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Abstract: Consumers often consult the reviews of their peers when deciding whether to purchase a
new experience good; however, their initial quality expectations are typically set by the product's
observable attributes. This paper focuses on the implications of social learning for a monopolist
firm's choice of product design. In our model, the firm's design choice determines the product's ex
ante expected quality, and designs associated with (stochastically) higher quality incur higher costs
of production. Consumers are forward-looking social learners, and may choose to strategically
delay their purchase in anticipation of product reviews. We demonstrate that the endogenous
nature of social learning gives rise to a complex tradeoff between accelerating consumer learning
(through a design of higher expected quality) and appropriating consumer learning (through a
design of lower expected quality). We show that this tradeoff results in an interesting phenomenon:
in the presence of SL, the firm opts for a design of lower expected quality. Moreover, we find that
the relationship between social learning and product design holds significant implications for both
firm profit and consumer surplus: contrary to conventional knowledge, we show that social
learning can have a net negative impact on the firm's ex ante profit, in particular when the
consumers are sufficiently forward-looking; conversely, we establish that unless the consumers
are sufficiently forward-looking, the net impact of social learning on the consumers' ex ante

surplus cannot be positive.
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Consumers often consult the reviews of their peers when deciding whether to purchase a new experience
good; however, their initial quality expectations are typically set by the product’s observable attributes.
This paper focuses on the implications of social learning for a monopolist firm’s choice of product design.
In our model, the firm’s design choice determines the product’s ex ante expected quality, and designs asso-
ciated with (stochastically) higher quality incur higher costs of production. Consumers are forward-looking
social learners, and may choose to strategically delay their purchase in anticipation of product reviews.
We demonstrate that the endogenous nature of social learning gives rise to a complex tradeoff between
accelerating consumer learning (through a design of higher expected quality) and appropriating consumer
learning (through a design of lower expected quality). We show that this tradeoff results in an interesting
phenomenon: in the presence of SL, the firm opts for a design of lower expected quality. Moreover, we find
that the relationship between social learning and product design holds significant implications for both firm
profit and consumer surplus: contrary to conventional knowledge, we show that social learning can have a
net negative impact on the firm’s ex ante profit, in particular when the consumers are sufficiently forward-
looking; conversely, we establish that unless the consumers are sufficiently forward-looking, the net impact

of social learning on the consumers’ ex ante surplus cannot be positive.
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1. Introduction

The influence of consumer reviews on the purchase decisions of potential product buyers has grown
dramatically in the last decade, with recent surveys suggesting that up to 69% of consumers
now consult peer reviews before deciding whether to purchase a product (e.g., Hinckley 2015,
Mintel.com 2015). This figure can only be expected to increase in the future: on one hand, rapid
innovation and technological advancements are rendering more and more products (e.g., consumer

electronics such as smartphones, media items such as movies, digital goods such as software, etc.)



increasingly complex and difficult to evaluate before purchase; on the other, the proliferation of
online forums and platforms hosting product reviews (e.g., Amazon, TripAdvisor, Yelp, etc.) is
providing consumers with unprecedented ease-of-access to the post-purchase opinions of their peers.

From the firm’s perspective, these trends translate into increasing pressure to understand how
various product policies interact with review-based social learning (SL) and to optimize these
policies accordingly (e.g., McKinsey 2010). In working towards such an understanding, a recent
stream of literature has adapted the classic theory of “experience goods” (Nelson 1970) to allow
for the exchange of post-purchase consumer opinions through product reviews.! So far, efforts
in this area of research have focused primarily on developing insights regarding optimal pricing
policies, implicitly assuming that a firm is endowed with a product whose attributes are specified
exogenously (e.g., Crapis et al. 2015, Papanastasiou and Savva 2016, Yu et al. 2015). This paper
takes the natural next step of recognizing the firm’s role in choosing these attributes — a decision

we refer to as

SL.

‘product design” — and investigating how this decision interacts with the process of

We focus, in particular, on product-design choices pertaining to ex ante observable “quality
attributes” (i.e., attributes which are valued by all consumers in a “more-is-better” fashion); for
example, in the design of a new smartphone, these attributes may include the processor speed,
screen definition, and memory capacity. Thus, product design in the context of this paper exhibits
the familiar tradeoff between adding or enhancing product attributes that increase the product’s
perceived quality (so as to increase the consumers’ willingness-to-pay), and avoiding higher costs
of production (so as to maintain higher profit margins). Although this tradeoff has been previously
studied from numerous perspectives (e.g., Villas-Boas 1998, Netessine and Taylor 2007, Jerath et al.
2015), existing work has by-and-large treated products as “search goods,” in that, conditional on
the product design, there is no quality uncertainty or, equivalently, no opportunity for consumers
to interact to resolve such uncertainty.? As a result, the implications of SL for product design
remain as-of-yet unclear.

Taking the above into account, in this paper we consider two main research questions. First,
how should a firm incorporate review-based SL into its choice of product design and, by extension,
how does SL affect product quality? Second, how does the interaction between SL and product
design impact the firm’s profit and the consumers’ surplus? To investigate these questions, we

develop a stylized two-period model that captures the interactions between a monopolistic firm

! The term “experience good” refers to a product whose quality is difficult to assess before purchase.

2 In reality, experience goods can exhibit significant quality uncertainty even when their design is perfectly observable
(e.g., owing to the complex interaction between a product’s components); recent notable examples include Apple’s
“bending” iPhone 6 (Forbes 2015) and Samsung’s “exploding” Galaxy Note 7 (Cnet.com 2016).



and a population of strategic (i.e., forward-looking) rational consumers. At the beginning of the
selling season, the firm chooses the product’s design, which in our model determines the product’s
quality only up to the expected value. Designs associated with higher expected quality incur higher
per unit production costs. Consumers are Bayesian social learners, and those who choose to defer
their purchasing decision to the second period can benefit by observing the reviews of first-period
buyers, thereby reducing their uncertainty over product quality. Our equilibrium analysis of this
model yields insights along three dimensions, which can be summarized as follows:

(i) Product Design. We show that the presence of SL results in a product of lower expected
quality. To explain this phenomenon, we demonstrate that SL influences the firm’s design
choice through two opposing effects: on one hand, designs of higher expected quality help the
firm accelerate consumer learning, but on the other, designs of lower expected quality allow
the firm to better appropriate consumer learning. Our analysis indicates that the latter effect
generally dominates, causing the firm to opt for a design of lower expected quality.

(ii) Firm Profit. We illustrate that the relationship between the firm’s ex ante profit and the
SL process critically depends on the level of strategic behavior in the consumer population.
As the fraction of buyers who write reviews increases (thus increasing the pervasiveness of
SL among consumers), we find that the consumers’ increased tendency to delay purchase in
anticipation of reviews may in fact reverse the benefits of increased consumer learning for the
firm. Thus, depending on the level of strategic consumer behavior, we observe that the firm’s
ex ante profit may be maximized when all (low degree), some (intermediate degree), or none
(high degree) of the consumers engage in writing reviews.

(iii) Consumer Surplus. We highlight that the presence of SL is often detrimental in terms
of the consumers’ ex ante surplus. Although the exchange of information through product
reviews generates value for consumers by allowing them to make better-informed purchasing
decisions, the detrimental impact of SL on the firm’s design choice (and thus on the product’s
expected quality) may overshadow this benefit. In particular, we show that the net impact of

SL on the consumers’ surplus can only be positive provided that they are sufficiently strategic.

2. Related Literature

The literature on SL has its origins in economics and the seminal papers by Banerjee (1992)
and Bikhchandani et al. (1992), which illustrate how agents endowed with private information
on some unobservable state of the world can learn from each other through observation of each
others’ actions. While earlier work focused on learning outcomes in homogeneous societies (i.e.,
agents with homogeneous preferences) and simple social structures (i.e., sequential actions and

observations), more recent work has expanded the scope of study to heterogeneous societies and



more complicated social networks (e.g., Acemoglu et al. 2011, Jadbabaie et al. 2012, Lobel and
Sadler 2015, Manshadi and Misra 2016). With the recent proliferation of online opinion forums
and review platforms where consumers exchange information on products and services, SL has also
received significant attention in the fields of Operations Management and Marketing: Chen and
Xie (2010) identify online reviews as a new element in the marketing communications mix, while
Debo and Veeraraghavan (2009) highlight the importance of consumers-to-consumer learning in
shaping firms’ operational strategies. Several recent papers build on the latter notion, studying
operational decisions in environments where consumers’ purchasing decisions are influenced by the
actions and opinions of their peers. Papanastasiou et al. (2016) illustrate how a review platform
can employ information obfuscation to promote exploration in a multi-product setting; Hu et al.
(2015) analyze inventory decisions when the consumers’ choices between two substitutable products
are affected by the choice of their predecessors; Debo and Van Ryzin (2009) and Papanastasiou
et al. (2015) explore the use of strategic stockouts as a means to increase demand through SL;
Crapis et al. (2015) point out the benefits of pricing policies that take the presence of SL into
account. Closest in spirit to our work are two recent papers by Papanastasiou and Savva (2016)
and Yu et al. (2015) that consider optimal pricing policies in the presence of review-based SL and
strategic consumer behavior.? In these papers, the firm sells a product whose quality attributes are
exogenously specified; by contrast, the main goal of our paper is to understand how SL interacts
with the firm’s (costly) choice of such attributes.

The firm’s choice of quality attributes is a central decision in another stream of research, which
is primarily concerned with “search goods.” In single-product settings, Xu (2009) highlights the
implications of the distribution-channel structure on a firm’s quality and pricing decisions, while
Shi et al. (2013) focus on the impact of different types of consumer heterogeneity (i.e., vertical and
horizontal). Jerath et al. (2015) consider how quality decisions are affected by demand uncertainty
and inventory risk. In multi-product settings, the literature on product-line design focuses on how
multiple products of different qualities may be offered in order to segment consumers based on their
heterogeneity in willingness-to-pay for quality (e.g., Mussa and Rosen 1978, Moorthy 1984). More
recent work in this area considers product-line decisions in the context of competition (Desai 2001),
development-intensive products (Krishnan and Zhu 2006), different distribution-channel structures
(Villas-Boas 1998), and different production technologies (Chen et al. 2013, Netessine and Taylor
2007), among others. A recent paper by Godes (2016) considers quality choice in a setting where
persuasive word-of-mouth communication between consumers occurs exogenously to the firm’s

policy, and argues that product quality should increase in the intensity of such communications.

8 For operational implications of strategic consumer behavior in other contexts, see Su (2007), Swinney (2011), Cachon
and Feldman (2015), and references therein.



Among other differences with this work, a central feature of our model is the endogenous nature of
word-of-mouth communications, both in terms of their intensity and in terms of their content; once
this endogeneity is taken into account, we show that optimal product quality decreases with SL.
Significantly, in all of the aforementioned papers, product quality is perfectly known conditional
on the firm’s design choice (i.e., in this work, design and quality are synonymous). By contrast,
in this paper we focus on the design of “experience goods,” which are characterized by ex ante

quality uncertainty despite their design being perfectly observable.

3. Model Description

We consider a monopolist firm selling a new experience good over a single selling season. The prod-
uct’s quality, ¢, is the sum of two components, ¢ and e. Component ¢ is observable and represents
the product design, which is chosen by the firm; by contrast, component € is an unobservable quality
shock, which is drawn by nature from the Normal distribution N (0, Jf,). The product design g is a
summary measure of all observable product attributes which consumers value in a “more-is-better”
manner (e.g., for a new smartphone, these may include the processor speed, screen definition,
memory capacity, etc.). Since in our model the firm’s design choice determines the product’s ex
ante expected quality, we occasionally refer to ¢ directly as the firm’s “quality choice.” Consistent
with the literature on endogenous product quality, we assume that a product of expected quality ¢
incurs a per unit production cost ¢(q), where ¢(+) is twice-differentiable, increasing and convex (e.g.,
Desai 2001, Moorthy 1984). On the other hand, nature’s shock e captures the ex ante uncertainty
associated with the product’s quality, which may be attributed to product characteristics which
are ex ante unobservable, such as the product’s usability, durability and usefulness, and/or to how
the product’s various components interact with each other (see also Papanastasiou and Savva 2016,
Yu et al. 2015).

The market consists of a continuum of consumers of total mass normalized to one, and sales of
the product occur in two representative periods, indexed by t € {1,2}. Each consumer demands at
most one unit of the product throughout the selling season, and a consumer who purchases the
product in period ¢ derives a net utility u; = 0" ~'(z;q;: — p) (e.g., Desai 2001, Jerath et al. 2015). In
the consumer’s utility function, x; represents the consumer’s willingness-to-pay for quality (referred
to as the consumer’s “type”), ¢; is the quality experienced by the consumer after purchase, p is
the product’s price, and § is a discount factor that applies to second-period purchases. We assume
that consumers are heterogeneous in their type, with x; components distributed on the positive
interval [x;,z;,] according to the probability density function g(-). Consumers also differ in their
ex post quality perceptions: conditional on the product’s underlying quality ¢, we assume that a

consumer’s post-purchase quality perception is a random draw from the distribution ¢; ~ N(q, 03),



where 02 measures the extent of heterogeneity in consumer-specific taste (e.g., Papanastasiou and
Savva 2016).* The discount factor & € [0,1) captures the rate at which the product’s perceived
value declines, but may also be interpreted as the degree of the consumers’ patience or the level of
strategic consumer behavior in the consumer population (e.g., Cachon and Swinney 2009).

In the first period, the consumers enter the market, observe the product’s design ¢, and arrive
at a rational prior belief over ¢, which we denote by ¢,; since § =¢+ € and e ~ N (0,a§), this
prior belief is Normally distributed g, ~ N (q,oi).5 From the consumers who choose to purchase
a unit in the first period, we assume that a fraction § € [0, 1] write a product review, with each
review consisting of the consumer’s ex post perception of quality ¢;.° Parameter 3 is referred to
throughout as the consumers’ “review propensity” and plays a central role in our analysis, as it
essentially determines the pervasiveness of SL in the consumer population; the extreme case of
B =0 represents settings where SL is absent.”

In the second period, consumers remaining in the market engage in the review-based SL process
described as follows. Let n denote the mass (henceforth the “number”) of customers who purchase
in the first period, so that the number of reviews available in the second period is fn. Customers
remaining in the market observe the reviews and update their belief over ¢ from ¢, to ¢, via
Bayes’ rule. Given the above specifications of the consumers’ prior belief and the review-generating

process, the updated belief is G, ~ N(q,,0?), where

! nfy Rand 02 = —"— (1)

u = + w )
4 n,B’y—i—lq npy+1 nBy+1

with R representing the average of first-period reviews and v := Z—és The updated quality expec-
tation ¢, is a convex combination of the prior expectation ¢ and the average rating R. The weight
placed by consumers on the average rating R increases with the number of product reviews, and
with parameter «, which is the ratio of prior quality uncertainty relative to review noise.

All of the above are common knowledge; in addition, each consumer has private knowledge of
her own type, x;. At the beginning of the selling season, the firm chooses the product design ¢ to

maximize its expected profit. We conduct our main analysis under the assumption of an exogenous

4We note that this implies that a consumer’s type is independent of her ex post quality perception; this can be
relaxed without loss, provided any association between the two is common knowledge.

5 Note that this is also the firm’s belief over § at the beginning of the selling season; there is no information asymmetry
between the firm and the consumers at any point in our model.

5 The analysis is unchanged if we assume, alternatively, that a review consists of the consumer’s ex post net or gross
utility.

" We note that as in Papanastasiou et al. (2016) and Yu et al. (2015), our model implicitly assumes that all consumers
are ex ante aware of the product’s existence. We discuss the potential implications of this assumption in §8.

8 Formally, since the purchase of each consumer is infinitesimally small, each review is only infinitesimally informative;
thus, learning occurs on the aggregate of all available reviews (see Bergemann and Vélimaki (1997) for more details).



price p (e.g., Swinney 2011), which allows us to illustrate the drivers underlying the firm’s design
choice and is relevant to settings where price is constrained by market norms/expectations.” We
subsequently extend our analysis to the case of endogenous pricing and demonstrate that our main
insights continue to hold qualitatively (see §7). For simplicity, we assume that the firm operates
in the absence of any binding capacity constraints (e.g., Papanastasiou and Savva 2016, Yu et al.
2015). The consumers make adoption decisions to maximize their expected utility; this implies,
in particular, that a consumer will purchase the product in the first period only if the expected
utility from doing so is nonnegative and greater than the expected utility of delaying the purchase
decision.

Throughout our analysis, we make the following two technical assumptions.

ASSUMPTION 1. g(+) is the probability density function of an inverse-uniformly distributed ran-

dom variable with parameters (a,b), where 0 < a <b.
ASSUMPTION 2. The firm’s cost function satisfies ¢ (i) <p<c <m%>

The first assumption implies that consumer types are supported on [b=%,a™!| (i.e.,, z;=0"", x), =

a~') with a probability density function (pdf) g(z) = ﬁ, and a cumulative distribution function

(cdf) G(z) = b(;f;)l (see Figure 1 for an example of the pdf and cdf of an inverse-uniform random

variable). This distributional assumption simplifies analysis and exposition, and does not appear to
affect our results qualitatively; in Appendix B, we demonstrate that our main results extend to the
more general class of distributions with increasing hazard ratio. The second assumption is made
in order to avoid extreme solutions to the firm’s problem. In particular, ¢ (fh) < p implies that it
is profitable for the firm to launch the product (i.e., there exist at least some quality choices which
result in positive firm profit), while ¢ (gﬂ%) > p ensures that the firm’s cost function is sufficiently
steep so that it cannot be optimal to design a product that covers the entire market.

Our analysis of the game between the firm and the consumers proceeds as follows. First, we
consider the subgame played between the consumers under an arbitrary product design and estab-
lish the consumers’ purchasing strategy. Then, we analyze the firm’s optimal design choice and
investigate the implications of social learning for firm profit and consumer surplus. Throughout

our analysis, we focus on equilibria in pure strategies.

4. Consumers’ Purchasing Strategy
In the model described in §3, the presence of SL influences the consumers’ decision-making pro-

cess in two respects. First, depending on the consumers’ level of patience &, the anticipation of

9 For example, new iPhone models have been historically introduced at the same price, despite differences in their
technological capabilities (Fleishman 2016).
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Figure 1 The probability density function (left) and cumulative distribution function (right) of an inverse

uniform random variable with shape parameters ¢ =0.5 and b=1.

product reviews may affect their decision of when to make the purchasing decision; second, for
consumers who remain in the market in the second period, the information contained in product
reviews may affect their decision of whether to purchase the product. We begin our analysis with
a characterization of these two effects, for an arbitrary firm choice q.

Consider first an individual consumer’s decision of when to make her purchasing decision. In
our two-period model, each consumer decides in the first period whether to buy a unit or delay
her purchasing decision until the second period. According to the prior belief g,, for a customer of
type z; the expected utility from purchasing in the first period is ;¢ — p. On the other hand, if
the consumer delays the decision, her expected utility from purchase in the second period will be
x;q, — p, where g, is the updated mean belief after observing the reviews of her peers (thus, for
the purposes of our model, g, may be described as the “outcome of the SL process”). In deciding
whether to delay her purchase decision until the second period, the consumer takes an expectation
of her second-period utility with respect to the SL outcome, which is viewed in the first period as

a random variable. In particular,

LEMMA 1. Suppose that m reviews become available to consumers remaining in the market in the

second period. Then, in the first period, the expected utility from delaying purchase for a customer

of type x; is

Elup] = (5/:0 (x;s —p)h(s;q,m)ds, (2)

where h(-;q,m) is a Normal density function with mean q and standard deviation o, /m’:ll. Fur-

thermore, Elu;) is strictly increasing in m.

All proofs are provided in Appendix A. Lemma 1 suggests that h(-;q,m) (i.e., the density of the
ex post mean belief) is the density of a Normal random variable, whose mean is equal to the prior

mean ¢, and whose variance increases with the number of reviews m. To see why this occurs,



consider first the extreme case m = 0. Since in this case no reviews become available in the second
period, the consumer’s mean belief must remain unchanged from the first to the second period, so
that ¢, = q. By contrast, as the number of reviews m increases, the posterior mean belief becomes
increasingly likely to depart from ¢, and this is captured through an increase in the variance of ¢,.
The ex ante distribution of the ex post mean belief ¢, is often referred to in decision theory as the
“preposterior” distribution of ¢,, a term we will adopt in the remainder of our analysis.

For the consumer, expression (2) captures the cost and benefit of waiting until the second period.
The cost is simply the discount § which is applied to second-period utility, while the benefit is
the option value of delaying the decision, whereby the consumer’s uncertainty will be (partially)
resolved through observation of the reviews, and the consumer will purchase only if this resolution
is sufficiently favorable (hence the lower limit of the integral in (2)). The last part of Lemma 1
verifies an intuitive feature of the consumers’ decision process: the larger the amount of information
available in the second period, the higher the value of delaying the purchase decision (in our model,
this feature arises naturally as a consequence of an increased preposterior variance).

Although Lemma, 1 treats the amount of information available in the second period as exogenous,
an important aspect of our model is that the amount of information available in the second period
(i.e., the number of reviews m) is endogenous to the adoption decisions of the consumers in the first
period. The equilibrium in the consumers’ adoption game is thus characterized by two opposing
forces: on one hand, the higher the number of reviews consumers expect to be available in the
second period, the higher the number of consumers who will choose to delay their purchasing
decision; on the other, the higher the number of consumers who choose to delay their purchasing
decision, the smaller the number of reviews available in the second period. Proposition 1 below
describes the unique threshold-type pure-strategy equilibrium that results. We use ¢(-) to denote
the standard Normal pdf, with the corresponding cdf denoted by ®(-) and ®(-) :=1— ®(-).

PROPOSITION 1. For any given q € [L ﬂ} , a consumer of type x; will purchase a unit in the

a:h’a:l

first period if and only if x; > z(q), where z(q) € {%,xh] is the unique solution to the implicit

equation
Y —1—5/ d(s)ds =0,
Y
with Y = %—q and o, = o, % Furthermore, z is increasing in the review propensity 5 and

in the consumers’ patience level &, and decreasing in the firm’s design choice q.

According to Proposition 1, consumers with relatively higher types purchase in the first period
in order to avoid discounted utility, while lower-type consumers prefer to wait until they are more

informed. Notice that the purchasing threshold z(q) is higher than %, which suggests informational
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free-riding: at least some consumers whose expected utility from purchase is positive in the first
period nevertheless choose to delay adoption in anticipation of the reviews of their peers. The
properties associated with the threshold strategy are intuitive: if the first-period buyers’ tendency
to write reviews is higher, a relatively larger number of consumers decide to delay their purchasing
decision as a result of an increased amount of information available in the second period; on the
other hand, if the product’s ex ante expected quality is higher, fewer consumers find the wait for
more information to be worthwhile.

In the second period, the decision of consumers remaining in the market is straightforward: they
simply observe the reviews of first-period buyers, update their belief over product quality to §,,

and purchase a unit provided x;q, —p > 0.

5. Firm’s Design Choice and Profit
In the presence of SL, the firm’s optimal design choice depends on the interaction between produc-
tion costs, potential outcomes of the SL process, and the consumers’ strategic purchasing behavior.
Settings characterized by different combinations of product and consumer characteristics may call
for emphasis on different aspects of this interaction. To gain an understanding of the various effects
at play, our analysis of the firm’s design choice builds progressively as follows. We first establish
a benchmark where there is no SL and no strategic purchasing delays. Next, we consider the case
where SL occurs in the second period, but where consumers are sufficiently impatient (“myopic”)
so that no consumer strategically delays purchase until product reviews become available. Then,
we analyze the more general setting which combines SL and (at least some degree of) strategic
consumer behavior.

To facilitate exposition of the analysis in this section, we introduce the following notation.

DEFINITION 1. f(-;u,v) denotes a Normal pdf with mean p and standard deviation o, =
Thus, f(+;u,v) will be used below to describe the density of the preposterior distribution when the

firm’s design choice is p and the consumers’ purchasing threshold (given in Proposition 1) is v.

5.1. Benchmark: No Social Learning

The benchmark case where there is no SL is retrieved from the general model by setting =0 (i.e.,
so that no consumers write reviews). In the absence of SL, the firm chooses ¢ and any residual
quality uncertainty can only be resolved by consumers if they purchase and experience the product
themselves. Since there is no opportunity to learn from their peers, there is also no rationale for
consumers to delay their purchase decision until the second period (irrespective of their patience
level 9). Therefore, the model collapses to a single-period model where, given the firm’s design

choice, consumers with expected utility ;¢ —p > 0 purchase a unit (i.e., the purchasing threshold
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of Proposition 1 in this case is z = 5). The firm’s profit, as a function of its quality choice ¢, is then

given by

mola) = (0= ela)) | " g(a)dz. (3)

q

In identifying the optimal product design, the firm faces a tradeoff involving the profit margin
(p—c(q)), which is decreasing in the design choice g, and the volume of sales achieved [," g(x)dx,
q

which is increasing in g. The resolution of this tradeoff is characterized in the following proposition.

PROPOSITION 2. In the absence of SL, the optimal design choice q; is given by the unique

solution to the implicit equation
p—clg
P=cld) _;_qp. (4)

5.2. Social Learning with Myopic Consumers

We next consider the case where consumers are myopic (i.e., no consumer delays purchase strate-
gically), but consumers who did not purchase a unit initially may later be persuaded to purchase
through the reviews of their peers (i.e., 6 =0, 5 > 0). In this case, a consumer will purchase a unit
in the first period provided x;¢ — p > 0, while in the second period, a consumer remaining in the
market will purchase provided x;q, — p > 0, where ¢, is the updated mean belief after observing

the available reviews. Using Definition 1, we may express the firm’s expected profit as

() = 70(g) + (0 — (@) / f i{g’xl}gw (s;q, {;) drds. (5)

The firm’s first-period profit at design choice ¢ is equivalent to the firm’s profit in the benchmark
model in §5.1 (i.e., mo(q) is as given in (3)). In the second period, any sales are contingent on the
content of product reviews: no sales occur if the updated mean belief, denoted by s in (5), is lower
than the prior ¢ (i.e., when the outcome of SL is “negative”), while in the opposite case (i.e., when
the outcome is “positive”) the number of sales achieved increases with s up until the entire market
is captured.

Under Assumption 1, the firm’s profit function can be shown to be concave in the design choice

q, leading to the result of Proposition 3.

PROPOSITION 3. When consumers are myopic, the optimal design choice ¢, is the unique solu-

tion to the implicit equation

p—c(q) _ (b—a)p—o. fOVCD(s)ds
0@ V) + = (5(0)— o(V))

where V = b’;—;q and z = %. Furthermore, the product’s expected quality in the presence of SL is

(6)

strictly lower than that in its absence; that s, q, < ;.
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The latter part of the proposition suggests a striking phenomenon: the SL process provides an
incentive for the firm to lower the product’s expected quality. The significant implication of this
finding is that SL may inadvertently result in the production of experience goods whose quality
is lower on average. To develop an understanding of this result, it is instructive to first identify
how SL affects the “margin-vs-sales” tradeoff faced by the firm, and in particular how it affects
the firm’s expected sales (since the profit margin (p —¢(g)) is independent of consumer learning).
We do so by first considering a simpler setting where consumer learning occurs exogenously in the
second period.

EXAMPLE 1. Suppose that § =0, but that a proportion 6 € [0, 1] of the ex ante quality uncer-
tainty is resolved exogenously in the second period. Then (i) for any fixed ¢, the firm’s expected
sales (and therefore its expected profit) are strictly increasing in #, and (ii) the firm’s optimal
design choice ¢, is strictly decreasing in 6.

Example 1 constructs a setting where the eztent of consumer learning (captured by €) does not
depend on the early sales volume, and therefore does not depend on the firm’s quality choice. Thus,

in this example, the firm’s profit can be expressed as

m()=m@+p—c@) [ [* o) (sia ko) o

for some fixed ky which is positively related to the parameter 6. This exogenous-learning paradigm
reveals two significant effects, which are helpful in developing intuition regarding the firm’s problem
when learning occurs endogenously through product reviews.

First, observe that that the firm’s expected sales and profit increase with 6, even if the design
choice ¢ is held constant. In particular, note that the firm’s first-period sales are independent
of 6, but that the firm’s expected second-period sales are strictly increasing in 6. To see why
the latter occurs, note that an increased extent of consumer learning renders both more positive
and more negative second-period learning outcomes ex ante more likely (since the preposterior
variance increases); however, the effect of this increased variability on the firm’s expected sales is
asymmetrically positive: while the firm benefits as more positive outcomes become more likely, it
does not suffer as more negative outcomes become more likely, since all negative outcomes result
in equivalent (i.e., zero) second-period profit. As a result, the more the consumers are able to learn
about the product in the second period, the higher the firm’s expected sales.

Second, notice that consumer learning causes the firm to decrease the product’s expected quality
q;,. This observation is the result of an intertemporal sales-cannibalization effect that takes place
in the presence of consumer learning: the higher the number of consumers who purchase in the

first period, the lower the number of consumers remaining in the market in the second period,
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and therefore the lower the potential to generate sales through consumer learning — put simply,
while the firm’s first-period sales increase in ¢, its second-period sales decrease in ¢. This has the
effect of tilting the balance between the firm’s profit margin and its total expected sales towards a
lower-expected-quality product, which better allows the firm to generate sales from the consumer
learning process.

Now let us return to the case where consumer learning occurs endogenously through product
reviews. In this case, the two effects identified in Example 1 become conflicting with regards
to their impact on the firm’s design choice. On one hand, the firm would like to increase the
extent of consumer learning so as to increase its expected profit; when learning is endogenous,
this is achieved through a higher number of first-period sales and reviews, which implies a higher
investment in the product’s design. On the other hand, as Example 1 suggests, the best way to take
advantage of consumer learning is to decrease the design investment so as to reduce intertemporal
sales cannibalization. This tension between accelerating and appropriating the SL process is what
determines the firm’s optimal design choice. As 8 increases from zero, Proposition 3 establishes
that the appropriation effect generally dominates; as a result, the firm opts for a design of lower
expected quality.

Thus, what we observe here is that, instead of placing pressure on the firm to increase the
quality of its product, the SL process in fact acts a substitute for the firm’s quality investment.
In the absence of SL, the firm relies exclusively on the product’s observable design in order to
generate sales, and is therefore forced to invest more in the product’s quality attributes. By contrast,
when the product’s unobservable attributes become observable to the consumers through the SL
process (and despite the fact that the outcome of this process is equally likely to be favorable or
unfavorable), the firm finds itself with less of an incentive to invest in a high-quality design.

To conclude our discussion of the myopic-consumer case, we consider how the SL process affects

the firm’s expected profit.

PROPOSITION 4. When the consumers are myopic, the firm’s optimal expected profit is mono-

tonically increasing in the consumers’ review propensity 3.

In order to draw the conclusion of Proposition 4, an argument based on a fixed product design
q will suffice. For any fixed ¢, as the consumers’ review propensity (8 increases, the firm’s profit
in the first period remains unchanged, but the extent of consumer learning in the second period
increases (this manifests as an increase in the preposterior variance in (5); see also Definition 1).
As discussed in the context of Example 1 above, this has an asymmetrically positive effect on the
firm’s expected second-period sales, thus resulting in higher expected profit. It follows that profit

can only increase further if the firm chooses g optimally.
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5.3. Social Learning with Strategic Consumers

We have seen in §5.2 that in the absence of strategic purchasing delays, SL (i) induces the firm to
lower the product’s quality relative to the case where there is no SL, and (ii) results in an increase
in expected firm profit. In this section, we focus on the impact of strategic consumer behavior on
the firm’s design choice and profit. When the consumers are strategic, the firm’s expected profit is
given by

@, 0o rz(q)
r(g) = (p—c(q)) / g(2)dz + (p— c(q)) / / o(0)f (5:q.2(q) deds,  (7)

(@ 25 Jmax{,;}

where z(q) is the first-period purchasing threshold described in Proposition 1. In order to isolate
the effects of strategic consumer behavior, it is instructive to think of the firm’s profit along the

lines of Lemma 2.

LEMMA 2. In the presence of SL, the firm’s expected profit can be expressed as

ma(q) = mm(q) — (p = (q)) (Sp +51), (8)

where m,,(q) is the firm’s profit in the absence of strategic consumer behavior (given in (5)), while

Sp >0 and Sp >0 are given by

& 2@ q L
Sp = g(x)f (s1q,2(q)) dxds + g(x)f (s;q,2(q)) dxds,
/) I/

o= /qoo /max{g,zz} g<m)[f (8; q7pq71) B f (S; 49, Z(Q))]d[ﬂds

Lemma 2 illustrates that strategic consumer behavior negatively impacts the firm’s expected
profit through two channels. The first is the “delay” channel (corresponding to term Sp), which
represents the potential loss of sales from consumers who, despite having a positive expected
utility from purchase in the first period, decide to delay their decision until the second period
(i.e., consumers of type § < x; < z). All such sales are retained by the firm only if the updated
quality belief s is higher than the prior ¢ (in which case Sp = 0); if the opposite occurs, either all
(significantly lower s) or a fraction (moderately lower s) of these sales are lost.

The second channel, which we refer to as the “learning” channel (corresponding to term Sp), is
more subtle but equally significant. This channel captures the expected loss of sales that occurs as
a result of a weaker SL effect. In particular, recall that the firm benefits in the second period from a
higher extent of consumer learning (i.e., from a higher preposterior variance); however, as a result
of strategic purchasing delays in the first period, fewer reviews are available in the second period,
resulting in a decrease in consumer learning. In turn, this negatively affects sales generated from

consumers who would consider purchasing in the second period (i.e., consumers of type z; < %)
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Thus, strategic purchasing delays effectively cause “market shrinkage” both in the first period,
through intertemporal purchase-decision shifts, and in the second period, through a weaker SL
effect. Taking into account these two detrimental effects, the firm’s adjusts its design choice as

described in Proposition 5.

PROPOSITION 5. The optimal design choice in the presence of SL, g%, satisfies the implicit equa-

tion

p—c(q) _ (b—a)p—o. f;@(s)ds (9)
(@) OV)+ %= (3(Y)+YO(Y)—o(V))

where V ="2=1y = —;q, and z is specified in Proposition 1. Furthermore, there exist thresholds

Oz

Ay, Ao, A3 €10,1) such that (i) ¢& > q, for any 6 > Ay, and (i) qF < q for any Ay <§ < Aj.

q SIS]

Although the values of the thresholds A;, A,, As appear difficult to establish analytically, our
numerical experiments suggest that the properties of the optimal design choice ¢ stated in Propo-
sition 5 hold in general, so that ¢, < ¢* < ¢; holds across all values of ¢ (e.g., see Figure 2).

The left-hand side of the last inequality (i.e., g, < ¢*) represents an intuitive measure taken by
the firm to combat the consumers’ tendency to strategically delay their purchase. By increasing
the product’s expected quality, the firm attempts to contain the two detrimental effects of strategic
consumer behavior identified in Lemma 2 (recall from Proposition 1 that the number if first-period
buyers increases in ¢). The right-hand side (i.e., ¢¢ < ¢ ), however, indicates that although strategic
consumer behavior forces the firm to increase the product’s expected quality, the optimal design
choice still remains lower than that in the absence of SL. Thus, in terms of the acceleration-versus-
appropriation tradeoff described in §5.2, Proposition 5 suggests that strategic consumer behavior
forces the firm to place relatively more emphasis on accelerating consumer learning (leading to a
relative increase in the product’s expected quality), but that appropriation nevertheless remains
the dominant force in the firm’s design choice.

We next consider the impact of strategic consumer behavior on the firm’s expected profit. First,
note that since both Sp and Sy, in (8) are positive, it follows that strategic consumer behavior
always results in a decrease in the firm’s profit relative to the case where consumers are myopic
(i.e., for any ¢, we have 7,(q) < 7,,(q)). Our focus here is on whether the magnitude of this decrease
has a significant impact on the firm’s profit relative to the case where SL is absent; that is, whether
the firm, once strategic consumer behavior is taken into account, remains better off (ex ante) in
the presence of SL. Proposition 6 suggests that this is not necessarily the case.

PROPOSITION 6. Suppose that the firm’s design choice in the absence of SL, as given in (4),

satisfies qg > @. Then, for sufficiently high consumer patience &, the firm’s optimal profit is

monotonically decreasing in the consumers’ review propensity 3.
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Figure 2 Optimal quality choice as a function of the review propensity 3, at different values of consumer

patience J. Parameter values: ¢ =0.5, =2, 0, =1, v =1, p=0.3. Cost function: c(q) = ¢*.

The condition of Proposition 6 is essentially a condition on the firm’s cost function, which requires
that in the absence of SL the firm finds it optimal to serve a large enough portion of the consumer
population (we note that the condition is sufficient, but not necessary, for the result to hold).
Recall that when consumers are myopic, the firm benefits the more consumers engage in writing
reviews (see Proposition 4); by contrast, at the other extreme where consumers are highly strategic,
Proposition 6 suggests that this observation can be reversed, implying that the negative effects of
strategic consumer behavior can be strong enough to render the presence of SL detrimental.

More interesting still is the manner in which the transition occurs from cases where SL is bene-
ficial for the firm to cases where SL becomes detrimental. To illustrate, we conduct the numerical
experiments of Figure 3, where we plot the firm’s optimal profit as a function of the consumers’
review propensity 8. Observe that for intermediate values of §, the firm’s profit is nonmonotone
in S, initially increasing and then decreasing. From Proposition 4, we know that in the absence
of strategic purchasing delays, the firm’s profit increases with 3; however, note that according to
Proposition 1 the consumers’ tendency to strategically delay purchase also increases with 5. The
numerical experiments of Figure 3 illustrate that the positive effects of consumer learning tend
to dominate the negative effects of strategic consumer behavior at low values of 8, but that the
opposite is true for higher values of 5. As the consumers’ patience J increases, the range of values
of 8 for which the firm benefits from SL shrinks from above and eventually vanishes, leading to

the result of Proposition 6.

6. Consumer Surplus
So far, our analysis has focused on the implications of SL for the firm. In this section, attention

is focused on the consumers’ perspective, which becomes especially interesting in light of the
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Figure 3 Optimal firm profit 7™ as a function of review propensity 3, at different values of discount factor §.

Parameter values: a =0.5, b=2, 0, =1, v =2, p=0.25. Cost function c(q) = ¢°.

preceding analysis. In particular, the net impact of SL on the consumers’ surplus is determined
by two opposing effects. On one hand, SL allows consumers to learn from the experiences of their
peers, and as a result, to make better-informed purchasing decisions (it is straightforward to show
that, all else being equal, SL results in an increase in expected consumer surplus). On the other
hand, however, the analysis of §5 suggests that as a result of the consumers’ ability to learn from
their peers, the firm elects for a product of lower expected quality. Furthermore, the magnitude
of either effect is complicated by the discount factor ¢ applied to second-period utility and the
associated strategic purchasing delays this generates.

We begin our analysis of consumer surplus by highlighting the following pattern that emerges

as a result of the firm’s decision to lower the product’s quality.

LEMMA 3. For any firm design choice qs < q, there exist threshold types 1y > 1o with 11,19 €
<q%,z(qs)), such that every consumer of type x; >y (x; < 1)g) has strictly lower (strictly higher)
0

expected surplus in the presence of SL.

According to Lemma 3, low-type consumers benefit from the SL process, but this benefit comes at
the expense of high-type consumers. Consider, for instance, two consumers, one of the very highest
type (i.e., z; =a~!) and another of the very lowest type (i.e., z; =b~'). The high-type consumer
purchases the product in the first period both in the presence of SL and in its absence; however,
her expected surplus under SL is lower than that in its absence (i.e., % —p < % —p). By contrast,
the low-type consumer would never purchase the product in the absence of SL, but may do so in
the presence of SL in the second period, provided she learns that the product’s quality is much

higher than expected; thus, in the absence of SL her expected surplus is zero, while in its presence

it is strictly positive (in particular, her surplus under SL is 5fb;°(% —p) f(w;qs, 2(gs) )dw > 0).
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Lemma 3 therefore suggests that the main beneficiaries of SL are consumers who delay adoption
until the second period (i.e., those who benefit from the reviews of early buyers), while those
consumers who choose to purchase in the first period tend to suffer a loss in expected surplus.
This observation, along with the result of Proposition 3 (i.e., that product quality is lower in the

presence of SL), is sufficient to establish Proposition 7 below.

PROPOSITION 7. For sufficiently low consumer patience §, SL results in a decrease in expected

consumer surplus.

Since in the case of low § the utility of consumers who delay purchase until the second period (i.e.,
the main beneficiaries of SL) is highly discounted, the surplus loss of consumers who purchase early
dominates, leading to an aggregate loss in expected consumer surplus. In the opposite case (i.e.,
for high §), our numerical experiments suggest that consumers can benefit from SL. In Figure 4,
we plot an example of the dependence of consumer surplus on parameters § and ¢ (we note that
Figure 2 illustrates the firm’s corresponding quality choices for the same parameter values). At low
values of §, consumer surplus decreases in [ as (i) the firm decreases product quality aggressively
and (ii) the utility of second-period consumers is highly discounted so that the benefits of learning
in terms of surplus generated are limited. By contrast, for high values of §, the firm’s tendency to
decrease quality is tempered, and at the same time the benefits of learning increase as the utility

of second-period consumers is more highly valued.
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Figure 4 Expected consumer surplus as a function of review propensity 3, at different values of consumer

patience §. Parameter values: a =0.5, §=2, 0, =1, v=1, p=0.3. Cost function: c(q) = ¢°.
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7. Endogenous Pricing

In this section, we consider an extension of our model where the firm, in addition to its design choice

q, also chooses the product’s price p. A comprehensive analytical treatment of pricing decisions in

the presence of SL is provided by Papanastasiou and Savva (2016) and Yu et al. (2015), who cover

both pre-announced (i.e., fixed ex ante) and subgame-perfect (i.e., dynamic) pricing policies. Here,

our focus is on identifying how endogenous pricing affects the insights of the preceding analysis.
Under a pricing-and-design policy (p,q), the firm’s expected profit is given by

Th

7(p.q) = (p— () /

g
2(p,q)

(2)dz + (p - e(g)) /

z
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where we note that the first-period purchasing threshold z now also depends on the firm’s pricing
decision. With respect to the firm’s optimal policy, recall that in the exogenous-price analysis of
85, we cast the impact of SL on the firm’s decision as one that introduces a tradeoff between
accelerating and appropriating consumer learning; we then established that appropriation generally
dominates the firm’s design choice, resulting in an optimal design whose expected quality is lower
than that in the absence of SL. In the case of endogenous pricing, it is of interest to check whether
these findings extend both in terms of the drivers underlying the firm’s decisions (i.e., whether
appropriation of SL continues to be the firm’s focus), as well as in terms of the outcome of the
firm’s decisions (i.e., whether the optimal policy involves a product of lower expected quality than
in the absence of SL). While the latter can be deduced in a straightforward manner, in order to
establish the former we point out that the tradeoff between acceleration and appropriation may
also be viewed as one between increasing and decreasing, respectively, the volume of first-period
sales (note, however, that under endogenous pricing appropriation does not necessarily imply a
product of lower expected quality, since the firm can now control the first-period sales volume by
simultaneously modulating price and design).

The properties of the firm’s optimal price-and-design policy appear difficult to establish ana-
lytically, in part because of the difficulty in establishing uniqueness of an optimal policy (we note
that this issue is commonly encountered even in simpler two-dimensional problems that involve
stochasticity; see also Lu and Simchi-Levi (2012)). To make progress, we proceed by first providing
a partial analytical characterization of the optimal policy in Proposition 8 below; we then use this

result to investigate the properties of the firm’s optimal policy through numerical experiments.
PROPOSITION 8. Define the sets Cy ={(p,q):c(q) <p< 2} and Co={(p,q): ¢ < q(p)}, where

q(p) = {minq:wiq—pzé/:o (zis —p) f(s;q,b)ds, Ya; € [bl,al]}-

Tq

The optimal policy (p*,q*) lies in the set C = CyNCy. Furthermore:
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(i) If the optimal policy lies in the interior of C, then it satisfies the equation

gp [UZ/YVCI)(S)CZS} +c/(1q)§q [oz /YV<I>(s)ds] —(b—a)=0, (11)

pP_
where V =2=9 qpd Y = 24,

(ii) If the optimal policy lies on the boundary of C, then it satisfies g = q(p).

In Proposition 8, C'; is the convex set of policies where the firm’s expected profit is nonnegative: p >
c(q) ensures a positive profit margin, while p <  ensures a positive number of sales. Furthermore,
within C, any policy that involves ¢ > g(p) (where G(p) is the lowest expected quality at which
all consumers choose to purchase in the first period when the product’s price is p) increases the
firm’s production costs without increasing its revenues, and therefore cannot be optimal. Thus, the
search for an optimal policy can be restricted to the set C. Next, we note that the firm’s profit
function is smooth and continuous over the set C, positive-valued in its interior, and zero-valued
at all boundaries except boundaries involving policies with ¢ = g(p), if such boundaries exist. This
implies that an optimal policy can be found either in the interior of C', in which case it satisfies
the first-order necessary conditions %;f = g—; =0 (these reduce to equation (11)), or at its exterior,
in which case it satisfies ¢ = g(p).

Using the result of Proposition 8, we conduct numerical experiments to investigate (i) whether
the firm’s pricing-and-design policy remains geared towards appropriating, rather than accelerating,
the SL process, and (ii) whether the product’s expected quality remains lower in the presence of
SL, as compared to that in its absence. Across our experiments, we observe that equation (11)
generally specifies the firm’s optimal policy (i.e., the solution to the firm’s problem lies in the

interior of the set C') and that a solution to this equation is unique; we provide an example contour

plot of the firm’s expected profit as a function of price and expected quality in Figure 5.

18 2

Figure 5 Contour plot of expected firm profit as a function of price p and expected quality q.

Parameter values: a =0.5, b=2, 0, =1, y=1, 8=1, § =0.5. Cost function: c(q) = ¢°.
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In the top row of Figure 6, we examine whether the firm’s chosen policy increases or decreases
the first-period sales volume, by plotting the first-period purchasing threshold as a function of
the consumers’ review propensity at low (left) and high (right) levels of consumer patience. We
observe that this threshold is typically higher than that in the absence of SL (i.e., case =0 in
the plots), with the exception of cases where the consumers’ review propensity and the consumers’
patience are simultaneously very low. Therefore, as in the analysis of §5, we find that the firm’s
optimal policy is typically geared towards appropriating, rather than accelerating, the SL process.
In the middle row of Figure 6, we plot the firm’s optimal price-and-design policy. Although the
firm’s optimal policy is generally nonmonotonic, we observe that the optimal design choice (i.e.,
the product’s expected quality) is lower than that in the absence of SL, with the exception of
cases where the consumers’ patience and the review propensity are simultaneously very high. Our
experiments therefore indicate that, in most cases, the policy which the firm employs in order to
achieve appropriation of the SL process involves a design of lower expected quality, as was the case
in our preceding analysis.

We consider next the impact of endogenous pricing on the firm’s ex ante profit. Here, it is possible
to extend analytically the results of §5 which refer to the two extreme levels of consumer patience.

We start with the case of myopic consumers.

PROPOSITION 9. Suppose that the the firm’s optimal policy in the absence of SL satisfies Z—é <b.
0
Then, when the consumers are myopic (i.e., 6 =0), the firm’s optimal expected profit is monoton-

ically increasing in the consumers’ review propensity 3.

As we show in the proof of the proposition, the sufficient condition % < b guarantees that the
solution to the firm’s problem lies in the interior of the set C for all § € [0,1] (the corresponding
property of the optimal design choice was ensured in §5 by Assumption 2); once this is ensured,
the result, as well as the underlying intuition, mirror that of Proposition 4 in §5. Thus, when the
consumers are myopic, the firm continues to benefit from a higher review propensity 5. By contrast,
consistent with our analysis of the exogenous-price case, the same is not necessarily true in cases
where the consumers exhibit high levels of strategic consumer behavior.

ProproSITION 10. Suppose that the the firm’s optimal policy in the absence of SL satisfies % >
@. Then, for sufficiently high consumer patience §, the firm’s optimal profit is monotonically

decreasing in the consumers’ review propensity (.

The underlying intuition parallels that discussed in the preceding analysis for Proposition 6, and
is therefore omitted here for brevity.
In the bottom row of Figure 6, we plot the firm’s expected profit along with the consumers’

expected surplus, again for low (left) and high (right) levels of consumer patience. As in our
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preceding analysis, we observe that consumers benefit from a higher review propensity when they
are sufficiently patient, and are harmed by SL when they are impatient (except for cases of very
low (). Finally, we find that the firm typically benefits as the review propensity increases, although
relatively low values of propensity are sufficient to achieve the majority of this benefit; moreover,

the firm’s benefit from SL decreases as consumers become more patient.
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Figure 6 Top row: Optimal first-period purchase threshold as a function of review propensity £.
Middle row: Optimal price and quality as a function of review propensity (.
Bottom row: Expected firm profit and consumer surplus as a function of review propensity .

Parameter values: a = 0.5, b=2, 0, =1, v = 1. Cost function: c(q) = ¢°.
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8. Discussion

This paper studies the implications of review-based SL for a monopolist firm’s choice of product
design. In our model, the product’s design determines its quality up to the expected value, and
designs associated with higher expected quality incur higher per unit production costs. Consumers
are modelled as strategic (i.e., forward-looking) Bayesian social learners, who may choose to delay
their purchase decisions in order to benefit from the reviews of their peers.

In the described setting, we find that a monopolist firm operating in the presence of SL should
opt for a product of lower expected quality, a finding that challenges the commonly-held notion
that the increased influence of social learning on modern-day consumers should push firms to invest
more in the quality of their product.'® In particular, our analysis suggests that although selecting an
inferior product design leads to a decrease in early adoption, a lower volume of consumer reviews,
and a less favorable (on average) review content, this nevertheless puts the firm in a better position
to appropriate consumer learning in the subsequent stages of the selling season. It is important
to note here that our model focuses on the role of SL in resolving consumers’ uncertainty over
product quality, assuming that consumers are ex ante aware of the product’s existence. If this is
not the case, then SL may also serve to raise product awareness (e.g., Bass 1969). Including the
latter role of SL in our model would have obvious implications: assuming that product awareness
is positively related to the volume of early adoption, the firm will now have an incentive to choose
a relatively higher-quality design in order to entice more consumers to purchase early; whether the
awareness role of SL is powerful enough to overturn the firm’s decision to reduce product quality
will then depend on its relative importance.

In terms of the firm’s ability to extract profit from the SL process, we find that depending on
the degree of the consumers’ forward-looking behavior, the firm’s expected profit may range from
monotone increasing (low degree), to non-monotone (intermediate degree), to monotone decreas-
ing (high degree) in the pervasiveness of SL in the consumer population (this is measured in our
model by the fraction of consumers who engage in writing reviews). Recent trends in online com-

)

merce suggest a widespread belief that “more reviews are better,” with high-profile firms including
Apple, Dell, and Samsung encouraging the exchange of consumer opinions by soliciting and host-
ing product reviews on their online portals. However, our analysis highlights the importance of
understanding how the availability and anticipation of product reviews interacts with the purchase
behavior of a firm’s consumers. For example, our results suggest that in the case of innovative
%Tn the words of Amazon.com CEO Jeff Bezos: “The individual is getting empowered. And [...] the right way to
respond to this if you’re a company is to say, ‘OK, I'm going to put the vast majority of my energy, attention and

dollars into building a great product or service [...] because I know if I build a great product or service, my customers
will tell each other’ ” (Rose 2010).
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technology goods which are characterized by high performance uncertainty and short life cycles,
a high pervasiveness of SLL may do more harm than good for the firm, with the positive effects
of consumer learning being overshadowed by the consumers’ increased tendency to delay their
purchasing decisions.

Taking the consumer’s perspective, we find that the ability to exchange information through
product reviews is not necessarily beneficial ex ante for the consumers, owing to its detrimental
effects on the firm’s product design choice. In particular, we find that consumers tend to benefit
from a higher SL pervasiveness provided they are sufficiently forward-looking, but are typically
harmed by it when the opposite is true. Noting that the firm’s profit exhibits the opposite pattern
(i.e., higher SL pervasiveness benefits the firm when consumers are not too forward-looking), this
result may have implications for platforms such as Amazon.com and Yelp.com, which mediate
firm-consumer interactions and host product reviews. For instance, assuming that such platforms
are interested in maintaining positive surplus for both sides of the market, the appropriate balance

may be struck by modulating the volume of product reviews which is made publicly available.

Appendix

A. Proofs

Proof of Lemma 1 If m product reviews become available in the second period and their mean is R, then

by Bayes’ rule, the posterior belief ¢, is Normally distributed with a mean of
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where ¢ is the mean of the prior belief and v = —%. The posterior mean belief g, is viewed in the first period as a

o5
random variable (r.v.), since it depends on the unobservable realization of quality §, as well as the (noisy) aver-
age of first period reviews. Conditional on product quality §, the sample mean of m (i.i.d. Normal) reviews, R,

2
follows R ~ N(q, ‘;—‘?) and the updated mean belief follows ¢, | § ~ N <mwl+1q+ =4, ( T ) 03) Next,

my+ my+1 m

as ¢ is an ex ante Normal r.v. (¢~ N(q,07)), we have
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Therefore, the updated mean belief ¢,, upon which the consumer bases her purchase decision in the second

period, is viewed in the first period as a Normal r.v. with mean ¢ and variance m’:llag; let h(-;q,m) denote
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the corresponding pdf. In the second period, a consumer of type x; will purchase only if her updated expected

utility from purchase is positive. Thus, in the first period her expected utility from delaying purchase is

Eluip] =06 /:0 (z;8 —p)h(s;q, m)ds.
Now, note that an increase in m increases the variance of the preposterior distribution of ¢, , without changing
its mean. Since (i) the consumer’s second-period expected utility is nonnegative, increasing and convex in
¢. and (ii) g, is a Normal r.v., it follows from second-order stochastic dominance that the consumer’s utility
from delaying purchase is increasing in m.
Proof of Proposition 1 We show in turn that a threshold-type equilibrium exists and is unique. We then
establish the properties of the purchasing threshold.

(i) Existence. If it exists, a threshold-type equilibrium requires that consumers with type z; > z (z; < 2)
purchase a unit in the first period (delay purchase), for some z € [%,xh] In turn, this implies that a mass
of BG(z) reviews are made available in the second period. Therefore, the equilibrium is specified by the

following indifference equation (note f is defined in Definition 1)

zqu:5/oo(zsfp)f(8;q,2)ds

2

p_ p_ /e
zq—p:6<zq<i> (za q)—!—zaz(b(ZU q) _p(I)(Za q))

Let rhs (lhs) denote the right-hand side (left-hand side) of the last equation. Now, note that for z — x,

0, — 0 and therefore [hs — z,q — p and rhs — 0; that is lhs > rhs. By contrast for z — %, we have lhs — 0

and rhs — k for some k > 0; that is, rhs > lhs. Continuity then implies that there exists some z € [g,zh}

that satisfies the indifference equation. Furthermore, from the last expression, we have for Y := g(;q,

z

Y =5 (¢(Y)-Y®(Y)), (12)

which is equivalent to Y 4§ [ ®(s)ds =0.
(ii) Uniqueness. Rearranging expression (12), we have

Y

Ve —o(v) 19)

Note that

y(17<1>(§)),¢(y) = 1_¢(Y1)_% is decreasing in Y (since -& (1 -o(Y)- @) =¢(Y) >0),
with limy _, _ o (W) =1and limy_,q (m) = 0. Therefore, there exists a unique value
Y < 0 that solves (12).

We next establish that there exists a unique z € [%,mh} that solves Y = —F==2___ First note that for

G(2)By
2P\ Gy +1
=k h —P=24 _ —(and that lim — P2 | = ince lim ,/775(2)5" =0).
z = we have Zap\/m 0 and that 2oy, G(2)Bv oo (since z=an \ O\ G2)Byr1 0)
G(z)Bv+1

#IP\ G(z)py+1

Therefore, by continuity there exists at least one z € 5,3&4 that solves the equation. Moreover, to see that

such a solution is unique, note that

d p—2q _ B ((P=20)29(2) =2pG () (G (2) By +1)) _

dz [ &8 _ 2 - 3
2o\ Gyt 2(G(2)By+1) 22‘73(@?;);511)
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where the last inequality holds because for z € [g, mh} we have p—2q < 0.

(iii) Properties. (1) As § increases, Y decreases and therefore z increases. (2) As f increases, the function

_ . . _ G
——P=24___ increases (since -% P29 = P=24 _SG () and therefore z
v ] C(2)BY a8\ L. | _G=8y 920 [ C)BY ) G(z)8~_ (G(2)B7+1)

G()pr+1 P\ Gyt P\GGIB+1 )\ GEIB T
increases. (3) As ¢ increases, the function —2=2.—— decreases and therefore z decreases.

zop f(”()Z)BW
G(z)By+1

Proof of Proposition 2 In the absence of SL, the firm’s profit function is given by

mola) = (p—c(a)) [ o)t = (o cla))G (2) ,

(SN

which under Assumption 1 is equivalent to
T-a
mo(q) = (p—eld) { y— )

By Assumption 2, to maximize 7 (q) it suffices to consider values of g € [ap, bp]. It is straightforward to deduce

that (i) m(ap) > 0, (ii) my(bp) <0, and (iii) mo(q) is strictly concave. Therefore, the first-order condition

pclfg) = ¢ — ap is necessary and sufficient for optimality.

Proof of Proposition 3 The proof consists of two parts. In the first part, we establish that the firm’s
profit function is concave, and derive the first-order necessary and sufficient condition that specifies ¢f,. In
the second part, we show that the optimal design choice is lower in the presence of SL, i.e., ¢, < g5-

Part (i). When the consumers are myopic, the firm’s profit function is

w(0) = (- c(a) [ 9o+ (- cla //m{} J (534, %) dds,

q

for z = g. Under Assumption 1, the above is equivalent to

m(q)=p—-c(q) <£:Z+/qbp @:E)f(&q’z)d”/: (Z:§>f(s;q,z)ds)
20 (4002 [ st (o-2) [ o)

B2 (= ap+ 0. 600) = 6V) + (b= )B(V)

for V= b’;—:q > 0. Defining

we have
r=MS, ©#'=MS+MS', #'=M"S+2M'S" +MS".

Now, note that that by Assumption 2, (p — ¢(q)) is positive for ¢ € (ap,bp), and that ¢(-) is convex and
increasing so that M >0, M’ <0, and M"” < 0. Since S > 0 for ¢ € (ap,bp), the profit function is concave
(i.e., 7" <0) provided S’ >0 and S” < 0; we show each of the two in turn. First, we have
S'=1+0L($(0) = (V) + 0. (VO(V)V') = &(V) — (bp — q)p(V) V"
=0(V) + 0L (6(0) —o(V)),
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since o,V = (bp — q). Therefore, if o/ > 0, then S” > 0. Indeed,

/ d o ]- b—a
77 g = 519/3’7%
——— ((g—ap) By + (b—a) p)®
_1 (b_a)pgz
~2(q—ap)((g—ap) By + (b—a)p) >0 (14)

We next show that S” < 0. We have

S"=o(V)V'+ 0 (¢(0) = (V) + 0. (Vo(V)V').

Therefore, if V! <0 and ¢ <0, then S” <0. Indeed,

1 bp—qd 1
V/:—(+ p—1 UZ)Z-(1+V0;)<0

z

0. o2 dq

and

1

= —4po b—a —a
P e (a—ap) Byt (0—a)p)? ((b—a)p+467 (g —ap))

1 b-a (b-a)p+4By(a—ap))

4P (q—ap)® (¢ —ap) By + (b—a)p)

We have thus shown that the profit function is concave, so that the condition 7’ = 0 is necessary and sufficient

for optimality. Accordingly, we have

. —(q) = p—c(q) ) _
il (q—ap+0.(p(0) = (V) + (bp—q)B(V)) + G—a)p (@(V)+0.(¢(0) —9(V))) =0,

which reduces to

p—clg) q—ap+0.(6(0) —p(V)+VO(V))

o) (V) +%2(6(0) — o(V))
_ g—apto. fo O(s)ds
(V) + = (6(0) — o(V))
(b—a)p—o. [, ®(s)ds
(V) + 47=(6(0) — 6(V))

dq

Part (ii). Since the profit function is concave it suffices to show that 7'(¢;) < 0. Recall from Proposition 2

that ¢ is defined implicitly via
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-
For Vp = 2 we have
.

1

m(q5) = G—ap (—¢(a5) (25 — ap + 0. (6(0) = ¢(Vo)) + (bp — g3) B (Vo)) + (0 — () (2(Vo) + 0L (6(0) — ¢(V0))))
_p- (qo) 0. (%—ap 5 :
v B) (2 (B4 (5(0) - 6(06) + Vab(Va) ) + 0(1%) + 0 (600) ~ 6(V2)
_Dp- ap—bp\ =
(b (( a ap) (#(0) - (o)) + <q8 ap) <1>(V0)>
Thus, if (0 ) < 0 then 7'(¢5) <0 as required. Indeed,
0. (b—a)po. o. 1 2By (g5 —ap)+(b—a)p

!
o _Z

Cg—ap 2 (qo —ap) (@5 —ap) By +(b—a)p)  @5—ap 277 (a5 —ap) (45 —ap) By + (b—a)p)

Proof of Example 1 From the proof of Proposition 3, the firm’s profit function can be written as

w<q>=pb‘f<j) (Z-arZeo-o0+ (b-2)a-2m)),

b p p

. We first show that the firm’s optimal profit is increasing in 6. Using the

for V =

envelope theorem, we have

dr*  Om* p—c(q) <Up

6~ 90 b—a p(<f>(0)—¢(V)))>o.

We next show that the optimal design ¢, is strictly decreasing in 6. Noting that the profit function is concave,

we consider the first-order condition 7’(¢) = 0. We have

B2 o B -
;’(qi (‘1 _a—l—% ((0)— (V) + (b— ;) (1 —c1>(v)))

p

7pb cgﬁ(p (V)> f% <Za+%(¢(0)¢(v))+ (bg> (1@(‘/))).

p

Therefore, the optimal quality choice ¢}, is given implicitly via

ol et 0O o)+ (b-1)1-ew)
c(q) 19(V) :

Now, note that the lhs of the latter equation is independent of 6, while in the rhs the denominator is
decreasing in 6 (since V is decreasing in #) and the numerator is increasing in 6 (since its derivative w.r.t. 6

is 22 (¢(0) — ¢ (V)) >0). It follows that g;, is decreasing in 6.

Proof of Proposition 4 Under Assumption 1 (see also the proof of Proposition 3), we first note that the

firm’s profit function can be expressed as

@ =m0+ 5D ([ (220 s Dyass [ (5-2) sisia. D)

204l o (%) o 2)()

=mo(q) + b—a

s 2 (2 o (20)) 5 (-0 (1)) 21 (20
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dn* __ on*
o = 57 and

e () 5 ()35 <
+% (bp;q) ¢(bpgz q> < ) (
() 1 (0o (2

where the last inequality holds because 2 S5 > 0.

Invoking the envelope theorem, we have

Proof of Lemma 2 When consumers are strategic, the profit function is:

m.(q) = (p—c(q)) (/ dx+/ /max{p Il} (s;¢,2 )dxds)
=(p—clq)) (/ da:—i—/ / (s;q,2)dxds
/ /max{p 361} (s;q,z2 dmds—i—/ / (s;q,z d:vds)

When consumers are myopic, the profit function is:

P
aq

Tonlg) = (p—cl@)) ( oo [T ] ) }g(r)f(s;q,pql)da:ds>

Let m.(q) = mm(q) — K(q), so that K(q) =m,.(q) — 7:(¢q). Then

P

K<q>=<p—c<q>>< / Cowet [T @) (s.pa ) s

E ax{Z,z;}

_/ dx—/ / z)f(s;q,2 dxds—/ /max{pxl} (s;q,2 )dmds_/qoo[;zg(x)f(s;q,z)dﬂidS)
=<p—c<q>>( IRCZI A ax{gxl}g(w)[f (si.00°") = f (50,2 dods
—/:/;g(ac) $;q,% dmds—/ / (s;q,2 da:ds)
—C(Q))</qoo /max{p zl}g(ﬂf)[f (s;q,pq7") = f (539, 2)]dads
—/q/zg(x)f $;q,pq~ dxds—i—/ / f(s;q,2 dxds)
(/ /max{p rl} s q,pq_l) — f(s;q,2)]dxds
+Aq</g()f(5(b) /ﬁ g(x)f (s;q,2 d(E)dS-l—/ / f(s;q,2 d:cds)
(/ /max{p xl} s q,pq_l) — f(s;q,2)]dxds
+/£ /Q g(x)f (s;9,2 d:vds+/ / (s;q,z dxds)
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To complete the proof, define

so= [ OO | @it [ ] " @)f (s5,2) dads

St :/ /E 9(@)[f (s;q.pq7") — f (519, 2)]duds.
q max{Byxl}

Proof of Proposition 5 In the first part of the proof, we derive the necessary condition that must be
satisfied by the optimal design choice ¢*. In the second part, we show that there exist thresholds Ay, Ag, Aj €
[0,1) such that (i) ¢* > ¢, for any § > A1, and (ii) ¢* < ¢; for any Ay <J§ < Aj.

Part (i). When consumers are strategic, the firm’s profit function is

@ =0-co) [ o@ir+o—c@) [ [ o) deds

for z specified in Proposition 1. Under Assumption 1, the above is equivalent to

W(q):pb%ciq) (z‘l—a—&-[;p (;—z‘l)f(s)ds—i-/b:o (b—z‘l)f(s)ds>

b—a p
b— C(Q) P _
= —a)p (—ap +0: (¢(Y) = o(V) +¢2(V) = q2(Y) + ~&(Y) + bpq>(v>)
= fb__cé)q; (b= a)p+ 0. (G(Y) + YB(Y) — (V) ~ VO(V)),

for V="2"9and Y = gc_q. Note that the above profit function is smooth and continuous, and by Assumption

Oz z

2 we have 7(q) <0 for ¢ € (0, ap]U[bp, 00) and 7(q) > 0 for ¢ € (ap, bp). Therefore, a profit-maximizing quality
q* € (ap,bp) exists and satisfies the first-order condition 7’(q) = 0. Defining

M) = B0 and S(0) = (0 a)p-+.0. (60) + Y B(Y) ~ (V) = Va(V).

we have
7=MS, ¥ =MS+MS'
where
§'=0L(p(Y)+YO(Y) = (V) - VEO(V))
o (Y)Y +Y' () +YS(V)Y +V(V)V = V') = Vp(V)V')

oL (d(Y)+Y (V)= o(V)=Ve(V))+0. (YY) - V'®(V))

L O0) +YB) = 6(V) - Va(V) . ( -0V + Lota(v) )
7L (O(Y) + YY) = 6(1V) + &(V),

where we have used from (12) that Y depends only on § (i.e., Y’ =0). Then, 7’(q) = 0 implies — 24 = = or

p=clg) _ (b= ap+0. (6(Y) + YY) = 6(V) - VO(V)

(q) (V) +0l(¢(Y)+YO(Y)—o(V))
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p—c(q) _ (b—a)p—o. fy s)ds (15)
(@) ®(V)+ %= (oY) +Y¢(Y) (V)

Part (ii). By continuity of ¢ in 4, to prove the existence of the describe thresholds it suffices to show that

lims_,1 ¢* > ¢,. Since ¢ > ¢, (see Proposition 3), this is ensured by the following result, which we state as

a lemma for use in subsequent proofs.

LEMMA 4. Let g* (q5) denote the optimal quality choice in the presence (absence) of SL. Then lims_,; ¢* =

*

dop-

Proof. Let m,(q) (mo(q)) denote the firm’s profit function in the presence (absence) of SL. Note that ¢*
must satisfy the first-order condition 7/(¢) =0 and that, by Proposition 2, 7{(¢) = 0 has a unique solu-
tion ¢j. Therefore, to prove the claim, it suffices to show that lims_; 7 (q) = 7j(q). For S(¢) =b—a —
= (G(V) + VO(V) — $(Y) ~ YB(Y)), we have

m(g) =D )
(g =D g () - g
Then

Before calculating (16), we note that from Proposition 1 we have lims_; 2z = 2, = a™!, lims_; 0, = 0,
lims_,; V =00, and lims_,; Y = —oo. Furthermore, it follows from the properties of the Normal distribution

that lims_,1 ¢(V) =lims_,1 ¢(Y) =lims 1 YO(Y) =0 (where the last can be shown using L’Hopital’s rule).

In addition, we show here that lims_,; o/ =0. We have d;qz = %Z—; and
do, d ( \/ (% - (1) By 1 (b—a)Byo,
= — o —_
dz  dz """\ (1 —a)By+(b—a) 2 (2-a)p~ 2’
z 2 L
c (f*ﬂ.)B’Y"l‘(b a) (( a) B’y+( ))
which implies that lims_,; d“z = —oo0. Next, recall that z is defined implicitly (see proof of Proposition 1) via

Y -60(p(Y)-Y(1-9 (Y))) =:9(q,z) =0. Therefore,

PR ——5(} A(1—q>(y ()
s _ %9 _ i
dg 3 (=5 -0(-%¢ %%(1—<I><Y>> Y<z>< )
(-1 -2(Y))) :12__ 1 an
E(1-6(1-2(Y)) o* (&+Y9=)
so that
do,
TR (R S I (Y (R — )
§—1 dq §—1 (27+YTZZ) §—1 (dz:z +Y)
Tdz

Note that (17) also implies that lims_,; 2/ =0.

Using the above limits, we now calculate (16).

b
lim S(q )—b—a—ufg—a
6—1 p p
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6—1

iy ()= i (= (6(0) + VO(V) — 6(¥) ~ Y 8(Y) - Z (Vo (V) - v'a(v)))

Rl s+l f-a
(nOte:V :75 0_2 Y 70_727 0’3 O—z)
L ol o, 1 bp—gq, 52+1 t—q
—t (-Svem=5 (5 -7t 00— (55 - e o)
/ 1 bp — 2
—lim (- Zvew)- - ((-1- 295 o) - f(ﬁz’“)fZ—qa' o(Y)
51 D D o, ° 22 o. °
. o’ 1 ,
= lim (—ZV ( 1-Vo! —|—(—z +1) O(Y)+Yol® ))
5—1 p p
1 1 1
:fhm( olV+1+Vel —0YO(Y))=—-—limoY®(Y)=—
pé% p 5—1 p

It follows from the proof of Proposition 2 that lims_,; 7/ (q) = 7} (q) and the proof of the lemma is complete.

Proof of Proposition 6 Under Assumption 1, the firm’s profit function can be written as (see proof of

Proposition 5)

—c -
@) = 5= (g~ ap-+o. (6(¥) — 9(V) + VEV) + Ya(v))
p—clq) (1 o, = =
_ T T ey — (V) - YV
(L0 % o) o) VBV - YY) )
for V= b‘;:q and Y = %;q. Let 7* denote the firm’s optimal profit. Using the envelope theorem, we have
d;ﬁ = %’; , and
or 1 0z 1090, - - o, (OV = oY -
LI Y)— V)= YO(Y)) + = [ =d(V) - — (Y
=+ 25 ) —oV) + VW) - va(v) + & (SLav) - SLaw)
10z 100, o, p Oz -
=24 Y)—o(V))+ 2= Za(y
55t g 00 —ev) + % (L)
10z ,= 1 0o
= =2 (B(Y S (V) —d(V
25 @) =1+ T (60) —6(V))
where we have used g—‘ﬁ/ = _TVZ 88‘75 and % = —%a;; - zngz 2723' Now, note that from Proposition 1 we have
0z Yadz 0
%__W>
and that
o. _ do. YG§ 0o, YHEAG(EAYE)  FHE
0B dz (H+YeE) OB (Z+YE) (& +YE)

Therefore, it follows that if ¢(Y") < (V), then 5% 5 <0. Since Y <0 and V > 0, this occurs provided ¢* — £ >

bp — q¢* or, equivalently, provided z > Py b NOW, recall from Proposition 1 that z € [— xh], Wlth 2z

and lim;_,1 2 = x;. Therefore, for sufficiently high §, we have z >

provided that z;, = = > or

P

equivalently, provided ¢* > @ Suppose that ¢ > %; then, by Lemma 4, we have hm(b1 T =q; >

(atb)p
2

2q* —bp?

which, since ¢* is continuous in d, implies that for sufficiently large §, we have ¢* > @.
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Proof of Lemma 3 In the absence of SL, the firm chooses ¢f, and consumers with z; > % purchase a
unit and derive expected utility z;q5 — p, while customers with z; < do not purchase and derive zero
utility. In the presence of SL, if the firm chooses g, < ¢ then customers Wlth x; > z(qs) purchase in the first
period and derive expected utility x;q, —p. Since by Proposition 1 we have z(q,) € [i, a‘l} , this implies that
customers with x; > q% would purchase the product either in the presence or in the absence of SL; however,
the expected utility of these customers is strictly lower in the presence of SL, since ;¢ —p > x:q. — p. Next,
note that in the presence of SL, customers with x; < % have a strictly positive expected surplus equal to
5f (z;5s —p)f(s;9s,2(qs))ds while their expected utility in the absence of SL is zero. The above imply the
ex1stence of the threshold types ¥, € (£7 z(q,)) as stated in the lemma.

Proof of Proposition 7 The consumers’ expected surplus is given by
T, z(q)
s@= [ @a-pg)s+s / / (.5~ p)a(2) (520, 2(q) dxds.
2(q) ax{Z,z;}
In the extreme case of § =0, we have z(¢q) = £ and the above expression becomes S(q) = [z (ziqg—p)g(z)dz.
q
Now, recall from Proposition 3 that for 6 =0 the firm chooses ¢, such that ¢, < gi. Furthermore, note
from Lemma 3 that any customer with z; > z(q) has strictly lower expected utility in the presence of SL.
Therefore, for § =0 the expected consumer surplus is lower in the presence of SL. Continuity of S(q) and ¢*

in § then imply the existence of a threshold k£ such that consumer surplus is lower under SL for any ¢ < k.

Proof of Proposition 8 Note first that set C; covers all policies (p, ¢) that result in nonnegative expected
profit. Let D = {(p,q) : (p,q) € C1,q > @(p)}, and note that any policy (p,q) € D cannot be optimal, because
it is dominated by policies of the type (p,q) = (p,G@(p)) (i-e., the firm already achieves maximum sales at a
lower, and therefore cheaper, design choice). Thus, the solution to the firm’s problem is either of the type
(p, @(p)) if the solution is “exterior” (i.e., all customers buy in the first period), or it satisfies the first-order
conditions if it is “interior” (i.e., not all customers buy in the first period).

We next establish the equation that characterizes interior solutions. Using the simplification of equation
(15), the profit function can be written

w(p.q) = 20 ((b—a>p—az | wos).

Y

where V = bi—’q and Y =21 Let M =0, fy s)ds. We have

or _ p—c(q) oM c(q)
Gl (- aq) bogq (7P M)
oD (o)~ T 4 L (0 - ),

Next, if g—g = g—; =0, we have
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and substituting M we get

(q)

/qu>(s) ] [ / ds]—C()(b—a):o

/:q)(s)ds] g{ }—(b—a):o.

Proof of Proposition 9 We first show that Z—‘E < b ensures that for any § € [0,1] it can never be optimal
0

[Uz
z

3l

9

ap

)
p

to sell to all customers in the first period, which (by Proposition 8) is equivalent to showing that the optimal
policy lies in the interior of the set C for all 5 € [0,1]. Let 7§ := maxy, o To(p, ¢) and 7}, :=maxy, 43 T (D, q)
denote the firm’s optimal profit in the absence (8 =0) and presence (8 > 0) of SL, respectively. Let 7%, =
MAX ;2 >0} To (p,q) and ¥ = MAX (42 >0} T (p,q) denote the firm’s optimal profit when the firm’s policy
induces all customers to purchase in the first period (when the consumers are myopic, this occurs for any
B €10,1] provided % >b), in the absence and presence of SL, respectively. Next, notice that for any £ 1>p
we have m,,(p,q) =mo(p, q) (because all customers purchase in the first period), while for any £ <b we have
Tm (D5 @) > To(p,q) (see (5)). Now, % < b implies that 7§ > 7%,. In turn, this means that 7%, > 7., (p§, ¢5) >
7o (D5, q5) = 74 > mro = mr,. which implies that % < b so that it can never be optimal to sell to all customers
in the first period. Therefore, we have shown that the solution to the firm’s problem lies in the interior of
the set C for all 5 € [0,1]; monotonicity of the firm’s optimal expected profit in 8 then follows from the

application of the envelope theorem provided in the proof of Proposition 4.

Proof of Proposition 10 First note that for sufficiently high §, there does not exist any policy that
induces all customers to purchase in the first period, so that a solution to the firm’s problem must lie in
the interior of the set C'. Next, note that Lemma 2 extends to the case of joint pricing-and-design in a
straightforward manner given existence of an optimal solution in the benchmark case without SL; that is,
we have lims_,1{p*, >} = {p§, q5}- It follows that the application of the envelope theorem used in the proof

of Proposition 6 along with the sufficient condition therein extend readily to the case of endogenous pricing.
B. General Distribution of Consumer Types

In our main analysis, we have assumed that the consumers’ types (i.e., willingness-to-pay for quality) are

inverse-uniformly distributed. Here, we consider how our main results extend to the more general class of

Gy’

distributions with increasing hazard ratio h(-), where h(-) := this class of distributions includes, among
several others, the uniform distribution, which is commonly assumed in existing literature (e.g., Biyalogorsky
and Koenigsberg 2014, Moorthy 1984, Shi et al. 2013).

To begin, we note that Proposition 1 of our main analysis does not make any use of Assumption 1, so
that the result, which establishes existence and uniqueness of a threshold-type purchasing equilibrium, holds
unaltered. In the benchmark case where there is no SL, the optimal quality choice g which is characterized
in Proposition 2 now satisfies the necessary and sufficient (under the increasing-hazard-rate assumption)

condition

p—c(q) 1

@
‘@ u(z)p
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Proposition 3 then states that, in the case of myopic consumers, the optimal design choice in the presence

of SL is lower than that in its absence. This is a central result in our analysis, which extends to the class of

distributions with increasing hazard rate as follows.
PrOPOSITION 11. When the consumers are myopic, the optimal design choice ¢, satisfies the implicit

1— fgg D (V)g(z)dz as)

equation
p—cla) _
229 (2) = [3 (V) g () da

and z = §. Furthermore, for sufficiently large o, the product’s expected quality in the presence

where V = b‘; —4
of SL is strictly lower than that in its absence; that is, q&, < qj-

Proof. The profit function can be written as

Tp % =) P

m@=c@) | [“o@aer [T [Tr(s02)as) g
g o\’ %

=mo(q) +(p—c(9)) </x1 <éwf(s%q»z> d*s)g(f)dx)

Qs

/j (/;h(s;q,p> ds)g(a:)dx:/; ( ‘e
(1) [Te(:1)swan

so that
7 2_gq
m@=-c@) (1= ["o(S) g
z z
—(p—c(@) (1/ <1><V>g<x>dw>
xy
where V = % > 0. By Assumption 2, an optimal design choice ¢, € [ﬁ, z%} exists and satisfies the
necessary first-order condition 7/, (g) =0 or, equivalently,
p—c(q) _ l—ngIJ(V)g(a:)dx
D g (2) - [e(V)%g(@)de
We next show that for sufficiently large o,, we have ¢, < ¢g. Recall that ¢ is uniquely defined by
(2
p—clg) _ ¢ ()
(q) Zg (g)

P P
zp ) xg

}

and note that the lhs is strictly decreasing in g while the rhs is strictly increasing in g. Therefore, to show

that ¢, < ¢ it suffices to show that for all ¢ € [
G(f) - 1—fjl<1>(V)g(x)dx .
(2)  sm9(2)-Lio(n) g @)dn

g

q q
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Consider first the numerators, and note that 1 — fj ®(V)g(z)dr=G (%) +G (5) - ff ¢ <§U:q> g(z)dz=

G (f) + fj (1 - (%a:q)) g(z)dr > G (5) Therefore, a sufficient condition for the above inequality to

hold is that the denominators satisfy

;%g (Z) > %g (p> —/Zcﬁ(V) d%g(m)dx
2q () / 6 (V) g (2) de. (19)

7120'27 —qx z@
Now, consider the integrand of the rhs, and note that V' >0, % o g —(% (1 + Vd;qz ), and

2452
Teog

.1 g(2) &8y (G(2)Br+1)- ()/ng() 26y
o (c()m1)
B 1 g(ﬁ)q%ﬂv B 1

N T OEE O O

so that % <0 and the rhs of (19) is positive. However, we also have

L= o =-o) - (14752 ) 4@

0

P
2

1 - 1 9 (3)
=—¢<p qx) S Ty 9@
=)\ e )
To see that (19) holds for sufficiently large o, note that lim,, o I =0, because lim,, o 0, =00, lim,, 0o v =
o0, and lim,,, .. ¢ (%) —$(0). O

Thus, the main result that ¢, < ¢; can be shown to hold under the (sufficient but not necessary) condition

that o, (i.e., the ex ante uncertainty over the product’s quality) is sufficiently large. Proposition 4, which
states that the firm’s expected profit increases in 3, carries through unchanged. In the case of strategic
consumers, Proposition 5, which compares ¢ with ¢,, extends in a similar manner as Proposition 3 above,
and under the same sufficient condition that o, is sufficiently large. The result of Proposition 6, which
establishes that the firm can be hurt by the SL process when consumers are strategic, appears to hold
for at least some distributions (e.g., inverse uniform, uniform), but not necessarily for the entire class of
distributions with increasing hazard rate. Finally, Proposition 7, which states that consumers surplus is lower

under SL for sufficiently low §, continues to hold under the aforementioned sufficient condition.
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