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a b s t r a c t

We examine referral reward programs (RRP) that are intended for a service firm to encourage its current
customers (inductors) to entice their friends (inductees) to purchase the firm’s service. By considering the
interplay among the firm, the inductor, and the inductee, we solve a ‘‘nested’’ Stackelberg game so as to
determine the optimal RRP in equilibrium. We determine the conditions under which it is optimal for the
firm to reward the inductor only, reward the inductee only, or reward both. Also, our results suggest that
RRP dominates direct marketing when the firm’s current market penetration or the inductor’s referral
effectiveness is sufficiently high. We then extend our model to incorporate certain key impression man-
agement factors: the inductor’s intrinsic reward of making a positive impression by being seen as helping
a friend, the inductor’s concerns about creating a negative impression when making an incentivized
referral, and the inductee’s impression of the inductor’s credibility when an incentive is involved. In
the presence of these impression management factors, we show that the firm should reward the inductee
more and the inductor less. Under certain conditions, it is optimal for the firm to reward neither the
inductor nor the inductee so that the optimal RRP relies purely on unincentivized word of mouth.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

To gain market share, many service firms have launched various
referral reward programs (RRPs) that are intended to encourage
their existing customers (inductors) to recommend the firms’ ser-
vice to their friends (inductees). Because RRPs utilize existing cus-
tomers (who are familiar with the firm’s service) as inductors to
reach out to the same affinity group, their testimonies tend to be
more credible and effective in communicating and tailoring the va-
lue proposition than direct marketing (Brown and Reinigen, 1987;
Tuk et al., 2009). Consequently, RRPs are generally seen as partic-
ularly effective in acquiring new customers in the service industry.
At the same time, RRPs can be highly cost effective because the re-
wards for the inductor and the inductee are contingent on the in-
ductee’s successful purchase.

RRPs have become ubiquitous: a recent search on Bing using the
keywords ‘‘recommend-a-friend program’’ yielded over 23 million
hits. Most of the top hits originated from service firms offering re-
wards to their existing customers for referring their services to
their friends, and, in many instances, their friends also get rewards
for signing up as new customers. Examples of various RRPs in-
clude: (1) Entertainment services: DirectTV offers $100 credit to
the inductor and the inductee, Time Warner (cable TV) offers the
ll rights reserved.

ang@anderson.ucla.edu (C.S.
inductor one month free service and offers the inductee a reduced
service fee for the first year, and Netflix (an online video rental/
streaming company) offers the inductor $16 credit and offers the
inductee a reduced service fee for the first year, respectively; (2)
Wireless services: AT&T wireless, Verizon wireless, and Vonage
(a VOIP phone service provider) offer different credits to both the
inductor and the inductee; (3) Financial services: Scott Trade (an
online stock brokerage firm) offers 3 free trades and Hutchinson
Credit Union (a financial service cooperative) offers $25 rewards
to the inductor; however, neither firm offers rewards to the induc-
tee; (4) Fitness center: 24 hours Fitness (a popular fitness center in
the US) offers a $20 coupon to the inductors and offers the inductee
a reduced service fee for the first year; and (5) Professional socie-
ties: the Institute of Operations Research and Management Science
(INFORMS) launched a Member-Get-A-Member program by offer-
ing a $10 Amazon voucher but offers no reward to the inductee.

Despite the popularity of RRPs, little academic research has fo-
cused on the optimal design of RRPs or when to use referral re-
wards. By noting that traditional sales effort models examine
ways for a firm to choose a compensation plan to maximize its
profit by taking into account the salespersons effort levels under
different compensation plans, our base model of RRPs presented
in Section 3 is related to the sales effort model in the following
sense. First, the inductor in our model is essentially the ‘‘salesper-
son’’ in the sales effort model. Second, the inductor’s reward in our
model can be viewed as a specific ‘‘compensation plan.’’ (The
reader is referred to Basu et al. (1985), Lal and Staelin (1986),
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Rao (1990), and Lal and Srinivasan (1993) for various sales effort
models in the marketing literature, and Chen (2000) and Chen
(2005) in the operations literature).

Despite the aforementioned similarities between our base mod-
el of RRPs and the traditional sales effort models, there are two
subtle differences that deserve more clarifications. First, in our
base model of RRPs, the firm chooses the reward (r) for the induc-
tor and the discount incentive (d1) for the inductee. In traditional
sales effort models, the discount incentive for the consumers
(inductees in our RRP context) is not considered. One exception
is the model presented in Bhardwarj (2001) that deals with a situ-
ation in which the firm chooses a compensation plan for the sales-
person and the selling price for the customers. Unlike our base
model his sales response function is a linear function that is given
exogenously (Bhardwarj (2001, p. 146)). Specifically, Bhardwarj
(2001) examines a situation in which 2 competing firms sell
through sales reps; however, each firm may delegate the pricing
decision to its sales reps. Each firm offers a compensation plan that
takes the form of W = a + b(qi), where a is the fixed salary and b is
the commission on the unit sold for firm i = 1, 2. The compensation
plan is intended to entice the sales reps to exert effort ei. For any
given retail price pi and effort level ei, the demand for firm i’s prod-
uct is given by: qi(pi,ei,pj,ej) = h � pi + hppj + ei � hsej + d, where hp

represents price competition intensity, hs represents sales reps ef-
fort competition intensity, and d represents demand uncertainty.
By examining the non-cooperative game played by these two com-
peting firms, Bhardwarj (2001) determines the Nash equilibrium
(Proposition 3 on page 151) that exhibits the following properties:
both firms will delegate their pricing decisions to their sales reps in
equilibrium when price competition is more intense (i.e., when
hp > hs); and both firms will not delegate in equilibrium when effort
competition is more intense (i.e., when hs > hp). Observe that our
base model is related to Bhardwaj’s model when the firm does
not delegate and that the inductor’s reward r is related to the sales
reps’ commission b in Bhardwaj’s model. However, we obtain dif-
ferent results because our model is monopolistic while his model
is duopolistic; our sales response function (i.e., the demand func-
tion) is endogenous while his demand function is exogenous;
and our inductor’s reward r is a decision variable while the sales
reps’ commission b is given exogenously. Specifically, Bhardwarj
(2001) shows that the commission b has no impact on the selling
price in equilibrium (see the no delegation case in Table 1 on page
154), while we show that the inductor’s reward r is directly related
to the discount incentive d1 for the inductees in equilibrium (The-
orems 1 and 2 in our paper).

Second, in the sales effort model, customers (i.e., inductees in
the RRP context) are ‘‘passive’’ participants so that more customers
will buy the product if the sales agents (i.e., inductors in the RRP
context) exert more efforts. Consequently, the sales response func-
tion considered in most sales effort models is usually given exoge-
nously so that the purchasing behavior of each customer (or
inductee) is not modeled explicitly. However, in order to develop
a base model that would enable us to capture the issue of impres-
sion management that would affect the inductor’s effort and the
inductee’s purchasing behavior, our base model of RRPs captures
the purchasing behavior of each inductee in an explicit manner.
Specifically, we consider each inductee is an ‘‘active’’ participant
and each inductee’s purchasing decision depends on the inductee’s
valuation and the discounted price offered by the firm that are not
considered in the sales effort model. Hence, the inductee’s re-
sponse in our model is determined endogenously and it is derived
from the rational purchasing behavior of each inductee.

In the traditional sales effort models, it is assumed that the sales
agent (i.e., the inductor) can increase the number of customers (i.e.,
inductees) to sign up the firm’s service (in expectation) by increas-
ing his efforts. However, as we extend our base model to capture
the issue of impression management, the extended model pre-
sented in Section 4 is different from the traditional sales effort
models in the following sense. First, each inductee’s purchasing
decision depends on the incentive for the inductee to sign up the
firms service as well as the inductee’s impression about the induc-
tor’s referral reward and his effort. Second, due to the potential
negative impression about the inductor’s intention due to his refer-
ral reward and his effort, the inductees may refuse to sign up the
firm’s service when the inductor’s referral reward and his effort
create strong negative impression. To our knowledge, the interac-
tion between the incentives given to the agents (inductors in our
RRP context) and the consumers (inductees in our RRP context)
has not been considered in the sales effort literature. The sales ef-
fort model focuses on the dynamics between two parties: the firm
and the sales agent (i.e., the inductor in the RRP context); however,
because the inductee in the RRP model is an active participant, one
needs to examine the inter-plays among three parties: the firm, the
inductor, and the inductee.

Our research sheds light on a number of important questions
related to RRPs. First, by considering the interplay among the firm,
the inductor, and the inductee, we solve a ‘‘nested’’ Stackelberg
game so as to determine the optimal RRP in equilibrium. We deter-
mine the conditions under which it is optimal for the firm to re-
ward the inductor only, reward the inductee only, or reward
both. Second, we study under what conditions RRPs would domi-
nate direct marketing. Third, we then extend our model by incor-
porating impression management factors that are important
aspects of incentivized referrals but have hitherto not been mod-
eled in the literature. They are the inductor’s intrinsic reward of
making a positive impression by being seen as helping a friend,
the inductor’s concerns about creating a negative impression when
making an incentivized referral, and the inductee’s impression of
the inductor’s credibility when an incentive is involved. Specifi-
cally, we examine how impression management factors affect the
reward structure of the optimal RRP, and we show that strong
impression management factors can make referral rewards subop-
timal. Our paper contributes to the extant literature by developing
a comprehensive model to examine a firm’s optimal RRP design
and by determining how this design is affected by the aforemen-
tioned impression management factors.

In this paper, we present a model to capture the inductor’s and
the inductee’s behavior as well as the environmental factors. Spe-
cifically, to explicate the mathematical structure of our model, we
first present the base model that is intended to analyze the under-
lying dynamics among the firm, the inductor, and the inductee
without considering impression management factors. Our base
model uses a ‘‘nested’’ Stackelberg game in which the firm acts
as the ‘‘super’’ leader of an ‘‘outer’’ game who decides on the re-
ward mechanism to be given to the inductor and the inductee.
For any given reward mechanism, the inductor and the inductee
enter an ‘‘inner’’ game in which the inductor is the leader who
chooses his referring effort in promoting the service (on behalf of
the firm), and the inductee is the follower who makes her purchas-
ing decision. By solving this nested game using backward induc-
tion, we show how the regular selling price and the inductor’s
referral effectiveness affect the structure of the optimal RRP that
the firm should adopt in equilibrium. By comparing the firm’s prof-
its under the optimal RRP and under direct marketing, we identify
conditions under which RRP dominates direct marketing. We then
extend our base model of RRP to incorporate impression manage-
ment factors and show how they significantly change the optimal
reward structure of a RRP.

From our analysis we obtain the following results. First, the reg-
ular price and the inductor’s referral effectiveness affect the reward
structure of an optimal RRP. Second, RRP dominates direct market-
ing when the firm’s number of current customers (i.e., its market
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penetration) or their referral effectiveness is sufficiently high.
Third, when we extend our model to incorporate impression man-
agement factors, our analysis reveals that the optimal reward
structure shifts from rewarding the inductor only towards reward-
ing both or rewarding the inductee only. Also, there are cases in
which the firm should ‘‘reward none’’ so that the firm should rely
on unincentivized word of mouth (WOM) via the inductors’ social
network to acquire new customers.

The remainder of this paper is organized as follows. We provide
a brief review of the related literature in Section 2. Section 3 pre-
sents our base model that is intended to explicate the mathemat-
ical structure of the nested Stackelberg game without
considering impression management factors. We determine the
optimal RRP reward structure and show when a RRP dominates di-
rect marketing. In Section 4, we extend our base model so as to
examine the impact of impression management factors on the
optimal reward structure. The paper ends with some concluding
remarks and future research directions.
1 Our model does not deal with a start-up company that offers RRP so that each
nsumer can decide to be an inductor (i.e., an early adopter who signs up the firm’s
rvice without referral and then refers to his friends) or an inductee (i.e., a late

dopter who signs up later and obtains some rewards). To capture the consumers’
rategic behavior over time for a start up firm, one would need to develop a two-
eriod dynamic model which is beyond the scope of this paper. The authors thank one
viewer for this insightful comment.
2 Even though p is exogenously given, one can always search for the optimal price p

umerically.
2. Literature review

Despite the popularity of RRPs in practice, only a few studies
have explored the optimal design of a RRP. In the marketing liter-
ature, experimental work focused largely on the inductor’s re-
sponse to referral rewards associated with RRPs. Ryu and Feick
(2007) examined the impact of tie-strength (the relationship be-
tween the inductor and the inductee), brand strength and the RRP’s
reward structure (reward only the inductor, only the inductee, or
reward both) on the inductor’s likelihood to make referrals. By con-
sidering the extent to which the inductor is satisfied with the firms
products, Wirtz and Chew (2002) showed that the referral reward
is an effective mechanism to increase the inductor’s likelihood to
make referrals, especially when the inductor is highly satisfied. In
contrast to Ryu and Feick (2007) and Wirtz and Chew (2002) who
focused on the inductor’s response, Tuk et al. (2009) examined the
inductee’s responses to the RRP reward structure. They showed
that the inductor’s reward can reduce the inductee’s likelihood to
purchase because the inductor’s reward can be ill-perceived by
the inductee and reduces the perceived sincerity of the inductor.
In this paper, we capture the key findings of this stream of exper-
imental work as follows: for any given reward structure (r,d) (Ryu
and Feick, 2007), the inductor’s likelihood to make referrals and
the inductee’s likelihood to purchase possess the same properties
in our model as discovered in Tuk et al. (2009) and Wirtz and Chew
(2002). As such, this present study complements the extant stream
of experimental work.

There are two recent modeling papers that deal with RRPs in the
following manner. To our knowledge, Biyalogorski et al. (2001) are
the first to analyze a RRP in which the reward is given to the induc-
tor only: either through a referral reward that is contingent upon a
successful referral, or through a lower price for the inductor that is
intended to delight him so as to improve his willingness to make
referrals. They show that, because the referral reward is contingent
upon successful referral, the referral reward can be more effective
because it avoids the free-rider problem that is present in the low-
er price strategy. Our model expands the issues examined by Biy-
alogorski et al. (2001) as follows. In additional to the inductor’s
referral reward, we consider an RRP that also offers a reward to
the inductee via a price discount. Because there are rewards for
the inductor and for the inductee, we develop a nested Stackelberg
game that enables us to capture the behavior among three major
players (the firm, the inductor, and the inductee).

In addition to Biyalogorski et al. (2001), and Kornish and Li
(2010) are the first who incorporated a psychological factor: the
inductor will take the expected inductee’s satisfaction level with
a product into consideration when deciding whether to recom-
mend that product. Kornish and Li consider the situation in which
the inductor is more knowledgeable about a product’s performance
than his friend, and he knows his friend’s needs and wants, which
means that the inductor can then make an informed recommenda-
tion to the inductee. They investigate the impact of the inductor’s
concern over the inductee’s satisfaction with the product on the
optimal inductor’s referral reward and the inductee’s price. Specif-
ically, inductors were modeled to be concerned about potentially
negative effects of inductee dissatisfaction on the inductor’s repu-
tation, which led to incentives having to be increased at first to
compensate for that risk until it became too high and inductors
preferred inductee discounts (and no reward to the inductor) to
mitigate that risk. Our paper complements Kornish and Li’s work
as follows. While Kornish and Li (2010) address the inductor’s con-
cern about the inductee’s satisfaction level with the product, we
examine impression management factors that directly relate to
the reward structure of the RRP: (a) the inductor’s concern of mak-
ing a negative impression when potentially being seen to be moti-
vated by a reward and by benefiting from a friend’s purchase; (b)
the flip side of the inductor’s negative impression management
factors is the inductee’s concern about the inductor’s objectivity
when an incentivized referral is involved; and (c) the inductor’s
intrinsic reward though making a positive impression of being
helpful to a friend, especially if the friend can receive an attractive
discount as part of the RRP.

In summary, our paper contributes to the existing literature in
the following ways: First, we develop a model about RRPs that cap-
tures the major findings of a stream of experimental work about
the inductor’s referral and inductee’s purchasing behaviors. Hence,
our work complements the extant stream of experimental work.
Second, relative to the existing game theoretical models of RRPs,
our model deals with additional decision variables (c.f., Biyalogor-
ski et al., 2001), and the hitherto unexplored impression manage-
ment factors that are directly related to inductor’s and inductee’s
rewards (c.f., Kornish and Li, 2010). Third, we obtain closed form
expressions for the optimal RRP reward structure, which enable
us to examine the impact of different impression management
and environmental factors. Fourth, besides helping us to formalize
our understanding of RRPs, our model can also serve as a building
block for determining optimal reward structures in more general
settings.
3. The base model

Consider an existing service firm (e.g., AT&T or Verizon) who of-
fers a service in a market that is comprised of m + N customers.
Currently, the firm has m existing customers and the firm’s market
penetration is /, where / = m/(m + N). Hence, the potential number

of new customers is N ¼ m 1
/� 1
� �

.1 Currently, the firm is offering

its service at a regular price p to all existing customers. In our model,
we assume p is given exogenously for two reasons.2 First, this
assumption is consistent with actual practice: the regular price p re-
mains the same in the examples mentioned in Section 1. Second, in
the context of RRPs, a firm should not lower its regular price because
it would allow those existing customers who do not serve as
co
se
a
st
p
re

n
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Fig. 1. Game structure for direct marketing.
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inductors to pay a lower price and would cause the firm to lose rev-
enue. Instead of lowering the price to all existing customers by
‘‘leaving money on the table’’, we focus on the usage of referral re-
ward to inductors and the price discount to inductees. Moreover,
we focus on analyzing the equilibrium behavior of the firm, the
inductor, and the inductee. To obtain tractable results, we assume
each new customer has a service valuation V, where V � U[0,1]. To
solicit new customers, the firm can use either (1) direct marketing
(e.g., advertising and promotions) or (2) a RRP.

3.1. The benchmark model: direct marketing

Under direct marketing, the firm offers a discount d0 (a decision
variable that satisfies d0 2 (0,1]) so that each new customer can
purchase the service at a discounted price pd0. The direct market-
ing program has two cost components: a fixed cost for advertising
such as the design for TV and print advertisements K, and a vari-
able cost for mass communication to potential customers k. This
direct marketing program will enable the firm to reach aN poten-
tial new customers, where a 2 [0,1] is the penetration rate of direct
marketing program. Under direct marketing, the interaction be-
tween the firm and the new customer can be modeled as a simple
Stackelberg game in which the firm acts as the leader who selects
the discount rate d0, and the new customer acts as the follower
who decides whether to purchase (Fig. 1).

Given d0, each customer will buy the service if her valuation
V P pd0 + h0, where h0 is the ‘‘hurdle rate’’ which captures the im-
plicit costs associated with the customer’s perceived risk due to
unfamiliarity with the service and/or lack of knowledge and skills
of using the service (Su, 2009). In this case, the probability of a po-
tential customer to purchase the service is P{V P pd0 + h0}. Know-
ing the customer’s purchase probability, the firm can determine
the optimal discount d�0 2 ð0;1� by solving the following problem:

max
d02ð0;1�

½Na � PfV P pd0 þ h0g � ðpd0 � cÞ � K � kN�;

where c is the unit cost for serving a customer. Notice that Na is the
effective number of potential customers generated by the direct
marketing program, and kN is the cost associated with mass com-
munication to all potential customers N. By using the fact that
V � U[0,1], the firm’s expected profit can be rewritten as:
[Na�(1 � (pd0 + h0)) � (pd0 � c) � K � kN].

By considering the first-order condition, we obtain the follow-
ing result:

Lemma 1. Under direct marketing, the optimal discount

d�0 ¼min 1�h0þc
2p ;1

n o
, and the firm’s optimal expected profit

p�0ðN;h0Þ satisfies

p�0ðN;h0Þ ¼ m
1
/
� 1

� �
a

1� h0 þ c
2p

� �2

� K � km
1
/
� 1

� �
: ð1Þ

Lemma 2 suggests that the firm should offer a deeper discount
d�0 if the regular price p or the hurdle rate h0 is high. By noting that

d�0 ¼ 1 when p 6 1�h0þc
2 , there is no incentive for the firm to set

p < 1�h0þc
2 especially when the firm anticipates price discount ex-

ante. As such, we focus on the case when p P 1�h0þc
2 in the remain-

der of this paper.
3.2. The base model: referral reward program

Note that our model is a one-period model which captures the
context in which the firm needs to increase revenue by leveraging
existing consumers. Therefore the underlying assumption is the
firm has already existing consumers when it makes the decision
regarding the structure of the referral reward program. Under
RRP, the firm offers a reward structure with two components: (a)
a referral reward r (a decision variable that has r P 0) to be given
to each existing customer (an inductor) who refers a friend (an in-
ductee) successfully; and (b) a price discount d1 (a decision vari-
able that satisfies d1 2 (0,1]) to be given to each inductee so that
the inductee can purchase the service at a discounted price pd1.
(We shall refer to the term (1 � d1) as the ‘‘discount depth’’ under
RRP throughout this paper.) Observe that the reward structure
(d1,r) can be classified into four basic types: (1) Reward the induc-
tor only; i.e., r > 0, d1 = 1; (2) Reward both; i.e., r > 0, d1 2 (0,1); (3)
Reward the inductee only; i.e., r = 0, d1 2 (0,1); and (4) Reward
none; i.e., r = 0, d1 = 1.

Given the reward structure, the interplay among the firm, the
inductor and the inductee can be modeled as a ‘‘nested’’ Stackel-
berg game that integrates an inner game with an outer game
(Fig. 2). We assume the inductor’s reward r and inductee’s pur-
chase discount d1 are common knowledge. In most instances, the
reward structure is common knowledge through the firm’s mar-
keting communication or the communication between the induc-
tor and the inductee.

Given any reward (r,d1), the inductor and the inductee enter a
Stackelberg game in which the inductor acts as the leader who
chooses his referral effort e, and the inductee acts as the follower
who makes her purchase decision. Throughout this paper, we shall
refer to the inductor and the inductee as ‘‘he’’ and ‘‘she’’, respec-
tively. Anticipating the inductor’s and the inductee’s equilibrium
responses in the inner game, the firm acts as the ‘‘super’’ leader
who determines its reward structure ðr�; d�1Þ, that maximizes its
equilibrium profit in the outer game. Once the equilibrium reward
structure ðr�; d�1Þ is determined, one can retrieve other equilibrium
outcomes accordingly.
3.2.1. Analysis of the inner game
For any reward structure (r,d1) and for any referral effort e

exerted by the inductor, the inductee will purchase the service if
her valuation V P pd1 + h(e), where h(e) is the inductee’s hurdle
rate associated with inductor’s effort e (e.g., communication, expla-
nation, demonstration, and persuasion). We assume the inductee’s
hurdle rate h(e) is decreasing and convex in the inductor’s effort e.
For ease of exposition, we consider the case when hðeÞ ¼ h0 � h

ffiffiffi
e
p

.
Notice that the parameter h represents the inductor’s referral effec-
tiveness. Managerially speaking, the inductor’s referral effective-
ness h reflects the inductors’ overall satisfaction with the service
(Wirtz and Chew, 2002). For instance, when the inductor is highly
satisfied with the service, he is more effective in articulating the va-
lue of the service to the inductee (e.g., Jones and Sasser, 1995; Rust
et al., 1995). Therefore, the inductee will purchase the service with
probability bðeÞ ¼ PfV P pd1þ ðh0 � h

ffiffiffi
e
p
Þg. Given the inductee’s
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Fig. 2. The inner and outer games of a referral reward program.
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purchase probability b(e) and the referral reward r, the inductor’s
expected payoff for his referral effort e is equal to
rbðeÞ � e ¼ r � PfV P pd1 þ ðh0 � h

ffiffiffi
e
p
Þg � e. By using the fact that

V � U[0,1], the inductor’s problem can be written as:

max
eP0

½rð1� pd1 � h0 þ h
ffiffiffi
e
p
Þ � e�:

By considering the first-order condition, the inductor’s equilibrium
referral rate satisfies:

e� ¼ rh
2

� �2

: ð2Þ

Observe from (2) that the equilibrium referral effort e⁄ in the inner
game is increasing in the inductor’s referral reward r and the induc-
tor’s referral effectiveness h. This result is consistent with the exper-
imental findings reported by Ryu and Feick (2007). Therefore, for
any given referral reward r, the inductor will participate the RRP
if his net surplus from referring is non-negative, i.e., if
(rb(e⁄) � e⁄) P 0. It follows from (2) that

bðe�Þ ¼ 1� pd1 � h0 þ
rh2

2
: ð3Þ

Hence, the inductor’s participation constraint can be rewritten as:

ðrbðe�Þ � e�Þ ¼ r � 1� pd1 � h0 þ
rh2

4

 !
P 0: ð4Þ

Observe from (3) that the inductee’s purchase probability b(e⁄) and
from (4) that the inductor’s surplus are increasing with the induc-
tor’s referral effectiveness h and the inductee’s discount depth
(1 � d1). Hence, these results are consistent with our intuition.

3.2.2. Analysis of the outer game
By anticipating the inductor’s and the inductee’s response as

described in Section 3.2.1, we now analyze the outer game. For
tractability, let us assume that each inductor will refer one induc-
tee (when the inductor participates in the RRP).3 Hence, for any gi-
ven (d1, r), the firm’s expected profit is equal to

p1ðd1; rÞ ¼ ½m � bðe�Þ � ðpd1 � cÞ �m � r � bðe�Þ�; ð5Þ
3 We make this assumption for tractability. However, the same approach can be
used to analyze the case when each inductor refers multiple inductees.
where the first term represents the gross profit obtained from the
inductees and the second term represents the referral cost paid to
inductors. By consider b(e⁄) given in (3), we can determine the
firm’s equilibrium reward structure by solving the following opti-
mization problem:

p�1¼ max
d12ð0;1�;rP0

m � 1�pd1�h0þ
rh2

2

 !
� ðpd1�c� rÞ

" #
; subject to ð4Þ:

By relaxing all constraints and by considering the Langrangean
associated with the above optimization problem, we can identify
the set of active constraints in the optimal solution. As it turns
out, the optimal reward structure depends on the regular price p.
For ease of exposition, we shall present our results according to dif-
ferent price levels. First, the following theorem deals with the case
when the firm’s regular price p is low.

Theorem 1 (Low Regular Price). Suppose p < 3�3h0�c
2 . Then the firm

should never reward both the inductor and the inductee; i.e., either
d�1 ¼ 1 or r⁄ = 0. Specifically, the firm’s optimal reward structure
satisfies

ðd�1; r�Þ ¼
1�h0þc

2p ;0
� �

; if h2

4 < 0:5;

1; h2pþ2p�ch2�2þ2h0
2h2

� �
; otherwise:

8><
>: ð6Þ

Theorem 1 can be interpreted as follows. When the firm’s regu-
lar price p is low, the firm cannot afford to reward both the induc-
tor and the inductee without spreading its rewards too thin and
rendering them ineffective. Hence, the firm should not reward
both. To reward either the inductor or the inductee but not both,
the firm has to choose the player who offers the highest return
for its reward. Consequently, it is intuitive to reward the inductor
only when his referral effectiveness is sufficiently high (i.e., when
h2

4 P 0:5). Otherwise, the firm should offer the incentive to the in-
ductee only.

Substituting the optimal reward structure given in (6) into the
firm’s expected profit given in (5), we can determine the firm’s
optimal expected profit in equilibrium p�1 ¼ p1ðd�1; r�Þ accordingly.
By considering the case when p = 0.7, c = 0.2, h0 = 0.4 so that
p < 3�3h0�c

2 , the top chart in Fig. 3 illustrates the impact of the
inductor’s referral effectiveness (measured in terms of h2

4 ) on the
firm’s optimal profit and its optimal reward structure (measured
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in terms of the inductor’s referral reward r⁄ and the inductee’s dis-
count depth ð1� d�1Þ).

By using the same approach as before, we can establish the fol-
lowing result for the case when the firm’s regular price p is high:

Theorem 2 (High Regular Price). Suppose p P 3�3h0�c
2 . Then the

firm’s optimal reward structure satisfies
ðd�1; r�Þ ¼

1�h0þc
2p ;0

� �
; if h2

4 6 0:5;

1�h0
p þ

h2=4�ð1�h0�cÞ
2pð1�h2=4Þ ;

1�h0�c
2ð1�h2=4Þ

� �
; if 0:5; < h2

4 6
2ðpþh0�1Þ

ðp�cÞþðpþh0�1Þ ;

1; 4ðpþh0�1Þ
h2

� �
; if 2ðpþh0�1Þ

ðp�cÞþðpþh0�1Þ <
h2

4 6
3ðpþh0�1Þ

2ðp�cÞ ;

1; h2pþ2p�ch2�2þ2h0
2h2

� �
; if h2

4 >
3ðpþh0�1Þ

2ðp�cÞ :

8>>>>>>>><
>>>>>>>>:

Contrary to Theorems 1, 2 asserts that it can be optimal for the
firm to reward both the inductor and the inductee when p is suffi-
ciently high. For instance, when the inductor’s referral effective-

ness h2

4 is in the medium range; i.e., when 0:5 < h2

4 6
2ðpþh0�1Þ

ðp�cÞþðpþh0�1Þ,

the firm should reward both the inductor and the inductee. Also,
as the inductor’s referral effectiveness h increases, the inductee’s
hurdle rate h(e⁄) = h0 � rh2/2 decreases and becomes more eager
to purchase the service. In this case, the firm can discount less
(i.e., a higher d�1). Finally, when the inductor is very effective in

referring, say, when 2ðpþh0�1Þ
ðp�cÞþðpþh0�1Þ <

h2

4 , the third statement reveals

that it is optimal for the firm to reward the inductor only (i.e.,
d�1 ¼ 1Þ. Also, by examining the inductor’s referral reward r⁄ as sta-
ted in Theorem 2, it can be shown that r⁄ is decreasing in the induc-

tor’s referral effectiveness h when h2

4 >
3ðpþh0�1Þ

2ðp�cÞ . This is because, as h

is sufficiently large, the inductee’s hurdle rate h(e⁄) = h0 � rh2/2 is
sufficiently low. As such, the firm can afford to lower the reward
for the inductor r⁄ without affecting the inductee’s purchase prob-
ability significantly.

Substituting the optimal reward structure presented in Theo-
rem 2 into the firm’s expected profit given in (5), we can determine
the firm’s optimal expected profit in equilibrium p�1 ¼ p1ðd�1; r�Þ
accordingly. By considering the case when p = 1.2, c = 0.2, h0 = 0.4
so that p P 3�3h0�c

2 , the bottom chart in Fig. 3 illustrates the impact
of the inductor’s referral effectiveness level (measured in terms of
h2/4) on the firm’s optimal profit and its optimal reward structure
(measured in terms of the inductor’s referral reward r⁄ and the in-
ductee’s discount depth ð1� d�1Þ).

3.3. Comparing direct marketing and referral reward program

Comparing the firm’s optimal profit under direct marketing pro-
gram p�0ðm;h0Þ given in (1) in Lemma 2 and the firm’s optimal prof-
it under RRP p�1ðd

�
1; r

�Þ by using the results stated in Theorems 1
and 2, we can establish the following intuitive result formally:

Corollary 1 (Direct Marketing versus RRP). There exists two thresh-
olds s1 and s2 so that the Referral Reward Program dominates Direct
Marketing when the firm’s current market penetration is sufficiently
high (/ P s1) or when the inductor’s referral effectiveness is suffi-
ciently high (h P s2).
4. Extension: the issue of impression management

In this section, we extend the base model presented in Sec-
tion 3.2 by incorporating impression management factors associ-
ated with referral reward (d1,r). First, from the inductee’s
perspective, the credibility of the inductor’s recommendation
would decrease if the inductor received a referral reward r. Hence,
as the inductor’s referral reward r increases, the inductee’s hurdle
rate increases because the inductee may have a suspicion about the
inductor’s motive. To capture this effect, we modify the inductee’s
hurdle rate h(e) defined in Section 3.2.1 by including an additional
term Dr so that

hðeÞ ¼ h0 � h
ffiffiffi
e
p
þ Dr; ð7Þ

where D > 0.
Next, when incorporating the inductor’s impression manage-

ment factors associated with any RRP reward (d1,r), the inductor’s
effective reward equals to r + s(r,d1), where r is the inductor’s di-
rect benefit and s(r,d1) captures the impression management costs
and benefits associated with the following factors. First, regardless
of the inductor’s referral reward r, the inductor may obtain an
intrinsic reward s0 P 0 that is associated with helping a friend
make a good purchase decision, and make an impression of being
helpful and knowledgeable when making a recommendation
(e.g., Arndt, 1967; Dichter, 1966; Ryan and Deci, 2000). We shall
refer s0 as the intrinsic reward in the remainder of this paper. Sec-
ond, when r > 0, the inductor may be concerned about being seen
as wanting to benefit from his friend’s purchase decision (c.f.,
Tuk et al., 2009). Hence, there is a negative benefit �s1r that is
associated with this concern, which we shall refer to as the nega-
tive impression management in the remainder of this paper. Third,
when r = 0 and d1 > 0, the inductor may perceive a reward from
managing a ‘‘positive impression’’ s2(1 � d1) � I{r=0} (with s2 > 0
and I{r=0} as the indicator function) that is associated with making
the impression of being genuinely interested in helping the induc-
tee to receive a discount without receiving any referral reward
himself. In view of these three impression management factors,
the inductor’s effective reward under RRP is equal to r + s(r,d1),
where

sðr;d1Þ ¼ s0 � s1r þ s2ð1� d1Þ � Ifr¼0g: ð8Þ

Observe from (8) that the inductor’s effective reward r + s(r,d1) in-
volves a step function s2(1 � d1)�I{r=0}. For this reason, we now first
determine the firm’s optimal profit p�2 for the case when r = 0 in
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Section 4.1. Then, in Section 4.2, we determine the firm’s optimal
profit p�2 for the case when r > 0. Then, by comparing the firm’s opti-
mal profits associated with these two cases, we can obtain the
firm’s optimal reward structure that yields the highest profit for
the firm numerically in Section 4.3.

4.1. Analysis of the inner game and outer game when the referral
reward r = 0

When the inductor’s referral reward r = 0, we can use the hurdle
rate h(e) given in (7) to show that the inductee’s purchase proba-
bility b(e) satisfies:

bðeÞ ¼ PfV P pd1 þ ðh0 � h
ffiffiffi
e
p
Þg: ð9Þ

By considering the inductor’s effective reward given in (8) for the
case when r = 0 and by anticipating the inductee’s purchase proba-
bility b(e) given in (9), one can determine the inductor’s optimal
referral effort in equilibrium by solving the following problem:

max
eP0

½ðs0 þ s2ð1� d1ÞÞ � bðeÞ � e�: ð10Þ

By using the fact that the valuation V � U[0,1] and by considering
the first-order condition, we obtain the following result:

Lemma 2. When r = 0, the inductor’s referral effort in equilibrium
satisfies:

e� ¼ ðs0 þ s2ð1� d1ÞÞh
2

� �2

: ð11Þ

Substituting e⁄ into (10), the inductor’s participation constraint
can be written as:

1� pd1 � h0 þ
ðs0 þ s2ð1� d1ÞÞh2

4
P 0: ð12Þ

Hence, the firm’s problem associated with the outer game can be
written as:

p�2 ¼ max
d12ð0;1�

m � 1� pd1 � h0 þ
ðs0 þ s2ð1� d1ÞÞh2

4

 !
� ðpd1 � cÞ

" #

s:t: 1� pd1 � h0 þ
ðs0 þ s2ð1� d1ÞÞh2

4
P 0:

By considering the Kuhn–Tucker conditions associated with the
Langrangean function, we can establish the following result:

Theorem 3 (No Inductor Referral Reward). When r = 0, the firm
should offer the inductee a discount d�1 in equilibrium that satisfies:

d�1 ¼ min 1;
1� h0 þ ðs0 þ s2Þh2=4

pþ s2h
2=4

;

(

ðpþ s2h
2=2Þc þ ð1� h0 þ ðs0 þ s2Þh2=2Þp

2pðpþ s2h
2=2Þ

)
:

By noting that d�1 is decreasing in the inductor’s referral effec-
tiveness h2/4, it is easy to check that d�1 ¼ 1 (i.e., no discount for
the inductee) when the inductor’s referral effectiveness h2/4 is suf-
ficiently high. This result reveals the possibility of having the firm
to ‘‘reward none’’ ðr� ¼ 0; d�1 ¼ 1Þ in the presence of impression
management factors. We examine this possibility in Section 4.3.
4.2. Analysis of the inner game and outer game when the referral
reward r > 0

When the inductor’s referral reward r > 0, we can use the hurdle
rate h(e) given in (7) to show that the inductee’s purchase proba-
bility b(e) satisfies:
bðeÞ ¼ P V P pd1 þ ðh0 � h
ffiffiffi
e
p
þ DrÞ

� �
: ð13Þ

Anticipating the inductee’s purchase probability, one can determine
the inductor’s referral effort in equilibrium by solving the following
problem:

max
eP0

½ðr þ sðr;d1ÞÞ � bðeÞ � e�; ð14Þ

where (8) yields s(r,d1) = s0 � s1r. By using the fact that the valua-
tion V � U[0,1] and by considering the first-order condition, we ob-
tain the following result:

Lemma 3. When r > 0, the inductor’s referral effort in equilibrium
satisfies:

e� ¼ ðs0 þ ð1� s1ÞrÞh
2

� �2

: ð15Þ

Because s1 2 [0,1], it is easy to check that the inductor’s referral
effort e⁄ is increasing in the inductor’s referral reward r, the induc-
tor’s intrinsic benefit s0, and the inductor’s referral effectiveness h.
Also, observe that the inductor’s referral effort e⁄ given in (15) re-
duces to the base case as given in (2) when s0 = s1 = 0.

By using (15) and (14) along with the fact that s(r,d1) = s0 � s1r,
the inductor’s participation constraint ((r + s(r,d1))�b(e⁄) � e⁄P 0)
can be written as:

1� pd1 � h0 þ
ðs0 þ ð1� s1ÞrÞh2

4
� Dr P 0: ð16Þ

Hence, the firm’s problem associated with the outer game can be
written as:

p�3 ¼ max
d12ð0;1�

m � 1� pd1 � h0 þ
ðs0 þ ð1� s1ÞrÞh2

4
� Dr

 !
� ðpd1 � c � rÞ

" #

s:t: 1� pd1 � h0 þ
ðs0 þ ð1� s1ÞrÞh2

4
� Dr P 0: ð17Þ

By considering the Kuhn–Tucker conditions associated with Lagran-
gean functions, we can determine the optimal reward structure
ðd�1; r�Þ that involves the solutions associated with different regions
within the feasible set. To simplify our exposition, let us introduce

the following quantities. Let: a ¼ 1� h0 þ s0h2

2 ; a0 ¼ 1� h0 þ s0h2

4 ;

k ¼ �1� Dþ ð1�s1Þh2

2 ; and k0 ¼ �1� Dþ ð1�s1Þh2

4 . Also, we define:

ðd�a;r�aÞ¼
a0 þ ðk0 þ1Þr�a

p
;min

p�a0

k0
;max �ðk�k0Þða0 �cÞþk0ða�a0Þ

2ðk�k0Þk0
;
1�h0� c

1þD

	 
	 
� �

ðd�b;r�bÞ¼
aþðkþ2Þr�bþ c

2p
;min

p�a0

k0
;
1�h0� c

1þD

	 
� �

ðd�c ;r�cÞ¼ ð1;0Þ

ðd�d ;r�dÞ¼
a0 þ ðk0 þ1Þr�d

p
;
1�h0� c

1þD

� �

if p3 d1 ¼
a0 þ ðk0 þ1Þr

p
;r¼1�h0� c

1þD

� �
>p3 d1 ¼

a0 þ ðk0 þ1Þr
p

;r¼p�a0

k0

� �

ðd�d ;r�dÞ¼
a0 þ ðk0 þ1Þr�d

p
;
p�a0

k0

� �
Otherwise

ðd�e ;r�eÞ¼
aþðkþ2Þr�eþc

2p
;min

p�a0

k0
;
1�h0� c

1þD

	 
� �

ðd�f ;r�f Þ¼ ð1;0Þ ð18Þ

By using those quantities defined in (18), we obtain the following
results:

Theorem 4 (Reward Inductor (r > 0)). Suppose the firm chooses to
reward the inductor under RRP so that r > 0. Then the firm’s optimal
reward structure ðd�1; r�Þ can be described as follows:



Fig. 4. Numerical analysis of the impacts of impression management factors on the optimal RRP.
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1. When h2

4 <
1þD

2ð1�s1Þ
; ðd�1; r�Þ ¼ min aþc

2p ;
a0
p ;1

n o
;0

� �
:

2. When 1þD
2ð1�s1Þ

6
h2

4 <
1þD
1�s1

; ðd�1; r�Þ ¼ argmax p3ðd�a; r�aÞ;p3 d�b; r
�
b

� �
;

�
p3ðd�c ; r�cÞg.

3. When h2

4 P 1þD
1�s1

; ðd�1; r�Þ ¼ argmaxfp3ðd�d; r�dÞ;p3ðd�e; r�eÞ;p3ðd�f ; r�f Þg.

When the inductor’s referral effectiveness is low (i.e., when
h2

4 <
1þD

2ð1�s1Þ
), Theorem 4 reveals that the firm should never reward

the inductor, i.e., r⁄ = 0. This result is consistent with the result ob-
tained in Theorem 1 in the base model. It is easy to check from The-

orem 4 that the case associated with h2

4 <
1þD

2ð1�s1Þ

� �
reduces to the

base model for the case associated with h2

4 < 1=2 when D = 0 and
s1 = 0. Also, as indicated in Statement 3, it is possible for the firm
to reward none when the inductor’s effectiveness is sufficiently

high; say, when h2

4 P 1þD
2ð1�s1Þ

). We shall investigate this further

numerically in the next section.
By using the results obtained in Theorems 3 and 4 for the case

when the inductor’s referral reward r = 0 and r > 0, respectively, we
can determine the firm’s (global) optimal profit by selecting the
case that yield the higher profit; i.e., the firm’s optimal profit is
equal to P ¼maxfp�2;p�3g. In addition, one can retrieve the optimal
reward structure ðd�1; r�Þ that yields the maximum profit for the
firm in the presence of various impression management factors.
4.3. Numerical analysis

We now examine the optimal reward structure ðd�1; r�Þ in the
presence of impression management factors. Each of the impres-
sion management factors captured by the function
s = s(r,d1) = s0 � s1r + s2 (1 � d1)�I{r=0} given in (8) will have impact
on the reward structure. Recall from Section 4 that the inductor’s
intrinsic reward is captured by the parameter s0 P 0; the induc-
tor’s concerns about being seen as taking advantage of his friend
are captured by the parameter 0 6 s1 6 1 and the inductee’s suspi-
cion is captured by the additional hurdle rate factor D P 0; and the
inductor’ s ‘‘warm glow,’’ or the positive impression created for
enabling the inductee to obtain a discount (0 < d1 < 1) while refer-
ring without any reward (r = 0), is captured by the parameter s2 > 0.
To examine how these impression management factors affect the
optimal reward structure, we use the same parameter values as
in the base case; namely, we set p = 1.2, c = 0.2, and h0 = 0.4. To iso-
late the effect of each of the impression management factors, we
conduct our numerical examples as follows:

Case 1: The Impact of Intrinsic Reward (s0 > 0).
Using the base model as the benchmark, we examine how the
reward structure changes when we vary the parameter s0 from 0
to 2. To isolate the effects of changing s0, we set s1 = 0, s2 = 0, and
D = 0. Therefore, the optimal reward structure in the presence of
intrinsic reward will reduce to the base case when s0 = 0. Recall
from Theorem 2 that the optimal reward structure for the base
case when the regular price p is sufficiently high can be described
as follows: reward the inductee only when the inductor’s referral
effectiveness is low; reward both when his effectiveness is at a
medium level; and reward the inductor only when his referral
effectiveness is high. Observe from the top left chart in Fig. 4 that
as the intrinsic reward s0 increases, the optimal reward structure
shifts away from rewarding the inductor and shifts towards
‘‘rewarding none’’ when s0 exceeds a certain threshold. Therefore,
unincentivized RRPs (using word of mouth) can be an effective
mechanism for acquiring new customers when the inductors have
high intrinsic rewards for referring the firm’s services to their
friends.

Case 2: The Impact of Negative Impression Effect (s1 > 0 and
D = ks1).
Similarly, using the base model as the benchmark, we examine
how the optimal reward structure changes as the negative impres-
sion effect s1 increases from 0 to 1. To isolate the effects of chang-
ing s1, we set s0 = 0, s2 = 0, and D = ks1 where k = 0.8. The top right
chart in Fig. 4 depicts the optimal reward structure. It is easy to
check that, as the negative impression effect s1 increases, the
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optimal reward structure shifts towards rewarding the inductee
only. For instance, as we increase s1 from 0 to 0.8, the optimal
reward structure shifts toward rewarding the inductee and
rewarding both. Then, as s1 exceeds a certain threshold, say,
(s1 > 0.8), it is optimal for the firm to reward the inductee only.

Case 3: The Impact of Positive Impression Effect (s2 > 0).
Again, using the base model as the benchmark, we examine how
the reward structure changes when we vary the parameter s2 from
0 to 2. To isolate the effects of changing s2, we set s0 = 0, s1 = 0 and
D = 0. Observe from the bottom chart in Fig. 4 that, as the positive
impression effect s2 increases, the optimal reward structure shifted
towards rewarding the inductee only. Specifically, when the posi-
tive impression effect s2 exceeds a certain threshold, it is optimal
for the firm to reward the inductee only.

As these cases show, all three types of impression management
factors affect the optimal design of RRPs and shift optimal reward
structures away from the inductor. It becomes optimal to reward
none and rely on WOM if strong intrinsic benefits exist and a
threshold level of inductor effectiveness is exceeded, and to reward
the inductee only if either high negative impression management
factors or high positive impression management factors are pres-
ent. Rewarding the inductor is never optimal in these cases.
5. Concluding remarks

Although referral reward programs (RRPs) have become ubiqui-
tous, their effectiveness has been examined only by a handful of
experimental (Ryu and Feick, 2007; Tuk et al., 2009; Wirtz and
Chew, 2002) and modeling studies (Biyalogorski et al., 2001;
Kornish and Li, 2010). In this paper, we develop a benchmark mod-
el that explores the optimal reward structure a firm should offer in
equilibrium. We found that the optimal design of a RRP depends on
the regular selling price and the referral effectiveness of the induc-
tor. In particular, when the regular selling price is low, the firm
cannot afford to offer rewards to the inductor and the inductee
without spreading its rewards too thin and rendering them ineffec-
tive. Hence, the firm should not reward both. To reward either the
inductor or the inductee but not both, the firm has to choose the
player who offers the highest return for its reward. Consequently,
it is intuitive to reward the inductor only when his referral effec-
tiveness is sufficiently high. Otherwise, the firm should offer the
incentive to the inductee only. Comparing the firm’s profits under
the optimal RRP and under direct marketing, we found that RRP
dominates direct marketing when the firm’s number of current
customers (i.e., its market penetration) or their referral effective-
ness is sufficiently high.

We extended our model to include impression management
factors that were hitherto unexplored in the modeling literature.
Our analysis revealed that the optimal reward structure shifts from
rewarding the inductor only toward rewarding both, rewarding the
inductee only, and there even exist optimal RRP designs that call
for ‘‘reward none.’’ When the latter happens, the firm should rely
on unincentivised WOM via inductors social network to acquire
new customers.

Our model helped us to formalize our understanding of RRPs,
but it can also serve as a building block for determining optimal re-
ward structure in more general settings. Specifically, our numerical
analysis explored all three impression management factors in iso-
lation for parsimony, but the model can be used to explore optimal
RRP designs of any combination of the impression management
factors.

Our study offers important managerial implications. The find-
ings of our base model can help firms understand (1) when to
use RRPs rather than direct marketing (e.g., when their market
penetration is high, or when their customers are highly satisfied
or delighted), and (2) how to design an optimal RRP (e.g., reward
the inductor, the inductee, both or none). Key variables that deter-
mine the optimal design are the inductor’s referral effectiveness
(increasing effectiveness favors shifting rewards from the inductee
to the inductor), and the regular selling price (increasing the regu-
lar selling price favors rewarding both the inductor and inductee).

Our extended model provides guidelines for firms whose cus-
tomers consider impression management factors as important.
Conditions with high intrinsic rewards in particular are interesting
as they call for reward none once a certain level of inductor referral
effectiveness is exceeded. This means that situations, where induc-
tors’ objective is to be seen as knowledgeable and/or as helpful,
and their referral effectiveness is sufficiently high, do not call for
rewarding any of the parties. Such situations may include high
involvement services which inductors enjoy talking about and
make them appear in a positive light (Arndt, 1967; Dichter,
1966). In contrast, if inductors are concerned about making a
potentially negative impression as being motivated by a reward
and as benefiting from the inductee’s purchase decision, the opti-
mal RRP design shifts with increasing concern from rewarding
the inductor, to rewarding both, and finally, to rewarding the in-
ductee only. Impression management concerns may be most
important in weak to medium-tie relationships, such as acquain-
tances and work colleagues, where single actions like a referral
can shape impressions more strongly (c.f., Ryu and Feick, 2007;
Tuk et al., 2009). This is in contrast to strong tie relationships
(e.g., such as immediate family members who may be unlikely to
shift their impression because of a referral reward as impressions
are quite stable) and very weak ties, where inductors may be much
less concerned about the impression they may create (e.g., in an
anonymous online context).

Future research could be extended to consider the optimal
designing of RRP under competitive markets. Also, it can be inter-
esting to study how a firm can design a menu of RRPs considering
consumers heterogeneity in impression management concerns.
Moreover, as mentioned in Section 3, it would be of interest to de-
velop a 2-period dynamic model for a start-up firm that offers RRP
so that each consumer can decide to be an inductor (i.e., an early
adopter who signs up the firm’s service without referral and then
refers to his friends) or an inductee (i.e., a late adopter who signs
up later and obtains some rewards).
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