without loss of generality, to reduce the complexity of expressions, we set the production cost of
a low-quality product to zero (¢ = 0) for the rest of the analysis. Further, we focus on the pure
strategy equilibria (as depicted in Figure 2). Proposition 1 provides the conditions under which
strategic misrepresentation will rise as a pure strategy equilibrium outcome in a single retailer

distribution channel.

Proposition 1. In a single retailer channel,

(1) Manufacturer choosing to produce a low-quality product and retailer misrepresenting by un-

derselling is a unique equilibrium outcome if T > TIQU;

(2) Manufacturer choosing to produce a low-quality product and retailer misrepresenting by over-

o : TR - LO 3 6
selling is a unique equilibrium outcome if T < 7Y and r < =T

First, Proposition 1 confirms that when the manufacturer expects misrepresentation, he prefers
to make a low-quality product, as Lemma 1 already hinted. Since the manufacturer bears no
consequences for misrepresentation, it is never optimal for him to produce a high-quality product

knowing that the retailer will misrepresent by either under or overselling, as it only involves higher

S5For detailed description of equilibria, please see the Supplemental Materials, page 1.

5The closed form expressions for thresholds 7% and Tg are given in the Supplemental Materials, page 4.
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production cost but does not lead to any additional benefits on the demand side. In other words,
there is an equilibrium level of misrepresentation in the market which is jointly determined by the
retailer’s and the manufacturer’s preferences, as Wolinsky (1993) notes.

Further, the first part of Proposition 1 demonstrates that high reputation costs might be detri-
mental to the channel. When 7 > TfIU, the retailer is so cautious about avoiding reputation damage
that even if her examination determined the quality to be high (¢ = H), she still sends consumers a
low quality signal g = L. The expected reputation cost, if her opinion on quality is wrong, exceeds
the benefits from higher demand and profits associated with the high quality signal (¢qg = H). On
the other hand, expecting the retailer to undersell the product, the manufacturer prefers to pro-
duce a low-quality product, even when the production cost cg is small and the high-quality product
could lead to higher profits if the retailer were to represent it truthfully. As a result, consumers
miss out on enjoying a high-quality product.

The second part of Proposition 1 shows that strategic misrepresentation of a low-quality product
can be eliminated, regardless of the magnitude of reputation damage 7, if the probability of product
failure is high enough r > 57%1 Notice that this condition can only be satisfied for some r € (0, 1)
when v > 0.8; hence only when r and v are both sufficiently high, will the expected reputation
damage be high enough for the retailer to avoid misrepresenting low-quality product. In other
words, if a low-quality product has a high likelihood of failure, and the retailer is known to be able
to detect low quality with high precision, she will prefer not to oversell the product.

We next examine the link between strategic misrepresentation and profits. The following propo-
sition suggests that the preferences for strategic misrepresentation versus truthful representation

are not always aligned for the upstream and downstream members of the channel.

Proposition 2. In a single retailer channel,

(1) Both (H,T) and (L,0) are equilibrium outcomes if cy < c¢' and 7 € (77T 71O) . In this case,
the retailer earns higher profit in (H,T) outcome while the manufacturer earns higher profit

in (L,0) outcome:

LO* HT*

USYi >7TM LO

and wE0" < 7HT"

(2) (L,U) is the equilibrium outcome if 7 > 75V In this case, and if cy < ¢tV both the retailer

16



i
LU (L9 U)
TH
Mixed strategy equilibria
T L

TH HI \

S

AT Mixed strategy equilibria

Tw\

i (L‘» O)

Figure 2: Pure Strategy Equilibria in (7, cp) Space, Single-Retailer Channel.

and the manufacturer face a prisoner’s dilemma outcome:

otV < 7T ke {M,R}.

7 The first part of Proposition 2 demonstrates that there is a misalignment of preferences for the
representation strategy used by the upstream and downstream channel members. Notice that since
the manufacturer moves first, he will set product quality to low (¢py = L ), and wholesale price to
whO forcing the retailer to oversell the product. In this case, any dissatisfaction among consumers
due to product failure can be partly blamed on the manufacturer. It can be demonstrated that
aggregate consumer welfare would be higher if the manufacturer produced a high-quality product.
This finding re-iterates that a manufacturer’s choices play a significant role in the downstream
player’s decision to misrepresent the product.

The second part of Proposition 2 demonstrates that high reputation costs can be detrimental for
both the manufacturer and the retailer, even though only the retailer is directly punished by con-

sumers. When the cost of producing a high-quality product is sufficiently small, the manufacturer

"The closed-form expression for threshold ¢V is given in the proof of Proposition 2. 7% " is the profit of channel
member k € {M, R} when the manufacturer produces a product of quality ¢ € {H, L}, and the retailer follows
strategy j € {O,T,U}. wj\fl* is defined in proof of Lemma 2, and wg* is defined in proof of Proposition 2.
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and the retailer would benefit from offering a high-quality product with truthful representation.
Since the retailer’s examination technology is imperfect, she cautiously chooses to set consumer
expectations of quality low by underselling the product. In turn, it is not optimal for the man-
ufacturer to produce a high-quality product, and the less preferred (L,U) outcome rises as the
equilibrium.

Overall, the single-retailer analysis supports three conclusions. First, for the retailer to act
truthfully, the cost of reputation should be medium. Too high and too low reputation damage
incentivize the retailer to deviate from her own opinion on product quality when signalling it
to consumers, i.e., to misrepresent the product to consumers. Second, producing a high-quality
product requires conditions beyond profitability: the manufacturer must trust that the retailer will
truthfully communicate her opinion on quality to the consumers. Third, when reputation costs
are very high, consumer expectation about quality is set low by underselling. In this case, both
parties (retailers and manufacturers) face a prisoner’s dilemma outcome when production costs are
sufficiently low: Each party earns lower profits in the (L,0) outcome due to lack of channel trust

compared to an outcome of (H,T).

3.2 Dual Retailer Channel Design

In this section we incorporate multiple downstream partners. Specifically, the model assumes two
identical retailers with similar technologies of product quality assessment; i.e., the precision of
both retailers’ technologies is equal to v. We also assume that the retailers examine the quality
of the product independently, and each retailer forms an independent opinion about the product
quality as described by the set of equations (1). Further, upon product examination the retailers
simultaneously and independently decide what quality signals to send to consumers.

With two retailers in the marketplace, consumers observe signals from both retailers and update
their beliefs about the true quality of the product, and then decide whether to buy the product or
not depending on their expected utility. If they decide to buy, they buy a single unit from only one
of the two retailers.

Analyzing consumers’ ability to observe both retailers’ signals and to double check the credibility
of the signal provides two main insights. First, adding a second retailer to the channel who can

verify the product quality independently helps the high-quality manufacturer to convey the true
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quality of his product. If consumers observe both retailers signaling high quality, their updated
probability of product failure is reduced and the expected utility from buying the product is higher
than when consumers face an environment with a single retailer. Thus, both retailers can charge
higher prices. Formally represented, conditional on both retailers sending high quality signals, the
updated probability of product failure is smaller in a dual retailer channel:

- ; B I ¢ SO
prn = P{failurclan, = H.ap, = H} = (=53

r < (L=7)r=pu,
Similarly, conditional on both retailers sending low quality signal the product failure probability is
higher with two retailers:®
‘ v?
prr = P{failurelqr, = L,qr, = L} = mr > yr = pr.
When consumers observe conflicting retailer signals, they conclude that retailers have different
opinion on the product quality: ¢, = L,q, = H or ¢, = H,q, = L, which happens with

probability 2v(1—-). The conflicting signals are not informative to consumers because the updated

probability of product failure is equal to the prior:

pur = P{failure|lqr, = H,qr, = L} = puyr, = P{failurelqr, = H,qr, = L} = g

If both retailers follow a truthful representation strategy and obtain different signals in the
process of product examination, then retailer R; with Qip, = H would send a high quality signal
to consumers (qr, = H) and set a higher retail price, only to find no demand because consumers
would choose to buy from the retailer with the lower price. Indeed, since the products sold by the
two retailers are identical, consumers’ expected consumption utility is the same regardless of which

retailer they buy from (v (1 — %)), and it’s only the retail price that makes the overall expected

purchase utilities EUfj and EUéj different.? Therefore in a dual retailer environment, each retailer

8Remember that consumers in our model are credulous and believe that retailers’ signals are identical to their
opinions, i.e., ¢+ = gr. The total probability that two retailers independently observe the same quality signal is equal

to (1 — )% + 42 and is obtained as follows:

P(qip, = Gin,) = Plau = H) [P(q: = Hlgn = H)* + P(q = Llqn = H)*| +

(V+a-7*)+ % (=72 ++7).

N | =

P(qu = L) [P(qe = Hlqm = L)* + P(q: = Llgu = L)?] =

9In our model, the retailers represent a point of sale and serve an informational role by sending consumers signals
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may find it more attractive (as compared to single retailer case) to send a low quality signal. This
way, in case of any miscoordination of signals they can avoid facing zero demand.
The expected utility EU. ,ij from purchasing a product from retailer Ry, k € {1,2} when retailer

R, sends signal qr, = ¢ and retailer Ry sends signal qr, = j is:

BU 1 —7)?

HH 1— ( _

: ( (1=7)?+7? T) o &
LL v

FUF =1 ' —
k ( (1—19)? ,yzr) U= Pk

EUHL = pUHT = (1 - %) v —min{p1,pa},
EUHL = pUFT = (1 - %) v —maz{py,pa}-

Similar to the single retailer environment, we next solve for the best response functions of two
retailers, identify the threshold 7, (w) at which the reputation cost is high enough to enforce a
truthful strategy in equilibrium, and the threshold 7, (w) at which the reputation cost is high
enough to enforce an underselling strategy. Throughout this section, we use the subscript D to
denote an outcome in a dual retailer channel. We further derive the wholesale prices (denoted wg,
where i = {L,H},j = {O,T,U}), and finally derive the cost threshold (denoted by ch) which
defines the manufacturer’s choice of product quality.'®

The first question is whether changing the channel design by adding more downstream retailers
can provide a mechanism to reduce the extent of misrepresentation in the market. Increasing
the number of retailers may suggest that the temptation to misrepresent by overselling increases
because reputation damage is shared among a higher number of downstream members. However,
our analysis indicates that this is not the case. A lower reputation cost tolerance is present in
a dual retailer environment than in a single retailer channel: The maximum value of the overall
reputation damage 7 which a retailer can withstand to misrepresent a low-quality product is lower
in a multiple retailer environment than in a single retailer environment. Although the retailers share
reputation damage, they each are more sensitive to it, reducing their tendency to misrepresent.

Proposition 3 summarizes this relationship.

about product quality. We focus on this role and thus assume that consumer utility relies on the product rather
than service characteristics. This is why consumers obtain the same expected consumption utility from the product
regardless of which retailer they buy from. Hence all the consumers will choose to purchase the product at the lowest

price from the low quality signal retailer.
The detailed derivations are provided in the Supplemental Materials, page 5.
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Proposition 3. TBO < 79 Dual retailer channel design reduces the range of reputation damage

values T where (L,0) is an equilibrium outcome as compared to a single retailer environment.

Although a lower tolerance for reputation damage does not fully eliminate strategic misrepre-
sentation by overselling in a multiple retailer channel, it decreases the retailer’s tendency to send
a high quality signal for a low-quality product compared to a single retailer channel. Operating
with multiple retailers increases an individual retailer’s risk of facing no demand in case she sends
a high quality signal to the consumers. The fear of no demand provides an additional incentive for
retailer R; to follow truthful quality representation strategy and send a low quality signal qr, = L
upon observing Qtp, = L. As a result, the competition between the retailers in the downstream
part of the channel motivates them to not oversell the low-quality product. Thus the extent of
overselling can be reduced by adding multiple distributional outlets to the downstream part of the
supply chain.

Next we compare the manufacturer’s incentive to produce a high-quality product in single
and dual retailer environments. Proposition 4 demonstrates that the cost threshold at which the
manufacturer starts producing a low-quality product is higher when operating with two retailers;
in other words, the manufacturer has more leeway to produce a high-quality product. Partnering

with multiple downstream partners supports provision of higher quality goods.

Proposition 4. 671; > cI': Dual retailer channel design increases the range of manufacturing cost

values cg where (H,T) is an equilibrium outcome as compared to a single retailer environment.

For any cy € (¢!, cl)) and moderate values of 7 (i.e., such 7 that truthful strategy is optimal for

the retailer in either single or dual retailer channel), the manufacturer in a single retailer channel
would choose to produce a low-quality product whereas a manufacturer in a multiple retailer channel
would choose to produce a high-quality product. Put differently, in a multiple retailer channel, the
production of high quality products can be supported in equilibrium for higher cost margin cg
values than those in a single retailer environment. To see the intuition, recall that operating with
multiple retailers reduces the probability that a high-quality product will be mistakenly assessed
as a low-quality product. If retailers are truthful, the additional high quality signal in the market

leads to a higher demand because the probability of product failure is assessed (by consumers)
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to be lower. As a result, at the same production cost margin ¢z and fixed reputation damage T,
operating in a multiple-retailer channel may motivate the manufacturer to choose high over low
quality.

Finally, we compare the profits of the manufacturer in a single vs. dual retailer channel design.
Proposition 5 addresses whether reducing misrepresentation in a dual retailer channel can drive

manufacturer revenues higher.

Proposition 5. Adding a second retailer increases manufacturer’s profit when he produces a high-
quality product and retailers follow truthful strategy, and when he produces a low-quality product

and retailers misrepresent by overselling. Manufacturer’s profit decreases in other outcomes:

i < Wﬁg and 771%40 < 71']%4% ,

o > 771%/[7; and 7iV" > W]%/g) .

where the 773\]/[ (71'5\]4;) is the optimal manufacturer’s profit in a single (dual) retailer environment in

the outcome (i,j).

Proposition 5 allows us to reiterate a key point of our study. Compared to the single retailer
design, a dual retailer design allows the manufacturer to increase his profits in both situations: if
the retailer is truthful or if the retailer oversells. Importantly, if a manufacturer could trust his
downstream partner to act truthfully, he would benefit from operating with multiple retailers and
would obtain higher profits compared to operating with a single retailer. Following this insight, we

extend our model in several directions by relaxing key assumptions.

4 Extensions

In this section, we relax the assumptions of the benchmark model. First, we allow the upstream
member of the channel to share the reputation damage with the downstream member. Second,
we relax the assumption of consumer credulity and consider the environment where consumers are
skeptical about retailer’s quality signal and account for the possibility of retailer misrepresenting the
product quality. Finally, we analyze the environment where the retailer’s examination technology
is perfect (7 = 1). We will only detail the extensions in the context of a single retailer channel;

notably, the direction of change is similar when there are multiple retailers.
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4.1 Shared Reputation Damage

In this section we relax the assumption that the reputation damage is incurred only by the down-
stream member of the channel. Instead, we allow consumers to punish both members: the re-
tailer for misrepresenting and the manufacturer for offering a low-quality product. Let parameter
A € (0,1) quantify the proportion of blame the consumer places on the retailer. Then the manu-
facturer faces a reputation cost of (1 — \)7 and the retailer faces a cost of Ar.

When reputation damage is shared, the retailer’s expected profits from misrepresentation by

overselling strategy are as follows.

mhe(p) = Trs(qr = H,plgr = L) = (1 —vg(p))(p — w) — y77A, (9)

Thy (0) = Trs(ar = H,plg: = H) = (1 = v (p))(p — w) — (1 = 7)r7A,

where the subscript “S” denotes the outcomes in shared reputation damage scenario.

The retailer’s expected profits from sending a low quality signal (under either truthful or over-
selling strategies) are the same as in the benchmark model (see expressions (5)-(6)) as the retailer
does not incur the reputation damage when gg = L even if the product fails. Manufacturer’s
expected profits when he produces a low-quality product are also slightly different from those in
the benchmark model (given by expressions (A.9)). With shared reputation damage, these profits

are as follows:

mhf () = (w—er) (v = vpE ) + (1= )1 = on Gl ) = A= )r(1 =N, (10)
mh2(w) = (w = er)(1 — on () = (1 = N7,

Wf}é(w) = (w—cr)(1 —vr(p§)),

where Wf/}s (w) is the manufacturer’s expected profit if he produces a low-quality product, sets his

price to w, and expects the retailer to follow strategy j € {O,T,U}.

Figure 3 maps the pure strategy equilibrium outcomes to the (7, ¢) parameter space (the deriva-
tion of equilibrium outcomes is analogous to that in the benchmark model and is thus omitted), and
the proposition below highlights the impact of shared reputation damage on the set of equilibrium

outcomes and incentives to misrepresent in a vertical channel.

Proposition 6. When consumers attribute product failure to both the retailer and the manufacturer:
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Figure 3: Pure Strategy Equilibria in (7,cp) Space, Single Retailer Channel, Shared Reputation
Damage (7 = .75, A = .5,r = .5).

1) (H,0) can be an equilibrium outcome: When cg < 9, the manufacturer produces a high-
S

quality product even when he expects the retailer to misrepresent by overselling;

(2) TtV < T]L{g : the range of reputation cost T where prisoner’s dilemma outcome (L,U) rises is

narrower compared to when only the retailer faces the reputation damage.

The first part of Proposition 6 demonstrates that sharing the reputation damage leads to the
additional equilibrium outcome (H,O), compared to the retailer shouldering all of the blame. This
outcome is notably counter-intuitive. Even though the retailer follows an overselling strategy, the
manufacturer still produces a high-quality product. Thus, effectively the true product quality is
not misrepresented to consumers. Instead, the overselling strategy adopted by the retailer leads
to “signal correction” if the retailer incorrectly evaluates the product quality to be low (¢ = L).
Neither the retailer nor the manufacturer would experience any reputation damage post-factum
since a high-quality product never fails.

: HO HT
Observation 2. Tt > T -
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The observation implies that whenever outcome (H,T) is the equilibrium, it is detrimental to the
manufacturer’s profits. In outcome (H,T) a high-quality product can, with probability (1 — ), be
sold as a low-quality one due to the imperfection of the retailer’s examination technology, leading to
a lower demand. In (H,0) outcome not only is the product guaranteed to be sold as a high-quality
one (even if the retailer mistakenly thinks it is of low quality upon the product examination), but
the manufacturer also adds a “misrepresentation premium” to the wholesale price: wg 0> wgf T
Jointly, these factors lead to higher profits under the outcome (H,O).

The rate at which the consumer attributes product failure to the retailer or the manufacturer
also impacts product quality. The more likely consumers are to attribute product failure to the

manufacturer (higher (1 — \)), the more inclined the manufacturer will be to produce a high-quality

product, as noted in Observation 3.

Observation 3. When the retailer follows the overselling strategy, the threshold cg at which the
manufacturer prefers to offer a high-quality product over a low quality one is increasing with his

share of reputation cost, (1 — \).

Further, the second part of Proposition 6 shows that the prisoner’s dilemma outcome (L,U) is
not eliminated when consumers (partially) blame the manufacturer for misrepresentation, however,
the range where this outcome rises is smaller. Remember that the (L,U) outcome is caused by
the retailer being cautious in the presence of high 7: the expected damage is not worth the high
demand and profit to be obtained from a high quality signal qg = H even when retailer believes,
upon product examination, that the product has high-quality (¢: = H). When the reputation cost
is shared, the reputation cost faced by the retailer (A7) is smaller than the cost borne under full
attribution. Hence for 7 € <TI§U, TIL{g), underselling strategy is replaced by truthful behavior. Put
simply, if the consumers can punish both channel members, the prisoner’s dilemma outcome can

be partially avoided.

4.2 Skeptical Consumers

Next, we relax the benchmark model’s assumption that consumers are credulous, i.e., they believe
that the signal (qr) sent by a retailer truthfully represents the retailer’s assessment (qr = qi).
Instead, we consider consumers to be skeptical. Let consumers consider the possibility that the

retailer may misrepresent a low-quality product. Specifically, we assume they believe there is only a
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chance ¢ that the retailer will truthfully convey the product’s low quality to them.'’ More formally,

they believe that
¢ = Prob(qr = Ll = L).

Stated differently, ¢ represents the degree of trustworthiness of the retailer for the consumer.
Since consumers are unaware of the reputation damage 7, they do not see why the retailer would
misrepresent a high product quality as low. As such, consumers believe if the retailer’s opinion of
the product quality is high (¢; = H) then she will definitely send a high quality signal. In other
words, we assume that consumers believe P(qp = H|qs = H) = 1.

To isolate the effect of consumer skepticism, we keep the rest of our assumptions identical to
the benchmark model: we consider a single retailer channel where the cost of reputation damage
is incurred only by the retailer. Hereinafter the subscript ’s¢’ denotes the outcomes with skeptical
consumers.

When consumers observe qg = H or qg = L, they update the probability of product failure
pH.. and pr,. respectively. Taking the degree of trustworthiness, ¢, into account and using the

Bayes rule, the updated probabilities can be computed as follows:

Plgp = H) =21 =¢)y+(0—)+L(y+1—-0)(1—7) :1_§
Plan = )=} +36(1-)=5
and hence
pr.. = 1P (ay = Llgr = H) = PP = L])Df’;gi:;;nw =2 T12_¢>¢7 (11)
pr.. =1P(qu = Llgr = L) = JPlar = LI)DI(D(](IZR:L)LMM — L) _ -

Note, if consumers believe that the retailer is completely trustworthy, i.e., if ¢ = 1, then these failure
probabilities converge to the ones in our benchmark model with credulous consumers. Given the

probabilities in Equation (11), the valuation of the consumer indifferent between buying and not

" Note, that this is not a rational expectation as we still focus on the outcomes where the retailer follows pure (as

opposed to mixed) strategy.
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buying the product for each quality signal sent by the retailer is as follows:

vL.(p) = 3 _p,yr, if gr = L;
p(2—9¢) .
fgr = H.

Proposition 7 highlights the impact of consumer skepticism on the set of equilibrium outcomes and
incentives to misrepresent in the channel. Since, the process of deriving equilibrium outcomes is

analogous to the benchmark model, it is omitted for brevity.

Proposition 7. Compared to the environment with credulous consumers, when consumers are

skeptical

(1) 7O < 710 — (7“ < % and y > 13:&): only if the failure probability (r) is

sufficiently small and examination technology () is sufficiently precise, the range of reputa-

tion cost (1) where overselling (L,0) is an equilibrium outcome becomes smaller.

(2) TI@IEJC < 75V the range of reputation cost values (T) where (L,U) is the equilibrium outcome

is always larger.

Contrary to lay intuition, consumer skepticism does not always decrease the retailer’s incentive
to misrepresent by overselling. If the product has a low failure probability, one can observe the
positive effect of consumer skepticism by a decrease in the set of parameter values that support the
(L, O) outcome. Surprisingly, the incentive to oversell a low-quality product increases compared to
the case of credulous consumers when the product is highly likely to fail. Further, the proposition
indicates that consumer skepticism also has an adverse effect: the outcome (L,U) where the man-
ufacturer produces a low-quality product (even when the production cost is low enough to offer a
high-quality product) rises for a broader set of parameter values.

Notice that the deleterious impact of consumer skepticism outweighs the positive effect, when
the impact on the 7 parameter is considered. (ngc — TfIU) > (TLO - Ts[éo) , which implies that the
increase in the parameter range that supports underselling strategy in equilibrium is larger than the

decrease in parameter space that supports low-quality product misrepresentation outcome (L,0).
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4.3 Perfect Product examination Technology

A particularly relevant question for legal cases on misrepresentation is whether a seller knowingly
misrepresented a product. The benchmark model allows the retailer to represent the true product
quality gps truthfully even when she follows misrepresentation by overselling strategy. Indeed,
under such a strategy the retailer sends a high quality signal to consumers (¢r = H) upon forming
a belief ¢; = L about the product quality. In this caase here is still a (1 —+) chance that her opinion
is wrong, and the true product quality is in fact high (¢py = H). As a result the retailer can argue
that the misrepresentation was innocent. Misrepresentation, independent of the retailer’s awareness
of quality defects, is a reason for legal action. However, fraudulent or intentional misrepresentation
have more significant legal consequences.

Now, consider a special case of the benchmark model where the retailer’s examination technology
is perfect. A perfect technology enables the retailer to be fully strategic in her behaviors as it
removes any possibility of misrepresentation due to incorrect examination of product quality. The
question we address here is whether quality misrepresentation still occurs. The following proposition
summarizes the impact of retailer’s certainty about product quality (the derivation of equilibrium

outcomes is analogous to the benchmark model and thus is omitted).

Proposition 8. In a single retailer channel when v = 1:

(1) An underselling strategy is never optimal for the retailer, hence the outcome (L,U) never

occurs in equilibrium;

(2) An overselling strategy is optimal for the retailer if reputation damage, T, and the product
failure probability, r, are sufficiently small: (L,0) is the equilibrium outcome when T <

B (4= 1k ), andr < 3/4.

Proposition 8 demonstrates that the retailer’s ability to detect true product quality only elim-
inates underselling. This result is intuitive: with perfect technology, the retailer knows that a
high quality signal never indicates a low-quality product, therefore, underselling is never necessary.
Moral hazard, however, is still present as (L,0) is the equilibrium outcome for some parameter val-

ues, although the parametric region where misrepresentation by overselling takes place is smaller.
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Indeed, one can easily see that 720 > 1—16 (4 — I—L) So when the retailer is fully capable of detect-
ing low quality, she still will not fully refrain from misrepresentation, even though all agents in the

market are aware of her perfect technology.

5 Conclusion

In this paper, we investigate the impact of channel design on the manufacturer’s and retailer’s
incentives to misrepresent a credence product offered in a vertical channel. Further, this is the
first paper to relate product failure attribution by customers to the structure of the distribution
channel. We consider a two-level channel where consumers’ uncertainty about product quality is
a function of the channel design. We compare two designs: a single-retailer and a dual-retailer
design. Without observing any seller signals, consumers assume that the product has 5 chance of
failure. To update their beliefs, they interpret and rely on quality signals from the retailers. With
each additional retailer signal, their belief about the true quality of a product is updated.

It is well known that information asymmetries present in credence goods markets lead to in-
efficiencies (Dulleck et al., 2011). Our study offers some novel and useful insights to managers
about channel relationships and misrepresentation of credence goods in exclusive and dual-retailer
channels. First, the single retailer channel analysis suggests that both low and high reputation
costs give incentive to the retailer to refrain from truthfully representing the quality of a product.
Moreover, the manufacturer needs to trust the retailer to act truthfully in representing product
quality to offer a high quality product. When the manufacturer expects the retailer to deviate
from truthful behavior, he prefers to offer a low quality product to consumers. By doing so, the
manufacturer benefits from misrepresentation as well. Since their point of contact is the retailer,
consumers in the main model punish the retailer, which results in the manufacturer to occasionally
prefer product misrepresentation. In particular, with medium reputation cost and low cost of pro-
ducing a high-quality product, the manufacturer earns higher revenue when the retailer oversells.
Equally important, the manufacturer’s pricing decision partly determines whether the downstream
partner will misrepresent or not. A high quality manufacturer may find it beneficial to lower its
price in order to induce retailer communication with consumers that the product is of high quality.

Second, in a dual-retailer or non-exclusive distribution, we find that the extent of misrepresenta-
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tion in the marketplace is reduced. This finding is counter-intuitive to the the idea that an exclusive
distribution arrangement between the B2B partners can reduce moral hazard. Two forces lower
misrepresentation in a non-exclusive retail channel. Primarily, with each additional downstream
member in a channel, a high quality manufacturer can signal its quality more credibly. This effect
partially erases the manufacturer’s desire for misrepresentation of his product. Secondarily, the
enhanced cost tolerance for producing a high quality good incentivizes the retailers to be truthful.
Moreover, having multiple downstream members can also increase the profit of the retailers and
the manufacturer, despite enhanced competition.

The outcomes we observe about the quality choices of the manufacturer and channel design
may provide an explanation for why different firms operate with different distribution strategies.
Aside from the reasons cited in the literature, our findings suggest that the ability to create (or,
sometimes prevent) consumer misconceptions about product quality can be an important determi-
nant of channel design. A manufacturer who prefers to sign an exclusive distribution contract with
a retailer may be more likely to face misrepresentation than another who sells through multiple
retailers. For example, rather than selling through a single authorized dealer, some brands may
prefer to have a (small) number of authorized retailers in each market. Firms wanting to reduce
the extent of misrepresentation may want their products to be sold by multiple retailers, as op-
posed to a single retailer. Another strategic insight that discredits lay intuition is that retailers do
not have to face lower demand (and profitability) in the multiple-retailer scenario, compared to a
single-retailer scenario.

We extended our model in several directions in Section 4. We relax the assumptions about
consumers fully trusting the retailer signals, we allow the retailers to be fully strategic in choosing
their representation and we also let consumers punish both the retailer and the manufacturer.
Additional avenues that can be explored are many. Our paper studies a stylized model with
single or dual retailers and a single manufacturer. Future research may find value in exploring
additional channel designs, specifically when the downstream member has a stronger role. For
example, for some channels, the downstream member (retailer) may be able to choose the number
of manufacturers from whom to purchase. Our study can provide a benchmark for channel members
considering alternate designs. We assume in the model that the retailers’ role in the market is to

sell goods, to signal quality, and to drive demand. Clearly, there are markets in which retailers can
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provide other functions, such as providing installation and after-sales service, thus adding to the
consumers’ utility. This is typically true for business-to-business and industrial markets. When the
service provided yields a fixed utility to the consumer, then this fixed utility can be captured in the
current model and the qualitative message of our model would not change. However, investigating
the case when consumers have differential level of utilities for different services can be an interesting

area of future research.
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Appendix

Proof of Lemma 1:
If the retailer formed opinion ¢ = H upon product examination, then with probability v the
product has high quality (qys = H) and with probability (1 — ) it has low quality (¢as = L), in
which case the product fails with probability r and the retailer’s reputation will suffer if her signal
is high qr = H. If the retailer sends qg = H upon forming the opinion ¢, = H, her expected profit
is:

i (w) = 7r{gr = H,plg: = H}(w) = (1 —vg(p))(p — w) — (1 = )r7. (A.1)
Similarly, if the retailer formed opinion ¢; = L but sends a high quality signal gr = H, her expected
profit is:

i (w) = mr{ar = H,plas = L} (w) = (1 — vz (p))(p — w) — 77, (A2)

If the retailer’s opinion on product quality is ¢4 = H or ¢¢ = L and she sends consumers a low
quality signal qg = L, independent of the true product quality, she will face no reputation cost.

The expected profit in this case is:

LH LL

mg" (w) =g (w) = 7r{qr = L, plg: = i}(w) = (1 —vL(p))(p — w). (A.3)

Plugging the valuation of the consumer indifferent between buying and not buying derived from

Equation (4) into equations (A.1)-(A.3), and solving the first order conditions w.r.t. retailer prices

yield:
Pig(w) = 5(L—r(1—7) +w) ifgp = H, (A.4)
pr(w) = 5(1—7’7+w) if qr = L.
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The retailer profits given in (A.1)-(A.3) can be compared after plugging the expressions obtained
in (A.4):

I-w-(A=yr)? A=y —w)?

ﬂ-gH(w) - W]L%H(w) = 4(1 _ (1 — ’7)7’) - 4(1 — ’}’7’) - TT(l - 7)7 (A5)
(w1 (-w—)?
ﬂ-gL(w) - W}%L(w) - 4(1 _ (1 — 77&)) - 4(1 — "}’7") — YrT.

Expressions given in (A.5) show that depending on how large the reputation cost 7 is, the retailer

can follow one of the three following strategies:

1. Overselling: If 7 € (0,7 (w)) then 7HL(w) > 7EF(w) and 7H7 (w) > 7k (w), hence the

retailer earns highest profit by setting gr = H regardless of observed ¢;

2. Truthful: If 7 € (rp(w), 7g(w)) then THL(w) < 7EkF(w) and 7 H (w) > 7EH (w), hence the

retailer earns highest profit by setting qr = q;

3. Underselling: If 7 € (ti(w), 00) then mHL(w) < wkl(w) and 7H# (w) < 7kH (w), hence the

retailer earns highest profit by setting qr = L regardless of observed g,

where
2y —1) (14 (1 —y)yr*—r—w?)
Ay(1 = (1 =)r)(L —r)
(2y-1)(1+(1— Yyr —r — w2)
41 =)L = (L =y)r)(1 = r)

Notice that for the Mismatching strategy to be optimal, the following two inequalities must

TL(w) =

(W) =

hold simultaneously:

i (w) < 7kH (w) & 7 < 11 (w), (A.7)
ol (w) > nkl(w) & 7 > 7(w). (A.8)

However, 77,(w) < 7 (w) because v > 1/2 and inequalities (A.7) and (A.8) cannot hold together.

Hence a Mismatching strategy is never optimal for the retailer. O

Proof of Lemma 2:
The manufacturer can offer a high or a low-quality product. If he offers a high-quality product,

there is a (1—-y) chance that the retailer will incorrectly identify the product quality and decide that
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the quality is low. In this case she will send a low quality signal if she follows a truthful strategy
and a high quality signal if she follows an overselling strategy. If the manufacturer produces a
low-quality product, the retailer may incorrectly identify it as a high-quality product and match it
with high quality signal when she follows a truthful strategy. The manufacturer’s expected profit
wj\J/;, when quality is set gy =i € {L, H} and the retailer is following strategy j € {O,T,U} can be

expressed formally as:

T (w) = (w—cxr) (3(1 = vjp) + (1= 7)(1 = vL)), (A.9)
i (w) = (w—cr) (y(1 = vf) + (1 = 7)(1 = ),

mh” (w) = (1= i) (w — en),

i (w) = (1= vjp) (w — ez,

mi (w) = (1 —vp)(w — cn),

i (w) = (1= vp)(w — cr),

where v} = v;(pf(w)). Plugging the indifferent consumer valuations from Equation (4) and the
retailer prices from (A.4) in (A.9), and solving the FOCs, the optimal wholesale prices are obtained:

HT _ CH (1—y)yr?+1—r
_ Al
v > You iy —y 1)) (A.10)

1— 21—
Wl — L o r+r( ’Y)’Y’

2 2 —4dvyr(1—7)
1

wi© = glen = (1 =2)r+1),
1

wh© = Sler = =7r+1),
1

wtlV = i(CH —yr+1),
1

whV = §(CL—’)/T+1),

where w* denotes the manufacturer prices when qy; =i € {L, H} and the retailer follows strategy

j€{0,T,U}.

LO* HO*
M

Substituting prices (A.10) into the manufacturer profit functions (A.9) shows that 7y > 7y

and 71']%4[]* > WﬁU* for any (v, r), where ng/; stands for optimal manufacturer’s profit in outcome
(i,): 79 = wﬂ(w"j). So if the retailer follows strategy (O) or (U) then manufacturer’s best

response is not to produce a high-quality product. A high-quality product will only be produced if

retailer follows truthful strategy (7).
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In addition, solving equation WﬁT* — Wﬁf* = 0 for cj results in the threshold ¢’ O

Proof of Proposition 1:

Statement (1) directly follows from the list of pure strategy equilibria given in Supplemental Ma-
terials, on page 1. To obtain Statement (2) first notice that 77C (where closed form expression of
71O is given in Supplemental Materials, on page 4) is decreasing in r. Then solve L0 =0 for r to

obtain 7¢ < 0 & r > 57%1 And 719 < 0 implies that there are no feasible (i.e., positive) values

of 7 that satisfy condition 7 < 72© for outcome (L,0) to rise in equilibrium. O

Proof of Proposition 2:

(1) Statement wr¢”

> ﬂﬁT* follows from straightforward comparison of manufacturer’s expected
profits. To verify the second statement, the expected retailer’s profits in outcomes (H,T) and (L,0)
need to be defined first.

First note that due to the credence nature of the product (gys being manufacturer’s private
information) and imperfection of retailer’s examination technology (v < 1), the retailer computes
the expected profit from sending gr conditional on her opinion ¢; (e.g., #%'?) when making her
decision about quality signal qg = i € {H, L} to be sent, as opposed to the expected profit in a

particular equilibrium outcome (i.e. W%Mj where j € {O,T,U}). Thus the retailer’s expected profit

in (H,T) outcome should be computed as follows:

mat = (1= v () () —w™)))+(1-) (1 = vr (pL (™)) (pL (w) — 1))

Similarly, retailer’s profit in (L,O) outcome is computed as follows
10" = ((1 = ou (P (w ) (P (W) — w"9)) —rr

Now, by substituting optimal wholesale prices and comparing retailer’s expected profits in outcomes
(H,T) and (L,0) one can see that 747" > 750",

(2) Solving the equation 7&U" = 7iT" for ¢z results in the threshold

(1= (1= =) (1 )
20 —=y)yr—r+1

AU —
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such that manufacturer earns higher profit in outcome (H,T) than in outcome (L,U) whenever

cg < V. Further, the retailer’s expected profit in outcome (L,U) is defined as
LU* LU LU LU
o = (L—o(pL(w™))) (PL(w™) —w™),

and straightforward comparison shows that F]L%U* < ﬂgT* always. ]

Proof of Proposition 3:

The statement of the proposition, Tf)o < 710 follows from direct comparison of the thresholds 7 LO

and 70, O

Proof of Proposition 4:

The statement of the proposition follows from direct comparison of the thresholds cg and ¢I'. O

Proof of Proposition 5:

The statement of the proposition follows from direct comparison of manufacturer’s profits. O

Proof of Proposition 6: (1) To demonstrate the first statement of the proposition, we solve

W]I\{/[g =k M * for ¢y to obtain threshold cS

g=1-r(l=7) V1 -0 =1r)—r(—y+8(1 = N7 +1))

(2) Second statement of the proposition follows from direct comparison of thresholds 75V and
LU
THe - O

Proof of Proposition 7:
(1) First statement of the proposition follows from solving 720 < 7€ for r: obtain 70 < 710 «—

(r < %) Further, notice that % > 0 (and hence there is a non-empty set

of r satisfying the condition above) only if v > 5= ? 3

(2) Second statement of the proposition follows from direct comparison of TH and TLU O

Proof of Proposition 8: The statement of the proposition follows from substituting v = 1 into

7LO and TfIU. O
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SUPPLEMENTAL MATERIALS:

Derivations of Equilibrium Outcomes.

Equilibrium Outcomes in a Single Retailer Environment.

We derive equilibrium strategies in backward induction fashion starting with retailer’s choice of price
and representation strategy. If the retailer formed an opinion ¢ = H upon product examination,
then with probability ~ it is indeed a high-quality product (¢qp; = H). However, there is still a
(1—7y) probability that gpy = L, in which case the product will fail with probability r, in which case
retailer’s reputation will suffer if she were to send a high quality signal qg = H, since consumers
cannot distinguish between a retailer intentionally misleading them or being sincerely wrong about
the product quality. So if the retailer sends gz = H upon observing ¢; = H, her expected profit
THIE is:

mi'(w) = 1r{gr = H,plg: = H}(w) = (1 - vn(p))(p — w) — (1 = 9)r7. (S.1)

Similarly, if the retailer formed opinion ¢; = L but sends a high quality signal gz = H, her expected

profit 7H*" is:

w1’ (w) = mr{qr = H,plg: = L}(w) = (1 — vu(p))(p — w) — yr7. (S.2)

Further, if the retailer sends consumers a low quality signal qg = L regardless of the opinion
q: she formed about the product quality, her reputation will not suffer regardless of what the true

product quality is. Her expected profit W%QR in this case is:

LH

i (w) = m"(w) = mr{gr = L,pla = i}(w) = (1 = vr.(p))(p — w). (5:3)

Plugging the location of indifferent consumers given in Equation (4) into equations (S.1)-(S.3),

and solving the first order conditions yield optimal retailer prices:

pin(w) = 50— (1 =)+ w) it gp = H, (5.4

. 1 :
pL(w):g(l—T’Y+w) if gr = L.

Plugging the optimal retail prices into the retailer’s profits (S.1)-(S.3) and comparing them in



order to derive product quality representation strategies yield:

L-w-(1-9r)? (1-r—w?

TFII%IH(U)) - WéH(w) = 4(1 — (1 — 7)7_) - 4(1 — ’YT) - TT(l - 7)7 (85)
_(Q-w—(1-7r)? (A-w-—1r)
WIQIL(UO - W]%L(w) - 4(1 — (1 — ,_YT)) - 4(1 — "}/7’) — YrT.

Equating the difference in profits given in (S.5) to zero and solving for 7 we find that there are

three possible strategies the retailer can follow:

1. Owverselling: If 7 € (0,7 (w)) then 7HL(w) > 7kl(w) and 7 (w) > 7kH (w), hence the

retailer earns highest profit by setting qr = H regardless of observed ¢;

2. Truthful: If 7 € (rp(w), 7g(w)) then THL(w) < 7kF(w) and 7 H (w) > 7EH (w), hence the

retailer earns highest profit by setting qr = q;

3. Underselling: If 7 € (ti(w), 00) then 7HL(w) < wkl(w) and 7 (w) < 7kH (w), hence the

retailer earns highest profit by setting ggr = L regardless of observed g,

where

2y —=1) (14 (1 —=y)yr? —r—w?)
A1 =1 =y)r)(L —9r7)
2y—-1) (14 (1 —y)yr*—r—w?)
41 =7)(1 =1 =7)r) (L =r)

For the Mismatching strategy to be optimal, the following two inequalities must hold simulta-

(W) = (S.6)

TH(w) =

neously:
W{%IH(U)) < WﬁH(w) e 1 < 11(w), (S.7)
il (w) > nkl(w) & 7 > 7(w). (S.8)

However, notice that 77 (w) is always smaller than 7 (w) because v > 1/2, hence inequalities (S.7)
and (S.8) are mutually exclusive. Hence Mismatching strategy is never optimal for the retailer.
Further, at the beginning of the game, the manufacturer has two possible strategies: to offer
high-quality or low-quality product. When the manufacturer offers a high-quality product, there is
a (1 — ) chance that the retailer will incorrectly identify the product quality, and decide that the
quality is low. In this case she will send a low quality signal if she follows a truthful strategy, and

high quality signal if she follows an overselling strategy. Likewise, when the manufacturer produces



a low-quality product, the retailer might incorrectly identify it as a high-quality product and send
a high quality signal even if she follows a truthful strategy.
The manufacturer’s expected profit 7T§\J/;, from producing a product of quality gy =i € {L, H}

given that the retailer is following strategy j € {O,T,U} are calculated as follows:

T (w) = (w—cxr) (3(1 = vjp) + (1= 7)(1 = vL)), (S.9)
i (w) = (w—cz) (y(1 = vf) + (1 =7)(1 = vp)),

i (w) = (1= vi)(w — cnr),

i (w) = (1= vjp) (w — ez,

iy (w) = (1 —vp)(w — cn),

i (w) = (1= vp)(w — cr),

where v} = v;(p}(w)).
Plugging in the indifferent consumer locations from Equation (4) and the retail price functions
from (A.4) into the profit functions above, and then solving the FOCs with respect to wholesale

prices yield:

HT _ CH (1—y)yr?+1—r
_cH 1
v > Yo iy —y 1)) (8.10)

r_cL, L-r+ri(l—9)y

s T 2 —dyr(l—7)
WwhO — %(CH (=41,
W = L(er — (L= 7)r +1)
wtl = %(CH —yr+1),

whV = %(CL—’)/T-f—l),

where w® denotes the best response price function for the manufacturer when qy; =4 € {L, H} to
the retailer’s strategy j € {O,T,U}.
Now it is easy to see that if the manufacturer expects the retailer to follow strategy (O) or

(U) then he would not choose to produce a high-quality product. Indeed, substituting these prices

LO* HO*

into manufacturer’s profit functions given by (S.9) shows that my7 > my U

and 7T][\’/[U* > Ty
for any (v, ), where ﬂj\]; stands for optimal manufacturer’s profit in equilibrium outcome (i, j) :



7T7];\j; = Wj\z[ (w®). The manufacturer would only produce a high-quality product if the retailer follows

strategy (7') in equilibrium.
Finally, solving WﬁT* = 7T]l\’4T* for ¢z results in the threshold ¢’

To finish the derivation of equilibrium outcomes, substitute wholesale prices w® defined by

Equations (S.10) into 77 (w) and 7y (w) defined by Equations (S.6) to obtain the following thresh-

olds:
20 — 1 (0 — (2y-1) (’y (16’y3 — 3292 4 17y — 1) r? 4+ (16’y2 — 16 + 1) r+ 3) (8.11)
B 16(1 —)(1 = 2(1 — y)yr)? ’ '
LT _ ey 2y =1((5y —4r+3)
R Al T T (o g
2
(2y — 1) @Ot DHQoanor i) gy g
4(—2v2r+2yr—r+1)
71T = 7 (wf7T) =
41 =)y =Dr+ 1A —7) ’

7
TgT = TH(wHT) = THT(l —)

i
TfIT = TH(U}LT) = LT Tk

(27— 1) (v (169> — 3292 + 17y — 1) 2 4 (169% — 167 + 1) r + 3)
167(1 — 2(1 — )77)?

Y = (W) =

These thresholds determine which strategy the retailer would follow given a certain reputation
cost 7 and wholesale price w. Combining them with the threshold ¢’ that determines which strategy
manufacturer would follow given a certain production cost cg, one can obtain the following set of

pure strategy equilibrium outcomes depicted in Figure 2:

(L,0): Manufacturer produces a low-quality product (gys = L) and sells it to the retailer at the

price w”©. The retailer follows overselling strategy, i.e., sends signal ¢qpr = H regardless of

her opinion on product quality ¢. This outcome is equilibrium if 7 < 7€,

(H,T): Manufacturer produces a high-quality product (¢p; = H) and sells it to the retailer at the

price wHT. The retailer follows truthful strategy, i.e., sends quality signal that matches her
opinion about the product quality: ¢r = ¢;. This outcome is equilibrium if 7 € (THT, Tg T)

and cg < cT.

(L,T): Manufacturer produces a high-quality product (¢py = H) and sells it to the retailer at the

price w7, The retailer follows truthful strategy, i.e., sends quality signal that matches her



opinion about the product quality: qg = ¢;. This outcome is equilibrium if 7 € (TLT,TIL{T)

and cg > ¢’

(L,U): Manufacturer produces a low-quality product (¢as = L) and sells it to the retailer at the price
w™U. The retailer follows underselling strategy, i.e., sends signal gz = L regardless of her

quality opinion ¢;. This outcome is equilibrium if if 7 > TfIU.

Notice that 710 < 7T HT  7LT ~ 7LU " which means the combined set of equilibria
conditions listed above does not cover the full parameter space (7, cg). There is no pure strategy
equilibrium for any pair (7,cg) which does not satisfy any of the equilibrium conditions listed

above.

Equilibrium Outcomes in a Dual Retailer Environment.
Equating the expected utilities provided by Equation (8) to zero and solving for v provides the

location of consumer indifferent between buying and not buying:

vrH(p) = %7 if gr, = qr, = H
l=ra=ypm
_ p ; — o —
viL(p) = —————— ifqr, =qr, = L
1 =rampm

vaL(p) = 1f , if qr, = H and qr, = L or qr, = H and ¢r, = L.

N3

We assume that the retailers are symmetrical, thus they set the same price when they send the
same signal. Suppose one retailer forms opinion ¢, = H (¢ = L) upon product examination. The
probability that the other retailer has the same opinion is (1 — )2 4+ 2. The probability that the
other retailer has arrived to a different opinion upon product examination is 2y (1 — ). If both
retailers follow strategy (T)!2, then each retailer’s expected profit, conditional on signal ¢; observed,

is as follows:

ﬂ_gg’(p) _ (72 + (1 o 7)2) (p_ w)(l - UHI—;(p)) - (1 - ’Y)TT + 27(1 . 7) % 07 if G = H,

ml%(p) _ (72 r(1- 7)2) (p— w)(12— vrL(p))

+29(1 =) (p — w)(1 — vip), if ¢ = L.

Notice that if the retailers have different opinion about product quality, they will send different

signals to consumers when following truthful strategy. And the retailer who sends the high quality

2The retailers are symmetric, hence they follow the same strategy given the same parameter values



signal would set its price high, only to find no demand because all consumers will buy from the
retailer with the low price.

If retailers follow strategy (O) then each retailer’s expected profit conditional on opinion ¢ is

LO(p) _ (p — w)(l - UHH(p)> —rT

T‘-RD 9 5 lf(]t:IJ7
p—w)(l—vgg(p)) — (1L —y)rr .
i0(p) = @I v () ~( =) -

Finally, if retailers follow strategy (U) then each retailers’ expected profit is

(p —w)(1 —vrr(p))
5 .

Thp (P) =

By solving the first order conditions we obtain optimal retail prices as follows:

w+1l 7 2y —=1)r
P () = T+ it 4(2(727— 27)+ 1)’ (8.12)
Lo w+l T (272 =73 =27) - —7)r
PLp (W) = 2 4 4Q2-81-"+Uv(¥—2v+1)—-1)r)’
. w+1 r (2y—1)r
pUD(w):T_Z_Zl(Q’}/Q—Q’}/"‘l)’

where pj; (w) and P, (w) are the prices retailers charge when they send a high or low quality

signal to consumers respectively (under either 7" or O) strategy. And pj; (w) is the price they

charge when they follow strategy U. Substituting these retail prices into the profit functions and
LT LT

solving for W}ng(w) = 7g, (w) for 7 to find 71, (w), and W%D (w) = 7z, (w) for 7 to find 7, (w),

we find that the retailers:
e Follow strategy (O) if 7 < 71, (w);
e Follow strategy (1) if 7 € (71, (w), T, (w));

e Follow strategy (U) if 7 > 7, (w),

where
9 (72(r2+8(r+1)w+2r—8)—2~/4(r—2)('r+2w—2)+2fy3((r—ﬁ)r—8w+8)—4'yrw+(7"—2)(w—l))2
Tp(w) = |- B2 (01D 1D~ D (807~ 1772+ (A (P2 )~ Dri2) -
((=1?r+ (= 1)y+1) (w-1))*

82(y—1)y+1)(=2v(v—1)+(y—1)?r-1) |’

(Pr+2w-2) =2y (w-1)+w-1)"  ((1=9)>+2H-1)y+1)(w-1))°
- __COH-I (O (r-2)+2)-1) —2y(y=D)+(y—1)%r—1
HD(w) =

dr(1—y)(1=2(1 = 7))

6



Next we consider the manufacturer’s expected profits:

iy (W) = (w = er) (V' (1= vnn (0f,)) + (1 =921 = v(pL,)) + 271 =) = vnrpi,)) ,
ity (w) = (w —cr) (Y (L = vr0(p},) + (L= (L = vrr(p,)) +27(1 =)L = onz(0},))) |
50 (w) = (w —ep)(1 — vau(Pi,))
mi (w) = (w = cr)(1 = vau(pir,));
i (w) = (w — ex)(1 = vrL(pir,)),
T (w) = (w —ep) (1 —vrL(pf,),

where ﬂf\Z[D (w) is manufacturer’s expected profit if he produces product of quality i € {H, L}, sets

wholesale price w, and expects retailer to follow strategy j € {O,T,U}.

The following wholesale prices maximize manufacturer’s profit in each case:'3
WHT — CH | (2—7)(=2y(1=9)+(1=7)%(=r)+1) 1=y (2—7(2—7))) (=8(1—7)?y2 = (1-2(1—9)7(3—2(3—7)7))r+2)
D =9 2(2(1-2(1—7)7)2+(1—-2(1—7)7(3=5(1—7)7))r2 = (1-2(1—7)7) B—8(1—)7)r) (=8(1—7) 272 —(1—4v (73 —2v+1))7+2)
(S.13)

7 =1 (29(1=9)+(1-)2r—1)(v(2—7(2—7) = 1) (=8(1—)272+(27(69> =872 +7+1) —1)r+2)
o 222(y—1)v+1)2+2(1—7)?y?r2+(=2(y—1)y=1)7r)(=8(1—7)**+(4y(v* —2v+1)-1)r+2) °
wo 1 (1—n)%r

P2 2y -+ 1)

CH
HO _ L0 | CH

’LUD = 2
1 721“
wh = - ,
2 2(2y(y-1)+1)
c
ng = w,%U + 7H

Define W?Z[; = W;Z[D (w¥). As in the single retailer case, it is easy to see that manufacturer would

not produce a high-quality product if retailer follows (U) or (O) strategy, because

HU* LU*
7T‘J\4D <7TMD?

HOx LO*
TrMD < TrMD .

* * . * * . . . . . .
Further, solve Wﬁg = 7T]l\’/[7; for cg: Equation ﬂﬁg - wf/[r‘g = 0 is quadratic in cy with positive
quadratic coefficient. Denote roots of this equation as ¢; and co where ¢; < co. It is easy to see

that ¢; > 0 and that ﬂﬂhg* is not feasible for ¢ > co. Hence ﬂ]\}g* > 77%'; <= cy < c1. Denote

13We continue with assumption ¢z, = 0 as in the exclusive retailer case.



T _
cp = c1. Here

42A-v+D (A -271=1)3+ (1= (474 = 1673 +18+42 —67+1) r4 4+ (= 1675411297 — 20276430675 —3207% +1647% — 5472410y = 1) rP+ (1-27(1=7)) (- 487" + 140*
42(1=) v+ (127 (1=7))3 = (4724872 —4v+1) (1074 —2073 41672 = 67+1) 73+ (1 -2 (1—7)) (— 7276+ 15275 = 7274 — 4843 4+6812 —287+5) r*

T —
cp =

@-r)(=2v1=-N+A=-NZ(=n)+1) (=27 ++2 2= +1) (=87 +8(27 - 1)1 2+ (-4(4-37)73 +2(v+1)v—1) r+2)

(—8'y4+8(2'y71)72+(4’y478’y2+4'yfl)r+2)\/(2(2'y272’y+1)2+2(1—'y)2’y2r2+(72’72#»2’\/—1)1') (2(2’7272’y+1>2+(10’y4720’y3+167276-Y+1)r2+(716-y4+32’y3730

With 7, (w), 7, (w), wg, and cf defined above we can list the pure strategy equilibria in the

dual-retailer channel environment:

(L,0): Manufacturer produces a low-quality product (gys = L) and sells it to the retailer at the price
wgo. The retailer chooses overselling strategy, i.e. sends signal qg = H regardless of the

received signal ¢;. This outcome is equilibrium if 7 < Tﬁo.

(H,T): Manufacturer produces a high-quality product (¢ay = H) and sells it to the retailer at the
price ng. The retailer chooses truthful strategy, i.e. sends quality signal that matches signal

she has received: qgr = ¢;. This outcome is equilibrium if 7 € <T§T, ng) and cg < c:f).

(L,T): Manufacturer produces a high-quality product (¢p; = H) and sells it to the retailer at the
price ng. The retailer chooses truthful strategy, i.e. sends quality signal that matches signal

she has received: qgr = ¢;. This outcome is equilibrium if 7 € (TﬁT, TIL{g) and cpr > c%.

(L,U): Manufacturer produces a low-quality product (qy; = L) and sells it to the retailer at the price
w%U. The retailer chooses underselling strategy, i.e. sends signal qg = L regardless of the

received signal g;. This outcome is equilibrium if 7 > TIL{g.

where Tg =17, (wg) and TgD =T, (wg)

Equilibrium Outcomes in the Model With Shared Reputation Damage:

The equilibrium outcomes for the case where reputation damage is shared between retailer and
manufacturer are derived in backward induction fashion analogous to the benchmark model. Here
are the outcomes for each of the stages:

Optimal retail prices:
H 1 .
ps(w) = 5(1—(1—7)7’+w) if qr = H,
1 )
pé(w) = 5(1—’yr+w) if gg = L.
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Reputation cost thresholds:

2y -1 (A =y)yr? —r—w?+1)

T (w) = )
s(w) A= (1= ) (1 =)
Y
THs(W) = TLg (w)ﬁ'
Optimal wholesale prices:
1 r2 —3r+2
wiT = —(2cy +7) +

4 421 —y)yr —r+1)’
T 2—r r

41-29(1—7)r) 4
1
wlHO = i(cH—r—i-l)—i-g,
yr 11—
wi = A
cg+1 ~or
wst = Ty
1 or
Manufacturer’s profits in each equilibrium outcome
2
AT (1—ca1=y)yr—r)+ (1 =y)yr?—r+1)
s 8(1— (=) =)L —y)yr—r+1) ’
LT (=) —r+1
= —(1=y1=2x
o (—en—(1-y)r)?
s A=)
* 1
A R I (s
LHUS (1 —cy —~r)?
Ms 8(1—r)
* 1 ~r
LU _
TrMS = g — §

First, notice that WJI\ZZ* > ﬂﬁg for all feasible parameter values: i.e., it is never optimal
for the manufacturer to produce high-quality product in response to retailer following underselling
strategy, hence (H,U) is never an equilibrium. The other five outcomes can be equilibrium outcomes,

depending on 7 and cp.

To determine thresholds in terms of 7 that define retailer’s choice of product quality represen-



tation strategy (O, T,U) substitute optimal wholesale prices into 7p¢ and 77,:

mo _ (2y—1) (—=c — 2v(cm + 1)r — 2(1 — cy)r — 2c — 57*r? + 6yr2 — r? + 3)
R 16yA(1 —yr)(yr —r+ 1) ’
Lo (27 = 1)(=5yr+r+3)
Tg = s
16y (1 — )

292 —2yr+r—1)+(y—1)yr2+r—1)°
(2v-1) (— (en (2 4(;2%—27)74:_1); ) 4 (1 =y)yr? =7+ 1)

T |
AyA1 = (L =7y)r)(L —97)
2
e . R aas)
e 41 =A(y = Dr+1)(1 —~r) ’
o (2= 1) (16942 — 329312 4 17932 — 412 + 169%r — 1697 + 1 + 3)
Tg - 16’}/)\ (2727“—277“—1— 1)2 s
o _ @y ) (ATt — 169 (29 -y — P 1) 7+ 3)
s 16(1 — )AL = 29(1 —)r)? ;
U= (27 = 1)(Gyr —4r+3)
160 - )AL~ (1-7)r)

To determine thresholds in terms of cy that define manufacturer’s choice of product quality H

or L, solve ﬂﬂfg* = W][\Z; = for cy to obtain
N !
Cg =

21 —y)yr—r+1

V(27 (1) =Dr+1)(2(1-7)272r3 =3(1 -2+ (2(1—y )7+ Dr—1) (=172 (16(1—7) (1N 7+ 1) +r(8(1—) (1=A\)7+1)—-1)
(2v2r—2yr+1)(2(1—y)yr—r+1)

and solve Wﬁg* = 771%42* = for ¢y to obtain

g =1+r(1—7) =1 -0 =) —-r(—y+8(1 = N7 +1))

Equilibrium Outcomes in Case of Skeptical Consumers:
The equilibrium outcomes for the case of skeptical consumers are derived in backward induction
fashion analogous to the benchmark model. Here are the outcomes for each of the stages: Optimal

retail prices:

plw) = l+w (1 —~o)r

2 2R
phw) = S0-ar+w).
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Reputation damage thresholds:

(w) 2y —1 (2y — 1)w?
TLsc \W = - )
(2—-¢) (1 —yr)(=¢(l—qr)—r+2)
THsc(w) = TLsc(w)ﬁ‘
Optimal wholesale prices:
1 29°(1 —)r —yr(l —r)
HT
= “(ey— 1
e = e G e+ (=) -6+ D)
N S Gk ) LA SR g
s¢ 29r(2y+ ¢ —3) =20 +4 2 ’
1 29 —1)r
w0 = i(CH —yr+1) + (2(2_(2) ,
LO (2y-Dr 1
= 2 41—
wSC 2(2_¢) + 2( fyr)7
1
ng = 5(1+CH_’YT)7
1
wch = 5(1 - 77")‘

Manufacturer’s profits in each outcome

e _ (en(r((=2v+64+1) —1) ¢+ 2)+ (yr = D(r(y¢ = 1) = 6+ 2))°
M 81 —yr)(r(v¢—1) =0 +2) (—r (212 —y(p+ 1)+ 1) — ¢ +2) '
rre o (L= (=r(l —9¢) — ¢ +2)
Mee 8(v(—r)(-2y—¢+3) — ¢ +2)’
o _ (lem +9r) +2(1 —cy) — 7~ ¢)?
Mo 82—-9)(r(v¢p—1) -9 +2)
ror _ —9(l—qr)—r+2
Mee 8(2-¢) ’
THUT (1—cy— ’YT)Q
Mee 0 8(L—r)
W]%/g: = é(l — 7).

First, notice that 72V" > 7#HU" and 719" > 7HO™ for all feasible parameter values: i.e., it is
’ Msc Msc Msc Msc 9

never optimal for the manufacturer to produce a high-quality product in response to the retailer
following underselling or overselling strategy, hence neither (H,U) nor (H,O) rises in equilibrium.
The other four outcomes can be equilibrium outcomes, depending on 7 and cyy.

To determine thresholds in terms of 7 that define retailer’s choice of product quality represen-
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tation strategy (O, T,U) substitute optimal wholesale prices into 7p¢ and 77,:

LLO _ 3(2v-1) (27 —1)%r
5 167(2—¢)  167(2— ¢)2(1 —r)’
4 o _ 2 (1-7)(2—¢—r(1-79))
gy _ &7 (2% ~ =i~ e T et )
SC 167 )
HT HT
. = Tsc )
Hsc 1 _ ,.Y
ST _ 2y-1 (1 —7) (4(2 = 7)v*r = 5yr + 1) B (27 — 1)(1 —47) |
5 4v(2 - 9) 1672 — ¢ —ry(3 =2y —¢))? 167(2— ¢ —ry(3—2v — ¢))
y
LU 2y -1 B (2y = 1)1 =) .
* 41-7)(2-9¢) 16(1—7)2—7r—d(1—77))

To determine thresholds in terms of cy that define manufacturer’s choice of product quality H

or L, solve Wﬁg* = W]I(/[q;* = for cy to obtain

o 2-0-r(l—)(1-19)

© T 2 g+r(l— (=27 +9)

(=) —1) = 6+2 VR =B -2 -9 — )26+ 10— 21+6) — 1)
E-6-mB-27-9)2—6—r(l—(1-2y+4)) |
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