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Referral bonuses, in which an existing customer gets an in-kind or cash reward for referring a new customer, are
a popular way to stimulate word of mouth. In this paper, we examine key firm decisions about such bonuses.
Others have studied referral bonus programs; a key difference is that we study the role of recommendations not
just in spreading awareness (as they do) but also in providing assessments. We start with the idea that people have
a variety of reasons for making product recommendations, including placing a value on a friend’s outcome with
a product they recommend. We apply that idea in a context of asymmetric information: A customer combines
his knowledge about the product and his familiarity with friends’ tastes, making him more informed than the
friends. Thus, the recommendation is a signal about the value of the product to the friend. In this setting, we
consistently find that the greater the concern for others” outcomes, the higher the referral bonus should be, as
long as the firm cannot more efficiently motivate recommendations with a lower price. Moreover, if price is the
more efficient lever, the optimal bonus is zero, and the optimal price is low. We also show that greater concern
tends to reduce firm profit and, in some cases, actually reduces consumer welfare as well.
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1. Introduction
It is well accepted in the marketing and consumer
behavior literatures that word of mouth can often
have a more persuasive impact than other nonper-
sonal forms of influence such as advertising (e.g., Kiel
and Layton 1981, Price and Feick 1984, Feick and Price
1987). Moreover, there is rationale rooted in economic
theory that this difference in impact is even more pro-
nounced for experience goods, i.e., those goods that
must be tried to assess quality. Nelson (1974) and
Milgrom and Roberts (1986) have argued that for expe-
rience goods, “ads...cannot credibly convey much
direct information about the product” (Milgrom and
Roberts 1986, p. 797). Their conclusion follows from
a firm’s incentive to exaggerate claims of quality and
consumers’ tendency to discount those claims. How-
ever, the incentives of the parties to word of mouth are
different, in part, because personal relationships tend
to have one of the key components of “source credibil-
ity” (Tellis 1998): trustworthiness. Between the advan-
tage of word of mouth in conveying credible informa-
tion and the difficulty of doing that with advertising,
it is not surprising to see firms trying different tech-
niques to promote word of mouth.

In this paper, we study one such technique, refer-
ral bonus programs. A referral bonus is essentially
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a finder’s fee to an existing customer. The customer
receives a reward, usually cash or a period of free ser-
vice, for bringing in a new customer. This type of pro-
gram is currently quite popular in many settings. For
example, four of the five largest U.S. diet programs
offer some referral bonus program, as do three of the
five largest cable and satellite television operators. We
also estimate that over 60% of local apartment com-
plexes offer referral bonus programs as do 75% of
national Internet service providers.! The prevalence of
these programs suggests that many firms deem them
effective, and yet, if a customer thinks a friend will
like a product, we wondered why that would not be
sufficient incentive to prompt a recommendation.
There has been some experimental work on the use
of referral bonuses (e.g., Ryu and Feick 2007, Wirtz
and Chew 2002) and, to our knowledge, one pub-
lished analytical model (Biyalogorsky et al. 2001) on
the topic. The following research questions guide us:
(1) Can customers still make credible recommenda-
tions to friends, even with referral bonuses? (2) If
we account for the concern customers have for their

! These findings are based on data collected in spring 2008 for diet
programs, local apartments, and Internet service providers, and fall
2007 for cable and satellite television operators.
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friends’ outcomes, how do such interpersonal incen-
tives affect the optimal design of bonus programs and
pricing schemes? (3) Given the interpersonal incen-
tives, what are the implications of bonus programs for
firm profit and consumer welfare?

Like Biyalogorsky et al. (2001), we take the firm’s
perspective and study the bonus decision together
with a pricing decision. Unlike Biyalogorsky et al.
(2001), we focus on the case in which customers
explicitly care about their friends’ satisfaction with
their recommendations rather than their own delight
with the product. In their work, the referral serves to
spread awareness about a new product. In our work,
the referral also helps resolve some uncertainty on the
part of the potential new customer about the value of
the new product: the referral both spreads awareness
and provides an assessment. Thus, we explicitly study
the asymmetry of information between the provider
and the recipient of the referral and the credibility of
the referral.

These two key elements—concern for others and
asymmetric information—drive the answers to our
research questions. On the first question, we find
that customers can make credible recommendations
to friends, even with referral bonuses. Customers bal-
ance the value of the bonus to themselves with the
net value of the product to their friends. The result
is that some recommendations may, in fact, be exag-
gerated (i.e.,, have negative expected value), but the
information asymmetry permits their credibility.

On the second question, we find systematic rela-
tionships between concern for others and the optimal
bonus and price levels. The referral bonus should be
higher the greater the concern, as long as the firm can-
not more efficiently motivate recommendations with
a lower price. Moreover, if price is the more efficient
lever, the optimal bonus is zero. The results for price
are more nuanced. When a bonus is used, greater con-
cern for the marginal group of friends (i.e., those who
are on the border between buying and not buying)
raises the optimal price, but greater concern for infra-
marginal friends (at least weakly) lowers the optimal
price. An important intuition underlying these find-
ings is that the more a customer cares about a friend,
the more selective the customer will be in making
recommendations. More selectivity means a smaller
quantity of recommendations but with a recommen-
dation implying a higher value. The firm can use
a higher bonus to counteract that selectivity and a
higher price to leverage that selectivity.

On the third question, we see that greater concern
tends to hurt profitability. When a firm uses a bonus,
an increase in price and bonus in response to greater
concern leaves the same margin on a smaller quan-
tity, hurting the bottom line. However, the welfare
consequences are not zero-sum, with greater concern

hurting the firm but helping the consumers. Instead,
consumers can also suffer in aggregate from greater
concern when increases in price erode their surplus.

In interpreting our answers to the research ques-
tions, we argue that the intensity with which someone
cares about friends’ outcomes will vary by product
category. Some categories, such as those related to
child care or health conditions, are more sensitive with
regard to recommendations. In other, more mundane
categories such as Internet, cable, telephone, or movie
service, people will not be as sensitive to their friends’
outcomes based on their recommendations. Sensitiv-
ity can arise from social factors influenced by the vis-
ibility or importance of the category, or it can arise
from financial or physical risk related to the probabil-
ity of a bad outcome. Furthermore, sensitivity can be
rooted explicitly in altruism or it can be more indi-
rect, based on concern for one’s own reputation. Inter-
preting our results in this light, we conclude that the
referral bonuses should be higher in the more sensi-
tive categories, unless customers care so much about
their friends” outcomes in the category that it is more
efficient for the firm to simply lower the price and
avoid a bonus program altogether.

The rest of this paper is organized as follows. In §2,
we describe the related literature broadly against the
backdrop of “social motives” and, more specifically, in
the context of incentives for word of mouth. Section 3
explains the signaling game we use to model recom-
mendations. Sections 4 and 5 build on that model
of interaction between individuals to examine the
firm’s problem in setting the optimal bonus and price
in “recommendation risk-neutral” and “recommenda-
tion risk-averse” settings, respectively. In §6, we dis-
cuss the implications of our results and the limitations
of the current study.

2. Literature Review

We review the place of our work in both a larger con-
ceptual theory of social motives as well as in the more
narrowly defined topic of word-of-mouth incentives.

2.1. Conceptual Theory: Social Motives

Behavorial economists and psychologists have accu-
mulated much evidence to flesh out the idea that
“people care about the outcomes of others” (the open-
ing line of Loewenstein et al. 1989). To give some
structure to the notion of caring, Scott (1972) and
MacCrimmon and Messick (1976) offer lists of social
motives including self-interest, altruism, and coop-
eration. This “social motives” framework has been
studied in the context of helping behavior (e.g., sav-
ing lives and property, donating time to worthy
causes) by Lynch and Cohen (1978), but it has pri-
marily been applied in negotiation, bargaining, and
dispute resolution contexts (including the ultimatum
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and dictator games widely used in behavioral eco-
nomics; e.g., Glith et al. 1982, Hoffman et al. 1996, and
work by Loewenstein et al. 1989 and Corfman and
Lehmann 1993).

Our work applies the idea of social motives in a
new domain: consumer word-of-mouth behavior for
new products. In particular, we use a variation of
what MacCrimmon and Messick (1976) call cooper-
ation, which combines altruism and self-interest, to
analyze referral behavior and the effect of financial
incentives. In our application, we look at the implica-
tions for the consumers as well as firms.

2.2. Word-of-Mouth Incentives

As mentioned in §1, the work of Biyalogorsky et al.
(2001) is most similar in perspective to our paper.
They study customer referral programs and consider
the effects of pricing as we do here. They model a
customer’s delight with a product as the motivating
force behind a referral. In contrast, we use a com-
pensatory model in which the customer considers a
possible referral bonus together with a factor related
to the expected results for the friend who receives
the recommendation. We discuss why the friend’s
uncertainty about the product’s value is an important
part of recommendation behavior and, therefore, firm
decisions.

Since Biyalogorsky et al. (2001) was published,
there has been a surge of interest in managing word of
mouth without explicit reward programs. The work
of Mayzlin and Godes (2009) examines mechanisms
for encouraging word of mouth absent reward pay-
ments from the firm. In Godes and Mayzlin (2004), the
authors describe important aspects of online word of
mouth. Mayzlin (2002) investigates how the connect-
edness of a social network’s structure influences the
effectiveness of buzz as a marketing instrument and
how the network effect moderates the payoff from a
firm’s investment to promote buzz. In Godes et al.
(2005), the authors discuss a firm’s active role in man-
aging the social interactions. They suggest that the
firm go beyond simply gathering information about
conversations and take steps to foster the conversa-
tions, such as establishing a customer recommenda-
tion program. In our paper, we analyze such active
roles by investigating the relative value of manipulat-
ing price and bonus.

Chen and Shi (2001) investigate the reward pro-
grams and types of rewards in both monopoly and
competitive settings. They find that monopolists pre-
fer to give out cash rewards, whereas duopolistic
firms may be better off offering future discounts to the
customers. In our paper, we are concerned not only
with the tangible reward the customer may receive
from the firm but also the intangible rewards from
making a good recommendation. However, we do not
analyze the firm’s competitive environment.

Experimental work by Wirtz and Chew (2002) and
Ryu and Feick (2007) investigates the effectiveness of
referral bonuses. Wirtz and Chew (2002) study the
role of deal proneness, satisfaction, and tie strength;
and Ryu and Feick (2007) study the role of tie
strength, brand strength, and recipient of the reward.
Our analytical conclusions are consistent with the
experimental results that bonuses can be effective
at changing behavior. Our additional contribution is
analysis from the firm’s perspective about the opti-
mality of bonuses.

There is other recent work in the marketing science
literature about the role of and credibility of informa-
tion sources, for example, the work on referral infome-
diaries by Chen et al. (2002). In that setting, industry
websites such as Autobytel.com point consumers to
retail establishments. A key difference from our work
is that in the framework of Chen et al. (2002), no
personal relationship is involved in the referral. Like-
wise, Chen and Xie (2005) study third-party product
reviews, which also deal with issues of information
credibility but not in a personal sense.

3. Signaling Model

In this section, we describe a game of incomplete
information, a signaling game, between a customer
(the sender of the signal) and a friend (the receiver of
the signal). We use the signaling framework to cap-
ture the customer’s decision about whether to rec-
ommend the product and the friend’s decision about
whether to accept the recommendation. In the two
subsequent sections, we build on this model of inter-
action between individuals to analyze the firm'’s price
and bonus-setting decisions in a heterogeneous pop-
ulation. (Table 1 contains a notation summary:.)

3.1. Action Spaces

A customer’s action, which we denote as a5 (subscript
S stands for “sender” of the signal), is his recom-
mendation: he either recommends (a5 =1) or he does
not (ag =0). The ag =0 choice can be interpreted in
two ways, either as a “not recommended” signal or
as “no signal.” This action is contingent on the cus-
tomer’s private information about his assessment of
the friend’s expected value from the product.

Based on the signal received from the customer, the
friend either buys or does not. We denote the friend’s
action as a4z and define a; =1 as buying and a; =0
as not buying. We use the subscript R, for “receiver”
of the signal, to denote the friend.

3.2. Information

Product recommendations from a customer to a friend
are most useful when two conditions are met: First,
the value of a new product is difficult to assess
with inspection. Second, the experienced party knows
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Table 1 Notation Summary

ag  The action that the customer (sender of signal) takes;
1 (recommend) or 0 (not).

ap The action that the friend (receiver of signal) takes; 1 (buy)
or 0 (not).

X The value a friend will gain from using the product; this is an
uncertain quantity.

m  The mean of x; we assume m is uniformly distributed over [0, 1]
in the population.

The price the firm sets for the product.

The referral bonus the firm sets.

The friend’s utility.

The customer’s utility.

The function that describes how uj, enters ug.

The cutoff value on the m continuum (between 0 and 1),
indicating the m value for the marginal friend who gets a
recommendation (with a homogeneous population).

a A parameter capturing the degree of overlap in the network; an «
close to 1 indicates very little overlap, nearly a tree structure;
an « close to 0 indicates extensive overlap, so that each
potential customer is a friend of many existing customers.

B The coefficient on j in ug; this parameter represents how much
concern a customer has for a friend.

By The B for distant friends.

B, The g for close friends.

g The percentage of the population who are distant friends to a
customer.

m,  The cutoff value on the m continuum (between 0 and 1),
indicating the m value for the marginal distant friend who
gets a recommendation.

m,  The cutoff value on the m continuum (between 0 and 1),
indicating the m value for the marginal close friend who gets
a recommendation.
m  Firm profit.
@y Consumer surplus for distant friends.
¢, Consumer surplus for close friends.

0?/(2R)  The risk-adjusting term; ¢ is the variance of x and R is the risk

tolerance parameter of the exponential utility function.

x> o

something about the other party’s tastes. These condi-
tions create an information asymmetry. The customer
has awareness of the product as well as knowledge
about the match between the friend and the prod-
uct. The friend may have better knowledge about
his preferences than the customer, but absent prod-
uct knowledge, it is difficult for him to have a precise
assessment of his own value. Thus, he relies on a per-
sonalized recommendation to infer his value.

We capture this information asymmetry between a
customer and a friend in an admittedly highly sim-
plified model. Our abstraction aims to capture an
essential feature of referrals as recommendations and
assessments: the person making the recommendation
has information not known by the person receiving
the recommendation.

Our model of information endowments is as fol-
lows. The customer has private information (which is
usually referred to as his “type” in signaling models)

about the value the friend will get from using the
product, which we denote m. Here, the private infor-
mation is the mean of the distribution of the random
variable x, the friend’s value in using the product.
In contrast, the friend is less well informed. He has
a prior on his expected value (1) but does not know
that value precisely. We analyze the case of a uniform
[0, 1] prior on m.

3.3. Utilities

The utility of the friend is based on whether he buys
the product. If he does, the (ex post) value is the dif-
ference between the value he gets from the product
(x) and the price of the product (p). The friend’s util-
ity uy is given by uy = az(x —p).

As the title of our paper suggests, the utility of the
customer u; depends on both firm-offered and inter-
personal incentives. If the friend does buy based on
a customer’s recommendation, then the customer’s
utility depends on the bonus the firm offers and the
utility that the friend gets from the product. In §2,
we explained how this idea is consistent with the
theory of “social motives” that combine self-interest
and altruism. In addition, the combination of a firm-
offered incentive and an interpersonal incentive is
reminiscent of the “embedded markets” studied by
Frenzen and Davis (1990) and Frenzen and Nakamoto
(1993), where utility includes a component related
to the social relationship in which a transaction is
embedded.

The customer’s utility is represented as ug; =
asag|[B + j(ug)], where B is the referral bonus and the j
function represents the customer’s concern for the
friend’s outcome. The bonus is nonnegative but if the
friend has a bad outcome, u; and j(uy) can be nega-
tive, implying that ug can be negative. The utility u;
is zero if the friend does not buy based on the cus-
tomer’s recommendation or if no recommendation is
made. We start by analyzing j linear in u; in §4 and
then analyze a concave j representing recommenda-
tion risk aversion in §5.

3.4. Equilibrium

We use perfect Bayesian equilibrium (PBE) as a solu-
tion concept for the game. The PBE is useful in signal-
ing games because it allows the receiver of the signal
to have prior beliefs and to update them based on the
signal, but also to have residual uncertainty. Treating
j generally for now (i.e., not specifying a functional
form), we describe a PBE of this signaling game.

In this equilibrium, a customer will recommend to
friends at the upper end of the distribution on value
for the product. The customer is selective in his rec-
ommendations, and the result is that the recommen-
dations are credible and that the friends optimally
accept them. Conditions on the price are required to
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ensure this credibility. This equilibrium is formalized
in the following proposition.

ProrosITION 1. For m uniformly distributed between
0and 1, if 2p — 1 < i < 2p, where i is the m that solves
B+E.[j(ug) | m]=0and E.[j(ug) | m] is increasing in m,
the following strategy profile and beliefs comprise a PBE:

0O<m<in: as=0,
Customer S’s strategy: N
m<m<liag=1;
us = 0: {ZR = O,
Friend R’s strategy:
ag=1:az=1;
w(m | ag=0) =1/
for0<m <,

Beliefs: N
w(m | ag=1)=1/(1— i)

p(m | as) =

form<m<1.

The proofs of the propositions are in the appendix.

The mechanics of the customer’s behavior are as
follows. In this equilibrium, a customer will recom-
mend to friends whose mean value in use (m) is
high enough at or above some 7, i.e., those friends
most likely to benefit from the product. However, just
because a friend is in the “most likely” group does
not actually mean that the friend will like the prod-
uct. Referral bonuses may encourage the customer
to make some negative expected value recommenda-
tions (m < p).

The mechanics for the friend are simpler: the
friend follows the recommendation. The constraints
2p —1 <1 <2p are required for the recommendation
to be credible. The constraint 2p — 1 < i ensures that
the friend will optimally buy a product that is rec-
ommended. The constraint 77 < 2p ensures that the
friend will optimally not buy a product that is not
recommended.

Intuitively, this equilibrium can be understood as
follows. A customer realizes value from two sources,
a referral bonus (if offered) and the friend’s outcome
with a purchased product. A customer will only make
a recommendation when these two sources together
create positive value: he wants to have his recommen-
dation accepted.? Therefore, he is going to be discrim-
inating in his recommendations. This discrimination
lends credibility to his recommendation. However,

2We have also considered the case in which ug incorporates “pain
avoided” for the “not recommended” case, capturing the idea that
the sender realizes utility from having his friend accept his rec-
ommendation, even if the recommendation is to not buy the prod-
uct. The basic structure of our results is maintained with this vari-
ation. Details can be found in the electronic companion to this
paper, available a part of the online version that can be found at
http://mktsci.pubs.informs.org.

when there is a bonus, the customer may exaggerate
to some friends. Therefore, not all recommendations
will necessarily have positive expected value, but the
need for the recommendations to be credible limits
the extent of this exaggeration.

4. Recommendation Risk Neutrality

In this section, we look at the firm’s decisions about
the optimal price and bonus for a heterogeneous pop-
ulation, building on the signaling model from §3.
Then, we look at the results for firm profit and con-
sumer surplus.

We include two types of heterogeneity in the popu-
lation. First, we consider variation across the popula-
tion in the mean value for the product (m). This first
aspect captures the idea that different people have dif-
ferent tastes for the product. Second, we consider two
types of relationships between customers and friends:
close and distant. This second aspect captures how
sensitive a customer’s utility is to a friend’s utility.

4.1. Model
We start with a simple model of a customer caring
about the outcome of his recommendation for the
friend: the friend’s utility (value from the product
minus the price, if he buys it) enters the customer’s
utility function in a linear way. In other words, for
every dollar of value that a friend realizes, the cus-
tomer who made the recommendation vicariously
experiences B units of value. Following our earlier
notation, j(uz) = Bug. Even this simple model allows
us to make many of the main arguments of the paper.
We assume that the “level” B of the relationship is
common knowledge for the customer and the friend.
The firm knows the distribution over the possible val-
ues of B in the population but does not know the g8
that characterizes any one particular relationship.
Following our analysis in §3, we assume that there
is a uniform distribution over [0, 1] of mean values
for the product (m) in the population. For analytical
tractability, we use a two-point model of the distri-
bution on B in the population, representing people’s
distant (8,;) and close (8,) relationships, 8, < 8,.. For
a fraction g of the population, j(ug) = B,ug, and for
the rest, j(uy) = B.ug. The distinction between the cat-
egories is that customers value outcomes for close
friends more highly than they do for distant friends.
We make the following additional assumptions for
tractability. First, we assume that the two types of het-
erogeneity, on m and on 3, are independent. Second,
we assume a simple network structure in which each
customer knows the same size group of friends (nor-
malized to one), with overlaps in those groups sym-
metric across the customers. To capture the level of
overlap, we use a parameter, 0 < a« <1. An «a close to
one is a treelike structure with little overlap in friends.



Kornish and Li: Optimal Referral Bonuses with Asymmetric Information

Marketing Science 29(1), pp. 108-121, © 2010 INFORMS

Third, we analyze the case of zero marginal costs.
Finally, our analytical results are from a single-period
model, but we provide evidence of the robustness of
the results to a multiperiod setting in the electronic
companion.

4.2. Analysis and Results
Customers make recommendations if they expect to
have an overall positive value, including the firm-
offered referral bonus and the interpersonal incen-
tives. That is, customers in the B;, i € {d, c}, type of
relationship will recommend to anyone with m > ;,
where ; is the m that solves B + E [j(ug) | m] = 0.
For the j(ug) = B;ugr = B;(x — p) case considered in this
section,

il =p— B/B..
If the firm does, in fact, sell to both close and distant
friends (and we consider the necessary and sufficient
conditions in the appendix), the firm’s profit maxi-
mization problem as a function of decision variables
price p and bonus B is as follows:?

max a(p—B)[q(1 —my) + (1 —q)(1—m,)]

subject to 2p—1<m,; <2p, 2p—1<m, <2p,

1)

0<my; <1,

B=>0.

0<m,<1,
p=0,

The expression (p — B) is the profit margin on each
unit sold. The expression a[q(1— i)+ (1 —g)(1—7m.)]
gives the quantity sold. It combines the percentage of
the distant friends who buy (1 — m1,) and the per-
centage of close friends who buy a(1 —i,), based on
the proportion of distant friends (g).

The constraints arise both from the credibility con-
cerns in the signaling model and the logical struc-
ture of the problem. Proposition 1 shows credibility
constraints that arise from the recommendation as an
informational signal. There are four constraints like
that: 2p — 1 <, <2p and 2p — 1 < /i, < 2p. Because
the m themselves are distributed between 0 and 1, the
objective function in (1) is based on 0 < 7i,; <1 and
0<m,<1. Finally, we require that p and B be non-
negative.

In the appendix, we show how to determine which
of the constraints is active under different conditions
and provide the formulation of the other case (target
close friends only). The results of the optimization are
summarized in Proposition 2 and illustrated in Fig-
ure 1. We define two boundaries, g, , = B;(8. —1)/

(Bc _Bd) and %,3 = (Bc - ﬁd)(l - ﬁc)/((ﬁc - Bd)+2ﬁc+
B2+ B4B.), to help describe the results.

®In this analysis, we do not explicitly consider other forms of
awareness of the product beyond recommendations. Including
those other avenues would mean that the price considered here is
the “price for recommended customers.”
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Figure 1 Regions from Proposition 2
B BL = Bd
C
Case 1:
Sell to close and distant
at a “low” price; no bonus.
Be= = Gagea T 7
Sell to close
and distant
at a “high” price;
use bonus.
Case 3:
Sell to close
Only; use BC < Bd ruled out
bonus. (customers have more
concern for close than
distant friends).
}
Ba=1 Ba

Note. The boundary between Cases 1 and 2 is given by g = g, , and between
Cases 2 and 3 by g =@, 5.

PROPOSITION 2. If customers are risk neutral in their
recommendations to both distant and close friends, the opti-
mal bonus and price are as follows.

Case Conditions Optimal bonus and price
Case 1 q <42 B*=0, p*=1/2;
Case 2 q=max{q, 5, 4,3} B*=Lr
- o 2(1+Ba)
1
*—1— ;
S TN
._ B
Case 3 g<q3 =20+8)
1
=l ——.
P R

Furthermore, in Case 2, the optimal bonus and price are
increasing in B,. In Case 3, the optimal bonus and price
are increasing in f3..

The cases from Proposition 2 are portrayed in Fig-
ure 1, drawn in (8,, B,) space, for a very low g (0.05),
i.e.,, a population where 95% of the friends are close
friends. The low g was chosen for Figure 1 to graph-
ically illustrate all three of the cases. (The region for
Case 3 shrinks rapidly with g; it disappears com-
pletely when g>1/3.)

In Case 1, customers have high concern relative
to Cases 2 and 3 for close and distant friends (and
are more concerned for close friends than themselves;
ie., B. > 1), so referral bonuses should not be used.
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Without a bonus, the optimal price is relatively low,
and even though the group of distant friends may
be small, all friends are targeted with the low price.
In Case 2, customers have lower concern for friends
compared to Case 1, and there are sufficient num-
bers of distant friends, so the firm sets the price and
bonus to appeal to both distant and close friends. In
Case 3, customers have a relatively low concern for
distant friends, but there are insufficient numbers of
those distant friends (i.e., low enough 4) to warrant
targeting them. In this case, recommendations to dis-
tant friends are not credible, so the firm just sells to
customers’ close friends.

If the population is homogeneous in S, that is,
made up of only one type of friend, then the regions
simplify greatly. (Homogeneity in B is equivalent to
g=1and B, =B.=pB.) For B <1, Cases 2 applies (and
Case 3 disappears); for B > 1, Case 1 applies.* The
B* =0 versus the B* > 0 distinction does not require
heterogeneity in B.

4.2.1. Optimal Price and Bonus. Within each case
in Proposition 2, the optimal bonus and price are
increasing (at least weakly) in the “concern” coeffi-
cients, 8; and B.. In other words, over some ranges,
as the level of concern in relationships increases, the
optimal price and bonus increase. With higher 3,
the signal embodied in the recommendation is more
reliable and more discriminatory: there is a smaller
chance of a negative expected value recommenda-
tion and there is a higher level of value implied by
the recommendation. A more discriminatory signal
implies greater selectivity, that is, a lower quantity
of recommendations. The firm can counteract that
smaller quantity by increasing the bonus or reducing
the price. However, reducing the price would fail to
take advantage of the higher implied value. Therefore,
with a higher $;, the firm leverages the upside of the
selectivity—the higher implied value—and mitigates
the downside—a lower quantity—by optimally using
a higher bonus and a higher price.

However, if the customer cares a great deal about
friends’ outcomes, then it is inefficient for the firm
to reward the customer; the firm is better off allocat-
ing that money directly to the friends via price. This
switch in strategy from bonus to no bonus is illus-
trated in Figure 2. In Case 1, a bonus is a less efficient
tool than price for expanding quantity; thus, a bonus
should not be used.

4.2.2. Profit and Consumer Surplus. Proposi-
tion 2 presented the results about the optimal firm

* Note that in Proposition 2, the boundary between Cases 1 and 2
is written in terms of g, but it is derived from q/8,+ (1 —4)/B.=1.
This original form makes it easier to see the simplification to g =1
for the homogeneous case.

Figure 2 Optimal Price and Bonus as a Function of 8, with 3, > 1 and

Linear Utility
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Bd, concern for distant friends

Note. The figure is drawn with 8, =1.25 and ¢ =0.5.

strategy. Now, we turn our attention to welfare
consequences—firm profit and consumer surplus.
Consumer surplus can be decomposed into the
friends’ surplus and the customers’ surplus; here, we
focus on friends’ surplus, denoting distant friends’
surplus as ¢, and close friends’ surplus as ¢,. The
expressions for firm profit and friends’ surplus at the
optimal solutions are presented in Proposition 3.

ProrosITION 3. If customers are risk neutral in their
recommendations to both distant and close friends, using
the cases defined in Proposition 2 the optimal profit and
friends’ surplus are given in the table below.

Case Profit Friends’ surplus

Case 1 T=a/4 o, =aq/8,

o, =a(l—9q)/8;
Bs(1—q)+B.(1+4q)

Case2 m=«a 1.1+ 5,) 0; =0,
_a(l-q) (B -BD).
YT TR+ B
Case 3 :au ¢; =0, ¢.=0
2(1+8.) e

A first conclusion from Proposition 3 is that when
the firm uses a bonus (Cases 2 and 3), profit tends
to decrease in the level of concern. In Case 2, profit
is decreasing in B, and is decreasing in B, for g >
(1-8.)/(1+B,). In Case 3, profit is decreasing in ..
With greater concern, the increased discrimination
in recommendations, which yields fewer recommen-
dations, hurts the firm’s profits. The firm optimally
charges a higher price but also pays a higher bonus.
The optimal margin, p* — B*, in all three cases is
equal to 1/2. The same margin, on a lower quan-
tity, provides lower profit. In Figure 3, we see profit
strictly decreasing in 8, until 8, reaches the bound-
ary between Cases 1 and 2, at which point profit is
no longer a function of B,. In addition, profit from
alternative approaches to promotion such as invest-
ment in advertising would also be independent of 3.
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Figure 3 Firm Profit and Friends’ Surplus as a Function of 3,, with
B,=1.25,9g=05,a=1
0.51
Kink at B, = B‘iq : firm strategy changes
04T Firm profit 1T 4= Bo—l+g

from “use bonus” (Case 2) to “no bonus” (Case 1).
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Therefore, we would still expect to see the strictly
then weakly decreasing profit pattern when consider-
ing such alternatives.

A second conclusion from Proposition 3 is that when
the firm uses a bonus (Cases 2 and 3), surplus is zero
for the marginal group of friends, those on the border
between buying and not. The marginal group is the
distant friends if both close and distant are targeted,
and the close friends if they are the only ones tar-
geted. With linear utility, when a bonus is used there
are equal numbers of people in the marginal group
who get positive and negative expected value recom-
mendations. This balance allows the recommendation
to be credible but just (i.e., friends in the marginal
group interpret recommendations as “this product
is just worth the price”). In Case 2, in which both
close and distant friends get recommendations, close
friends in aggregate do realize positive surplus ¢,.. In
Case 3, only close friends are targeted, so they are the
marginal group and realize no surplus.

A third conclusion is that in Case 2, friends’ surplus
@, + ¢, (which equals ¢, in Case 2 because ¢, =0) is
decreasing in B, but increasing in (.. A greater con-
cern for distant friends, 8,, raises the optimal price
and bonus, decreases the quantity of distant friends
who get a recommendation, and increases the quan-
tity of close friends who get a recommendation. The
increased quantity of close friends has a lower aver-
age value and pays a higher price. Even though there
are more close friends buying, the lower average sur-
plus produces lower total friends’ surplus. In contrast,
a higher 8, benefits close friends in aggregate because
a more select group of them get a recommendation
at a price determined only by B,, providing each one
who does buy with a higher net value.

The preceding discussion and Figure 3 used just
the friends’ surplus from buying the product. More
inclusively, we could also include vicarious utility or
the aggregate bonuses earned by the customers. With
the broadest definition of consumer surplus, greater

concern tends to boost consumer surplus because of
the link between greater concern and higher bonuses.

5. Recommendation Risk Aversion

In this section, we expand the model of interper-
sonal utility by studying recommendation risk aver-
sion. Recommendation risk aversion captures the idea
that customers are loath to make recommendations
that may turn out poorly for their friends. Applying
the classic idea of risk aversion, a customer weighs
possible negative outcomes for the friend more than
equivalent-sized positive ones.

5.1. Model

To model recommendation risk aversion, we use
an exponential utility function for the utility associ-
ated with the customer’s recommendation, based on
the uncertain value the friend will get from using the
product. The exponential utility function is one of the
standard ways to model risk aversion. Its wide use
can be attributed to two useful properties (Howard
1988; Luenberger 1998, p. 464). First, this functional
form of a concave utility function is characterized by a
single parameter, the “risk tolerance,” which captures
the curvature of the utility function. Second, the expo-
nential utility function is wealth independent, mean-
ing that constant values such as the referral bonus B
and the price p are simply added to the overall dollar
value.

The exponential utility is a function of the friend’s
utility if he buys the product, u; = x — p. The func-
tional form is 1 — e @ PR where x is the uncertain
value the friend will get from the product, p is
the price, and R is the risk tolerance parameter of
the exponential utility function. (The degree of risk
aversion, therefore, can be represented by 1/R.) To
combine referral bonuses and expected utility from a
recommendation, we use the Pratt (1964) approxima-
tion for a risky prospect’s certainty equivalent CE (or
dollar value), CE = m — 0?/(2R), where m is the mean
of the uncertainty quantity x (consistent with our ear-
lier notation), o2 is the variance of that uncertain
quantity, and R is the risk tolerance parameter of the
exponential utility function.® This is a tractable and
familiar mean-variance form of risk aversion, where
the overall dollar value is the mean value less a factor
related to the variance of the uncertain quantity.

Returning to the notation from §3, we define j(uy) =
B(1—e PRy From the signaling model, a recom-
mendation risk-averse customer will make recommen-
dations to friends whose mean value m is above some
value . The 111 is the m that solves B+ E,[j(uy) | m] =0

® This is an approximation that holds for small variance gambles. It
is exact when the utility function is exponential and the distribution
on the uncertainty is normal for any size variance.



116

Kornish and Li: Optimal Referral Bonuses with Asymmetric Information

Marketing Science 29(1), pp. 108-121, ©2010 INFORMS

or B+ B(itt — 02 /(2R) — p) = 0. Solving for 7 gives i =
02/(2R) +p — B/B.

5.2. Analysis and Results

In this section, we maintain the earlier model of dis-
tant and close relationships—using B, and B, as in
§4—but now the close relationships are also charac-
terized by risk aversion. If the firm sells to both dis-
tant and close friends, the objective function and the
constraints are written the same as in the risk-neutral
analysis in §4, given by (1), except that now 7, =
p—B/B, and i, = 02/(2R) +p — B/B..

This “sell to both groups” formulation is only one
of the possibilities. As in the risk-neutral case, it may
be optimal to sell only to close friends when there
are insufficient numbers of distant friends to warrant
targeting them. It may also be optimal to target only
the distant friends if the degree of risk aversion is
so high that the price would have to be unprofitably
low for customers to take the risk to recommend to
close friends. For each of these three possibilities—
targeting both groups, targeting close friends only,
and targeting distant friends only—we must consider
“positive bonus” and “no bonus” approaches. Out of
the six combinations (three possible targets times two
bonus approaches), only one is not possible (targeting
close friends only with no bonus). The five remaining
combinations correspond to regions of the parame-
ter space, (B, B, q, 0*/(2R)). The details of all five
regions and the proof of Proposition 4 are in the elec-
tronic companion.

Proposition 4 presents the patterns from these find-
ings. Some of the results in the proposition, such as
Parts 1 and 4, confirm and extend findings from §4.
Other parts, such as Part 3, provide points of contrast.
The qualifier “at least locally” in the results below
refers to behavior within each of the five regions.

PrOPOSITION 4. If the customers are recommendation
risk neutral for their distant friends and recommendation
risk averse for their close friends:

(1) A bonus should not be used (B* =0) if B; and B,
are each above a threshold.

(2) If a bonus is optimal (B* > 0), it is strictly increas-
ing, at least locally, in B, if distant friends are targeted
and/or B. if close friends are targeted.

(3) If a bonus is optimal (B* > 0) and close friends are
targeted, the bonus is strictly increasing, at least locally, in
a?/(2R).

(4) If a bonus is optimal (B* > 0) and distant friends are
targeted, price is strictly increasing, at least locally, in B,.

(5) If a bonus is optimal (B* > 0) and only close friends
are targeted, price is strictly increasing, at least locally,
in B, and o*/(2R); if both close and distant friends are
targeted, price is strictly decreasing, at least locally, in B,
and o*/(2R).

In general, concern and risk aversion increase the
optimal bonus when a bonus is used. In contrast, the
effects on price depend on which groups are targeted.
Concern for the marginal group of friends (distant or
close) raises prices, but concern and risk aversion for
the inframarginal group (close only) decreases prices.
We further discuss the intuition behind these results
in §5.4, where we make a comparison across risk-
neutral and risk-averse cases.

5.3. Profit and Consumer Surplus
We see similar patterns in the optimal firm profit
between the risk-averse and risk-neutral cases. In par-
ticular, in both settings, if no bonus is optimally used
(i.e., B* =0), the optimal profit is not dependent on
the levels of concern B, and B.. We also tend to see
that the greater the level of concern, the lower the
firm profit. (However, the conditions are more com-
plex with risk aversion than with risk neutrality.)
There is an important distinction for consumer sur-
plus between the two cases: recommendation risk neu-
trality always leads to some exaggerated recommen-
dations, but recommendation risk aversion does not
always lead to some. This can be seen from i, the
cutoff on friends’ value that determines who gets
a recommendation. That quantity is 7, =p — B/B,,
which implies that when a bonus is used, i, <p; ie.,
some distant friends will get exaggerated recommen-
dations. (This will also be true under recommendation
risk neutrality to close friends.) However, with recom-
mendation risk aversion, the cutoff is i, = o*/(2R) +
p — B/B., which allows for the possibility that 7, > p.
If that is the case, all close friends who get a recom-
mendation have a positive expected value; in other
words, recommendation risk aversion can mean that
customers are conservative with their close friends
and they do not even make all positive expected value
recommendations possible. Therefore, when the firm
optimally acts to expand the group of close friends
who get a recommendation (i.e., lower 71,), the addi-
tional close friends who get the recommendation are
all generating positive expected surplus.

5.4. Conclusions

Table 2 summarizes some of the key results from the
risk-neutral and risk-averse cases. Table 2 presents
the effects of model parameters on optimal price and
bonus for moderate recommendation risk aversion,
low enough B; (which includes all of 8; < B, <1), and
a high enough proportion of distant friends 4. These
conditions on the parameters focus attention on cases
in which bonuses are used and where both close and
distant friends get recommendations.

Table 2 reveals two patterns. First, for distant
friends, increased concern raises both the price and
the bonus. Second, for close friends, the level of con-
cern (at least weakly) raises the bonus but (at least
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weakly) lowers the price. The level of concern can
be represented by the B; coefficient or by the risk-
adjusting term o?/(2R). We note that if it is the
friends who are risk averse and not the customers,
then higher §; still yields higher price and bonus but
higher 02/(2R) has the opposite effect. (We present
the analysis in the electronic companion.)

Why does the level of concern systematically raise
the bonus in these cases? An increase in 3; raises B
because raising the bonus is a more efficient way to
expand recommendations than lowering the price in
these cases. We discussed this result for the risk-neu-
tral case in §4.2.1, and the logic applies to the other
cases as well.

Why are there systematic differences between the
effects of distant and close friends? A key point is that
the credibility of recommendations to distant friends is
more strained. In our notation, a recommendation to a
distant friend is credible if (1+1i,)/2 > p, and a recom-
mendation to a close friend is credible if (1 4 71,)/2 > p.
Because 7, < i1, the former condition is stronger. In
all the models, we see that the customers’ additional
concern for the marginal new customers raises the
optimal price and bonus.

Why does risk aversion change the effect of the
close friends on price and bonus? With risk aversion,
concern for close friends puts downward pressure on
price. The price decreasing in B, (or 0/(2R)) supports
the idea that the more a customer cares about friends’
outcomes, the better deal (i.e., the lower the price) the
firm should offer the friends.

As the caption for Table 2 says, the results sum-
marized there hold in part of the parameter space.
Another consistent finding beyond those conditions is
that when concern (as represented by the B;) is very
high (e.g., 1 < B, < B., which is sufficient but not nec-
essary), it is no longer optimal for a firm to use a
bonus program at all. In those cases, the motivation
of a customer wanting a good outcome for a friend
makes price reductions the best tool for the firm to
expand recommendations.

6. Discussion

In this section, we present the managerial implica-
tions that arise from our work, discuss the limitations
of our analysis, and conclude our paper.

6.1. Managerial Implications

Conceptually, we have defined the most relevant
domain for our discussion as experience goods in
which user taste is important. Practically speaking,
customers must have a well-defined identity to the
firm to implement referral programs. In services (e.g.,
cable TV, Internet service, online poker), customers
have accounts that can be credited when referrals are
made.

In addition to this implementation concern, our
work offers guidance to a manager making decisions
about referral programs. Below, we discuss manage-
rial implications for category sensitivity and exagger-
ated recommendations.

6.1.1. Category Sensitivity. Briefly stated, our
finding is that—if the category is not extremely
sensitive—the more sensitive the category, the higher
the bonus should be. If the category is extremely sen-
sitive, referral bonuses should not be used at all.

In our analysis, we have generically described the ;
(how much a customer cares about friends’ outcomes)
as being a feature of the relationship itself. However,
we can also interpret the §8; as related to the sensitiv-
ity of the product category. For example, highly per-
sonal or sensitive products such as services related to
areas like child care, mental health, or reproduction
will be characterized by a strong concern by the cus-
tomer about the outcome for the friend. In less sen-
sitive areas, such as phone or Internet service, cable
television, and grocery store choices, a referral is much
less worrisome. Categories like personal trainers or
hair salons will be somewhere in the middle.

We found that in some ranges, the more sensitive
the product, the higher the optimal referral bonus
should be. Increased sensitivity will lead to more
selectivity in recommendations, leading to a higher

Table2  Summary of Results for Low Enough ;, Low Enough ¢2/(2R), and High Enough ¢
Distant risk neutral,
Heterogeneous close risk averse, Heterogeneous
risk neutral Ry=00, R, =R risk averse
(Proposition 2) (Proposition 4) (electronic companion)
Friends o B p B p B
Distant
Bq + + + + + +
a?/(2R,) NA NA NA NA + +
Close
B. 0 0 - + - +
a%/(2R,) NA NA - + - +
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optimal price and bonus. However, when concern for
friends makes price the more efficient lever, the firm
should not offer a bonus to customers at all.

The analytical results we presented have a nor-
malized scale [0, 1] for mean product value (m), so
our conclusions about higher bonuses are conclusions
about bonus levels relative to mean value. More sen-
sitive categories may also tend to have more at stake,
having a wider range on the mean value. In the risk-
neutral setting, by allowing that range to vary across
categories (i.e., m is uniformly distributed over zero
to an arbitrary upper bound), we can show that the
bonus is increasing in proportion to the size of the
stakes (the upper bound). That extension is consistent
with the positive relationship between sensitivity and
bonus size.

Furthermore, we find that bonus programs are most
profitable in the least sensitive categories. Therefore,
bonus plans make more sense in more mundane cat-
egories. In those categories, the optimal bonuses are
low, so the most profitable bonus programs entail
small bonuses. The following two examples illustrate
less and more sensitive categories.

In our investigation of national Internet service
providers (spanning DSL, cable, satellite and dial-up
technologies), we found that 18 out of 24 identified
providers offered some kind of referral bonus. A typ-
ical program was a free month of service or monetary
equivalent for the referring customer. This category is
not highly sensitive, so the existence and low bonus
level (compared to the overall lifetime price paid by
the new customer) are consistent with our theory.

A friend of one of the authors referred several of his
friends to his LASIK eye surgeon, and much joking
(among the friends) about referral bonuses ensued.
At that center, and at most LASIK centers we inves-
tigated, there was not a referral bonus. This product
category has an extreme range of outcomes: perfect
vision without glasses is a really great outcome and
permanently impaired vision is a really terrible out-
come. Because of the risk in the referrals, this is a
highly sensitive category, and laser eye surgery cen-
ters are better off running pricing promotions directly
than using referral bonuses.

6.1.2. Issues with Exaggerated Recommenda-
tions. Should firms avoid bonuses because they
encourage exaggerated recommendations? We do find
that part of the profit from bonus programs may come
from exaggerated recommendations. Bonuses may be
profit maximizing but there is a concern that this is
a short-term perspective, especially when combined
with the idea that a person’s estimate of how much
others will like a product depends on how delighted
that person was with the product (cf. Biyalogorsky
et al. 2001). However, the answer to the question
posed is “not necessarily.” When firms use bonuses to

overcome conservatism that comes from recommen-
dation risk aversion, they can actually expand rec-
ommendations within the “positive expected value”
segment of the market.

Apartment complexes are an example of a cat-
egory that could experience some recommendation
risk aversion. Residents of apartment complexes may
be reluctant to recommend their apartment complex
to a friend because if the friend does not have a
good experience living there, that could be quite
salient to the recommender if he or she lives near the
dissatisfied party and sees them frequently. We sur-
veyed local apartment complexes and estimate that
approximately 60% of them do offer some kind of
referral program. A typical program offers a free
month of rent to the referring party.

We interpret this bonus acting as a “nudge” to help
people overcome a possible reluctance to recommend
rather than a “bribe” that encourages recommenda-
tions likely to yield unhappy customers. In less risky
categories, bonuses are more likely to encourage cus-
tomers to exaggerate on the margin. Firms need to be
attuned to the longer-term effects of dissatisfied cus-
tomers in those situations.

6.2. Model Limitations

Before concluding, we comment on some of the
assumptions we made for analytical tractability in
our analysis. An implicit assumption in our work
is that the customer is the only source of informa-
tion about the new product. That assumption is more
strained for products that have some objective and
possibly publicly available data, such as procedure
success rates for physicians or Consumer Reports-type
reviews of new products. In our models, we consid-
ered two types of heterogeneity (closeness and value);
the availability of more information suggests a third
type, that of varied information endowments.

Our model of the network structure is also related
to this information endowment issue. We have used
a simple, symmetric network structure, characterized
by the parameter o, which represents the degree to
which customers have unique friends. We have not
explicitly modeled how friends treat multiple recom-
mendations. This possibility could be formulated as
an information gathering problem, similar to that in
McCardle (1985), in which more recommendations
would move the friend closer to sufficient informa-
tion to make a decision about adopting or rejecting
the new product.

Another simplification we made was to focus on
the interplay between customers and potential new
customers, and not on the forces operating between
competing firms. Firms with novel or highly differen-
tiated products may have some market power, but in
other industries, the competitive forces will be more
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important. Therefore, not analyzing competition must
be considered a limitation of the current work.

Some readers have suggested that the existence of
a bonus can be a deal breaker: some people have
a stance that they will not make a recommendation
if they will receive a bonus; other people will not
accept a recommendation when a bonus is at stake.
The agents in our model have compensatory values—
adding a firm-offered incentive (bonus) with value
derived from concern for a friend’s outcome. A non-
compensatory model of behavior by customers could
certainly reduce the appeal of bonuses to the firm.
In our analysis, a distant friend is correct to be wary
of bonus-induced recommendations, as his expected
value is zero.

We see these areas as potential directions for further
work. Heterogeneity in information endowments,
multiple recommendations, and questions about com-
petition would lend themselves to analytical model-
ing approaches. The notion of a “bonus boycott” is
suggestive of a behavioral approach. In fact, there are
many aspects of our model (such as the interpersonal
incentives and risk aversion) that could be investi-
gated further with behavioral approaches.

6.3. Conclusion

In writing about third-party product reviews, Chen
and Xie (2005) explain how communication of cred-
ible information has been an ongoing challenge for
firms. Marketing scholars have studied many avenues
for addressing the difficulty, including whether price
can be used as a signal of quality (Gerstner 1985),
using price and advertising as a signal (Zhao 2000),
and using product line design (Villas-Boas 2004). In
this paper, we have studied a different strategy for
communication of credible information, stimulating
word of mouth through referral bonuses. Our work
contributes to this area by building on the work of
Biyalogorsky et al. (2001). We examined the case in
which referrals do not just spread awareness but also
serve as recommendations. These recommendations
contain signals about the value of the product to a
friend who is less able to judge the value of some-
thing new.

Some of our findings are consistent with those of
Biyalogorsky et al. (2001). For example, they find
that when customers are more discriminating in their
recommendations (which they conceptualize with a
higher “delight threshold”—how thrilled a customer
has to be with the product before he will recommend
it), profits are driven down (see, e.g., Biyalogorsky
et al. 2001, Figures 3 and 6). In our work, we also
find that when customers are more discriminating in
their recommendations (which we conceptualize with
higher-concern coefficients, different from the delight
thresholds), the firm’s profit suffers. In addition, like

us, Biyalogorsky et al. (2001) find that above a high
enough level of discrimination, the firm should not
use a referral bonus.

However, fundamental differences come from the
recommendation’s role as an informative signal.
Biyalogorsky et al. (2001) find that referral rewards
are not useful when the delight threshold is too
low; in contrast, we find the low-concern cases are
the most profitable ones in which to use a referral
bonus. In addition, when the delight threshold is high,
Biyalogorsky et al. (2001) find that referral bonuses
should not be used; however, they also find that the
price should be high. In contrast, we argue that with
high concern, price is a more efficient way to increase
the quantity of referrals and should be set low. These
discrepancies suggest that by including recommenda-
tion credibility, the firm must consider not just how
the optimal price and bonus affect how happy exist-
ing and future customers are with the product, but
also how customers trade off conflicting social motives
of self-interest and altruism in choosing to engage in
word of mouth.

7. Electronic Companion

An electronic companion to this paper is available as
part of the online version that can be found at http://
mktsci.pubs.informs.org/.

Acknowledgments

The authors thank Eyal Biyalogorsky, Dina Mayzlin, and
participants at the Fourth Annual Product and Service Inno-
vation conference for helpful comments on earlier versions
of the paper. The authors also thank Chris Leach, Carolyn
Levine, John Lynch, Luca Rigotti, and Karl Ulrich for sug-
gestions and advice, and Erica Smith and Matt Schmidt for
research assistance. Finally, the authors gratefully acknowl-
edge the constructive guidance from the review team.

Appendix

ProoF oF ProrosiTION 1. To prove that this strategy pro-
file and these beliefs comprise a PBE, first we show that
each player’s strategy is a best response to the other’s; then
we show the beliefs are consistent with the strategies.

(1) Is R optimizing given S’s strategy? For that to be true,
R has to want to not buy when the signal is 0, which is
the case when 7/2 < p. In addition, R has to want to buy
when the signal is 1, which is the case when (1 + 71)/2 > p.
Together, these form the condition 2p — 1 <1 <2p.

(2) Is S optimizing given R’s strategy? First, look at 0 <
m < . Under this strategy, S says a; =0 and R does not
buy, so S gets 0. Can S change its strategy for any of the
min 0 <m < i1 to get more than 0? Look at 71 — &. Should
S say buy (ag =1) for that m? Given that 7 is the m that
solves B + E_ [j(ug)|m] =0 and E_[j(ug) | m] is increasing
in m, B+E_ [j(ug) | m— €] <0. So, S does not want to change
his strategy for any m in 0 < m < iii. Now, look at /i <m < 1.
This is where ag =1. Does S want to change? No. With this
strategy, S has a nonnegative value, so he does not want to
change to a zero value.
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(3) Are the beliefs consistent with the strategies? S’s
strategy is contingent on whether m is above or below 7.
Conditioning on that distinction, the updated probability
distributions become uniform over M <m <1 or 0<m <1,
respectively. 0O

PROOF OF PROPOSITION 2, INCLUDING DERIVATION OF RISk
NEUTRAL CAsEs (§4). First, we present and solve the formu-
lations of the firm’s profit maximization problem for both
risk-neutral cases: targeting both groups of friends and tar-
geting only close friends. Second, we show when each case
applies. Third, we prove the claims at the end of Proposi-
tion 2 about price and bonus being increasing in ; in Cases
2 and 3.

Sell to Both Groups. The optimization problem in which
the firm sells to both close and distant friends is given in
the text (1). There are 10 constraints in that formulation, but
when we eliminate the redundant ones, we are left with
only 7, >2p—1, iy, >0, and B > 0. Using #1i; = p—B/B,, the
first two reduce to p <1—B/B, and p > B/f3,, respectively.

The behavior of the (unconstrained) objective function
determines which constraints are binding. The difference
between the value of the objective function at (p + A, B+ A)
to that at (p,B) is a(p—B)A(q/B,+ (1 —q)/B.—1). For
p > B, that difference is positive when q/8; + (1 —4)/8, > 1.
Therefore, when q/B8; + (1 — q)/B. > 1, simultaneous in-
creases in p and B increase the objective function without
bound, and upper bounds on p and B are binding: the
constraint p <1 — B/, is binding. Furthermore, if q/8, +
(1-9)/B. <1, then simultaneous decreases in p and B in-
crease the objective function without bound, and a lower
bound will be binding: B > 0.

Plugging these binding constraints into the objective
function yields the following:

4y 11 g P p*zl—;;
Bs B 2(1+B,) 2(1+8,)
q 1-—9q
If - 4+ <1, B*=0, p*=1)2.
Bd ﬁc p

Sell Only to Close Friends. If the number of distant friends
is too small (i.e., g low), then the firm may decide that it is
not worth pursuing that segment at all. If the firm targets
only close customers, the profit maximization problem is

maxa(p — B)(1—¢)(1-1m,)
v, B

subject to
2p—1<ii,<2p (signal to close friends must be credible),
iy <2p—1 (signal to distant friends not credible),
O0<my;<1, O0<m, <1

(logical restriction based on m; € [0, 1]),

p>0, B=>0 (price and bonus are nonnegative),

with i, =p — B/B. and iy =p — B/B, (however, because of
iy <2p —1, the recommendations to distant friends are not
credible).

Once again, eliminating redundant constraints reduces
the set to ; <2p — 1 (equivalently, p > 1 — B/By), i, >
2p — 1 (equivalently, p <1 — B/B,), iy > 0 (equivalently,

p > B/B;), and B > 0. In this case, the objective function is
unbounded in simultaneous increases in p and B for 8, <1
(and for simultaneous decreases for 8. > 1). So, for B, <1,
an upper bound on p and B applies, namely, p <1 — B/S..
Using p =1 — B/B, and optimizing the objective function
gives the solution B*=,./(2(1+8,)), p*=1-1/(2(1+B.)),
which satisfies the other constraints. For 8. > 1, p* =1/2 and
B* =0, but that solution violates the “signals not credible to
distant friends” constraint.

Finally, we comment that for recommendation risk neu-
trality, we do not have to consider the possibility of selling
only to distant friends. Setting a price to appeal to distant
friends will allow for credible recommendations to close
friends as well.

Compare the Profit in the Two Cases. Comparing the opti-
mal profit expressions in the two cases gives the condi-
tion that selling to both beats selling to close only when
a(1— )/ Q(1+B,)) < a(By(1—4) + B.(1+0)/(4B.(1+ B,).
That expression reduces to the condition given in Propo-
sition 2 as the boundary between Cases 2 and 3: g >
(Bc - Bd)(l - Bc)/((ﬁc - Bd) + 2:Bc + IBE + Bdﬁc)'

Price and Bonus Increasing in Concern. For the final line of
the proposition, to see that B* and p* are increasing in f3;
(where i =d for Case 2 and i = ¢ for Case 3), we look at the
first derivatives: dB*/dB; = dp* /dB; =1/(2(1 + B;)?).

That expression is positive, so the optimal B and p are
increasing in 3; in Cases 2 and 3. O

ProoF ofF ProrosITiON 3. We derive the expressions for
profit and the different components of consumer surplus
below.

Case 1. From Proposition 2, B* =0 and p* = 1/2, which
implies that 711, =1/2 and m,=1/2.

Profit: 7 = a(p — B)[q(1 — ;) + (1 —¢q)(1 —m,)] yields
T=a/b.

Distant friends” surplus: ¢; = ag !

Close friends’ surplus: ¢, = a(lrf]q) fﬁlh (m—p)ydm =
a(l—q)/8.

Case 2. From Proposition 2, B* = 8,/(2(1+ 8,)) and p* =
1—-1/(2(1+ B,)), which implies that ; = 8,/(1+ B,;) and
ﬁ/\lc = (Bc - Bd + ZBd:BL)/(ZBc(l + Bd))

Profit: 7 = a(p — B)[q(1 —1y) + (1 —q)(1 —in,)] yields
7=a(Bs(1=9)+B.(1+q)/(4B:.(1+Ba)))-

1

(m—p)dm=aq/8.

Distant friends’ surplus: ¢, =aq [~ (m —p)dm =0.

g

Close friends” surplus: ¢, = a(l—gq) fﬁi( (m—p)dm

a1 — ) (B2~ B2) /(821 + B,)P).
Case 3. From Proposition 2, B* = 8./(2(1+ 8,)) and p*

1—-1/(2(1+ B.)), which implies 7. = B./(1+ B,).

Profitt 7 = a(p — B)[(1—¢9)(1—7.)] yields 7 =
a((1—¢q)/2A+B.)))-

Distant friends” surplus: ¢; =0 (they do not buy).

Close friends” surplus:

1
¢.=a(l—q) [ (m=p)dm=0. O
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