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Abstract. Social referral programs, in which individuals recommend products or services
within their networks in return for rewards, have been widely adopted across digital plat-
forms. This study explores the impact of incorporating uncertainty into the rewards of such
programs, focusing on how senders and recipients perceive and react to uncertain rewards.
We run a randomized experiment involving more than 160,000 users of a telecommunica-
tions operator in China and examine the effectiveness of different referral reward schemes.
We find that referral programs are most successful when senders are incentivized with
uncertain rewards and recipients are guaranteed certain rewards. Specifically, introducing
uncertainty in the sender’s reward leads to a 20.9% increase in total referrals with recipients
of these invitations more likely to engage in subsequent referrals and profitable in-app activi-
ties. In contrast, uncertainty in the recipient’s reward results in a 12.3% decrease in total refer-
rals with invited recipients showing a lower propensity to make further referrals and
reduced postreferral engagement. Additional online experiments identify distinct mecha-
nisms driving these asymmetric effects: For senders, the uncertainty alleviates feelings of
guilt, enhancing referral sharing and, thus, increasing the total number of referrals. For reci-
pients, the adverse effects of uncertainty stem primarily from diminished perceptions of fair-
ness and social pressure, and these deter engagement in the referral process. Our study
sheds light on the complex dynamics of reward uncertainty in referral programs, offering
novel insights into how it can be optimized to foster more engaged referral networks.
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1. Introduction

recipient then becomes a new sender and can invite

Social referral programs incentivize individuals to make
and accept recommendations via their social connec-
tions in exchange for rewards, creating a win-win situa-
tion for both the sender and the recipient. The sender
receives rewards for successful referrals, whereas the
recipient gains rewards for accepting the invitation. The

others, creating a virtuous cycle of referrals. Such pro-
grams have gained widespread adoption across digital
platforms as a cost-effective strategy to acquire new cus-
tomers, boost engagement, and harness network effects
(Ghose et al. 2007, Jung et al. 2020, Burtch et al. 2021).
They are also shown to attract high-value users and
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contribute to overall platform growth (Schmitt et al.
2011, Garnefeld et al. 2013, Van den Bulte et al. 2018).

Recently, platforms have begun experimenting with
introducing uncertainty in referral rewards, a strategy
that is not limited to just one context but is implemented
in diverse ways across industries. This approach involves
offering uncertain rewards to the sender, the recipient, or
both with the aim of increasing referrals and boosting
user engagement, often at a lower cost. For instance,
some platforms provide senders and recipients with
uncertain rewards, such as chances to win specific pro-
ducts, redeemable points, cash, or even random stocks or
mystery gifts, thereby creating a game-like experience
that can increase users” willingness to share referrals
(Goldsmith and Amir 2010, Wang et al. 2018, Shen et al.
2019). These uncertainty-driven strategies are common:
investment platforms, for example, have adopted differ-
ent schemes. Webull gives uncertain rewards to senders
(random stock) and certain rewards to recipients ($100
voucher), whereas Robinhood, Public, and Tornado offer
uncertain rewards (random stocks) to both parties. Con-
versely, M1 Finance provides certain rewards ($100) to
both sender and recipient without any uncertainty.'

Despite extensive research on uncertainty across the
fields of economics (e.g., Rabin and Thaler 2001, Gneezy
et al. 2006), psychology (e.g., Gibson and Sanbonmatsu
2004, Hsee and Ruan 2016), marketing (e.g., Goldsmith
and Amir 2010, Ruan et al. 2018), and decision sciences
(e.g., Weber and Chapman 2005, Wakker 2010), little is
known about the behavioral and economic consequences
of incorporating uncertainty into referral reward design.
Specifically, there is no research on how senders and reci-
pients perceive and react to uncertainty in rewards within
a referral context. The complexity arises from the nature of
referrals, in which decisions are shaped not only by indi-
vidual preferences but also by the anticipated reactions
from others. For example, senders not only consider their
own rewards and related uncertainty but also anticipate
the reactions of recipients to the rewards and uncertainty
faced by senders and recipients, leading to a rich interplay
of factors that have not been studied in the literature.

Whereas prior literature generally finds that indivi-
duals are risk-averse, preferring certain over uncertain
rewards of equal expected value (e.g., Gneezy et al.
2006), the referral context introduces additional consid-
erations. Specifically, senders may experience social dis-
comfort or guilt when receiving a reward as a result of
someone else’s actions (Ryu and Feick 2007, Jung et al.
2021), and this can reduce their willingness to share
referrals. Introducing uncertainty may alleviate this dis-
comfort as it can make the referral process feel more like
a game (Shen et al. 2019), shifting the focus from the sen-
der’s extrinsic motivation to the enjoyment of the uncer-
tainty resolution. Thus, the overall effect of uncertain
versus certain rewards on senders’ referral behavior
remains an empirical question.

As for recipients, although previous studies suggest
that people are reluctant to impose uncertainty on
others (Reynolds et al. 2009, Bolton and Ockenfels 2010,
Exley 2016), it is unclear how these findings apply to
social referral contexts, in which mutual benefit and
future reciprocal behaviors are expected. Furthermore,
reward uncertainty between the sender and recipient
might influence perceptions of fairness, a key consider-
ation for both parties in social exchange (Hong et al.
2017).

In this study, we empirically analyze different referral
reward schemes involving uncertainty, providing dee-
per insights into the topic. Specifically, we address the
following questions: How does reward uncertainty for
both the sender and recipient affect the behavior of both
parties involved in referrals? What are the underlying
mechanisms through which reward uncertainty influ-
ences the sender’s and recipient’s decisions throughout
the referral process? What are the effective boundaries
for these effects, such as different kinds of users and
reward sizes?

To answer these questions, we conducted a random-
ized experiment in collaboration with a telecommunica-
tions operator in China, involving more than 160,000
users over two months, to identify the causal effects of
uncertain rewards on social referrals and their underly-
ing mechanisms. We focus on referrals in which both
the sender and recipient receive immediate rewards
upon the recipient’s acceptance. In the first phase, we
implemented a two-by-two between-subjects design in
which both sender and recipient were offered rewards
of equal expected value: either certain (50 points) or
uncertain (500 points with a 10% probability). Users
were randomly assigned to one of the four possible
referral schemes: certain reward for both sender and
recipient (C—C), uncertain reward for both sender and
recipient (U—U), certain reward for sender and uncer-
tain reward for recipient (C—U), or uncertain reward
for sender and certain reward for recipient (U—C). In
the second phase, we extended this design by incorpo-
rating an additional factor—the expected reward size—
at three levels (10, 50, and 500 points), resulting in a two-
by-two-by-three full-factorial design with 12 conditions.

We find that the most effective referral scheme com-
bines uncertain rewards for senders with certain rewards
for recipients. This effect is driven by the joint behavior of
both parties: senders send more invites when (i) they are
incentivized with an uncertain reward and when (ii) the
recipients of their invites are assured with a certain
reward. In turn, recipients are more likely to accept invi-
tations when they face a certain reward conditional on
receiving an invite.

This behavioral asymmetry raises a key question:
Why do senders and recipients, when exposed to the
same uncertainty, respond so differently? Specifically,
why do senders act as risk seekers concerning their own
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reward, adopting a risk-averse stance when it comes to
recipients’ rewards, and why do recipients behave gen-
erally risk averse? To further investigate the underlying
mechanisms driving these behaviors, we conducted two
additional online experiments with 995 participants in
the role of sender and 991 in the role of recipient, replicat-
ing the conditions of the field experiment. We measured
participants’ referral and acceptance intentions along
with psychological constructs, such as guilt, fairness,
curiosity, and social pressure, drawing from the referral
and decision-making literature (Ryu and Feick 2007,
Hong et al. 2017, Hsee and Ruan 2020, Jung et al. 2020).

Results show that the behavioral divergence in res-
ponse to uncertain rewards between senders and recipi-
ents arises from the distinct motivations inherent to
each role instead of their distinctions in risk preferences.
Both groups place a higher value on certain rewards;
however, senders exhibit a reduced willingness to share
invites when their rewards are assured. This reluctance
stems from senders’ discomfort when their invitation
clearly benefits them. Conversely, providing senders
with an uncertain reward diminishes their sense of guilt
and increases their likelihood of sharing. In contrast, the
negative impact of uncertainty in recipients’ rewards is
partly due to a decrease in the recipient’s perceived fair-
ness and social pressure, discouraging them from accept-
ing invitations.

We also examine spillover effects on referral quality.
Our results show that recipients, initially referred under
the U—C (uncertain sender, certain recipient) scheme,
are more likely to refer others and demonstrate stronger
postacceptance engagement, measured via app reten-
tion, login activity, loyalty point redemptions, and
transactions, compared with other reward schemes.
Finally, our heterogeneity analyses shed light on the
effective boundaries of these effects and provide direc-
tions for further optimization. We find that users who
joined the program through referrals show a stronger
response to uncertain rewards compared with those
from organic trafficc. Moderation analyses regarding
reward size suggest that larger rewards amplify the
effects of reward uncertainty. In addition, reward uncer-
tainty plays a stronger role when sharing occurs through
private messages rather than broadcasting posts.

Our research advances the literature and practice in
several ways. First, to our knowledge, we are the first to
analyze the distinct behaviors of senders and recipients
under reward uncertainty in social referrals, clarifying
how uncertainty affects individuals differently based on
their roles. We systematically examine how introducing
uncertainty into referral rewards—varying by reward
size and traffic type—shapes referral behaviors. Using a
field experiment with more than 160,000 users, we find
that sender-side uncertainty increases referral activity,
whereas recipient-side uncertainty reduces acceptance.
These effects depend on contextual factors such as

reward magnitude, traffic source, and sharing channel.
Importantly, sender-side uncertainty not only boosts
referral volume but also attracts more engaged, higher
quality users, supporting long-term platform growth.
Second, we contribute to the literature by revealing the
psychological mechanisms underpinning these effects.
Whereas prior work attributes risk seeking to optimism
or curiosity, we show that, in social contexts, senders
prefer uncertain rewards to reduce guilt when benefit-
ing from others. For recipients, aversion to uncertainty
is driven by lower valuation, fairness concerns, and
social pressure, making them more likely to accept refer-
rals. Our findings also extend fairness theory to the con-
text of asymmetric uncertainty, in which senders and
recipients face different levels of risk. Overall, our study
is the first to demonstrate that reward uncertainty can
be a powerful lever for social referrals not because sen-
ders inherently value risk but because uncertainty acts
as a psychological buffer against guilt—an insight previ-
ously undocumented in the literature.

2. Related Literature

2.1. Social Referral Programs

The literature in information systems and marketing
shows that social referral programs provide strategic and
economic benefits for platforms by capitalizing on parti-
cipants’ social networks and the associated network
effects to attract new customers and boost user engage-
ment (Jung et al. 2020, Sun et al. 2021a). Users acquired
through referrals tend to be more valuable, on average,
with higher contribution margins (Van den Bulte et al.
2018), increased retention rates (Schmitt et al. 2011),
higher engagement (Ferndndez-Loria et al. 2023), and
greater customer lifetime value (Schmitt et al. 2011,
Garnefeld et al. 2013). Some studies on social referral pro-
grams also focus on optimal program design for maxi-
mizing value. These include (i) identifying ideal target
consumers (e.g., Hinz et al. 2011, Adamopoulos et al.
2018), (ii) defining the most effective types of connections
(e.g., Ryu and Feick 2007), (iii) determining optimal tim-
ing for referral link dissemination (e.g., Burtch et al.
2021), (iv) developing viral features that foster social con-
tagion (e.g., Aral and Walker 2011, Belo and Ferreira
2022), (v) optimizing incentive designs and their distribu-
tion between senders and recipients (e.g., Hong et al.
2017, Sun et al. 2021b, Belo and Li 2022), and (vi) identify-
ing the most effective call-to-action messages for referrals
(e.g., Jung et al. 2020). Research shows that equal-split
referral rewards and prosocial message framing tend to
yield the best outcomes across various contexts (Hong
etal. 2017, Jung et al. 2020, Sun et al. 2021b).

2.2. Uncertainty in Rewards
Research across economics and psychology generally
shows a preference among individuals for certain
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rewards over uncertain ones even when their expected
values are the same (Rabin and Thaler 2001, Gneezy et al.
2006). However, exceptions exist, such as in low-stakes
decisions in which individuals may display risk-seeking
behaviors, valuing uncertain rewards more than certain
equivalents (Weber and Chapman 2005, Goldsmith and
Amir 2010). This can be attributed to optimism, by which
individuals focus on the potential for the higher reward,
discounting its likelihood (Goldsmith and Amir 2010), or
curiosity, by which individuals view the resolution of
uncertainty as rewarding in itself (Ruan et al. 2018, Xu
et al. 2020). Optimism bias, a well-documented phenom-
enon in psychology and behavioral economics, influ-
ences both microeconomic and macroeconomic activities
(Sharot 2011), such as repeated decisions to gamble (Gib-
son and Sanbonmatsu 2004). Curiosity results from an
information gap when rewards are uncertain, stimulat-
ing individuals to seek resolution (Loewenstein 1994),
which can lead to positive utility upon resolving uncer-
tainty (Ruan et al. 2018, Shen et al. 2019), especially when
people focus more on the process than the outcomes
(Shen et al. 2015, Hsee and Ruan 2016).

2.3. Uncertainty in Social Referral Rewards
Whereas many platforms incorporate uncertainty in
referral rewards, such as mystery gifts, random discounts,
sweepstakes, games of chance, and instant-win games
(Goldsmith and Amir 2010), the actual effect of uncertain
referral rewards in practice is rarely investigated. Wang
et al. (2018) is the only study we know that examines the
impact of uncertainty in referral rewards, finding that
adding uncertainty to the sender’s reward can increase
share intention. However, their study does not account
for the recipient’s reward uncertainty or its impact on
referral quality. Our study fills this gap by examining the
effects of uncertainty on both the sender’s and the recipi-
ent’s rewards through a large-scale field experiment and
exploring the underlying mechanisms. We also investi-
gate the heterogeneity in the effects of reward uncertainty
across different reward sizes and traffic types.

In social referrals, beyond their own attitudes toward
risk, senders are concerned about their friends” satisfac-
tion with their recommendations (Ames et al. 2004, Kor-
nish and Li 2010) and perceive their actions as altruistic,
expecting the recipients to view it similarly (Wirtz et al.
2013, Jung et al. 2021). Previous research indicates that
the anticipation of monetary rewards for someone else’s
actions might cause senders to feel guilty (Jung et al.
2020). In particular, when claiming referral rewards,
senders anticipate that recipients perceive this referral
as being driven by a desire to get an extrinsic reward
rather than for the intrinsic joy of sharing (Wirtz et al.
2013). This guilt can deter users from making referrals,
thus diminishing the benefits of referral rewards (Ryu
and Feick 2007, Jung et al. 2020). Therefore, an effective
reward scheme should minimize the sender’s

psychological cost of feeling guilty about gaining referral
rewards (Jung et al. 2020, 2021). Introducing uncertainty
into the sender’s referral reward could mitigate this guilt
perception as the uncertainty can make the activity seem
more like a game (Shen et al. 2019). This game-like feature
of uncertainty may shift recipients’ attention from the
sender’s pursuit of extrinsic rewards to the excitement of
the uncertainty resolution, reducing extrinsic motivation
(Silver and Silverman 2022) and enhancing perceptions
of the sender’s altruism and trustworthiness (Capraro
and Kuilder 2016, Jordan et al. 2016). Such perceptions
can be anticipated by senders, thereby alleviating their
psychological burden of guilt. In this study, we run
online experiments to investigate whether uncertainty in
referral rewards can alleviate the sender’s guilt percep-
tion and increase the likelihood of sharing referrals.
Regarding the recipient’s reward, behavioral eco-
nomics shows that individuals often make more conser-
vative choices for others than for themselves (Reynolds
et al. 2009, Bolton and Ockenfels 2010). Several mecha-
nisms have been proposed to explain this phenomenon.
Charness (2000) finds this effect in the context of gift
exchange and identifies “responsibility alleviation” as
the underlying mechanism. When making decisions on
behalf of others, individuals often experience height-
ened concerns about responsibility, leading them to
adopt more cautious and risk-averse choices to reduce
the burden of responsibility (Charness 2000, Charness
and Jackson 2009, Lu et al. 2018). Similarly, Selten (2001)
discusses “blame avoidance,” suggesting that decision
makers prefer safer options to avoid being blamed for
any unfavorable outcomes (Baumeister et al. 2001).
Moreover, research by Exley (2016) indicates that intro-
ducing outcome uncertainty for others can negatively
impact prosocial behaviors. In line with these findings,
transferring uncertainty to recipients in referral pro-
grams might amplify the sender’s perception of guilt,
potentially deterring their willingness to make referrals.
Alleviating the sender’s guilt perception points to an
asymmetric uncertainty arrangement in which senders
face uncertain rewards for successful referrals, whereas
recipients are assured of receiving certain rewards upon
accepting the referral. However, this asymmetric reward
configuration might influence perceptions of fairness for
both the sender and the recipient (Hong et al. 2017, Bas-
sellier and Ramaprasad 2023). Fairness is often perceived
when both parties receive equal rewards, encouraging
more users to make referrals (Hong et al. 2017, Jung et al.
2021). Introducing uncertainty could diminish the per-
ceived fairness because the realized rewards may vary
between senders and recipients. This fairness concern
becomes more prominent in an asymmetric uncertainty
arrangement, in which one party, facing uncertainty,
observes that the other is guaranteed a certain reward.
This situation presents a challenge in balancing the bene-
fits of reduced guilt against the risks of reduced fairness.
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In this study, we further investigate how recipients per-
ceive uncertainty in both senders” and recipients’
rewards and how this perception affects their referral
acceptance decisions.

In sum, there are countervailing forces regarding the
effectiveness of incorporating uncertainty into the rewards
for senders and recipients with no clear consensus on the
optimal reward scheme. Senders and recipients may
exhibit risk-seeking or risk-averse behavior regarding their
reward uncertainty. Meanwhile, reducing the sender’s
guilt perception through asymmetric uncertainty alloca-
tion could compromise the fairness perceived by both par-
ties. Reconciling these differing viewpoints is challenging
without a robust, randomized experimental design. To
address this gap, our work provides an empirical analysis
of different referral reward schemes involving uncertainty,
contributing to a broader understanding and a greater
consensus on this ongoing debate.

3. Field Experiments and Data

Description

3.1. Research Context and Experimental Design
We conducted a large-scale randomized field experi-
ment in partnership with a leading telecommunications
operator in China. We ran the experiment in the com-
pany’s mobile app: a platform that allows users to check
bill details, make payments, install home internet, moni-
tor data usage, and manage subscription plans. To
increase user retention and engagement, the app incor-
porates various gamification features. A notable feature
is a loyalty point system, in which users earn points by
performing certain actions such as daily logins, inviting
new users, participating in promotional activities, mak-
ing bill payments, and adjusting data plans. The points
can be exchanged for goods and services at a rate of
approximately 100 points to one Chinese Renminbi with
redemption options including electronics, toys, house-
hold items, outdoor accessories, jewelry, lottery entries,
and mobile top-up credits. The company aims to encour-
age off-line users to online services and increase activity
among current online users. This strategy involves pro-
moting new services through the app, also reducing
operational costs by diminishing the reliance on tradi-
tional call center support.

Panel (a) of Figure 1 showcases the app’s home page as
it appeared during the experimental period. When users
open the app, they see a prominent banner on the home
page promoting a reward for referring friends. Clicking
this banner opens a pop-up window that directs users to
the referral page as shown in panel (b) of Figure 1. The
referral page customizes the referral message based on
the user’s group information as detailed in Table 1. It also
displays icons of major Chinese social networks—QQ
Zone, WeChat Message, WeChat Moment, and Weibo—
enabling users to share the referral. Clicking an icon

generates a personalized invitation image that includes a
QR code with encrypted referral information, and this
can be shared as a draft post on the chosen platform.
Panel (a) of Figure 2 depicts an example of invitation
image. For instance, choosing the Weibo icon directs
users to a precomposed, unpublished post on Weibo.
The system supports multiple shares, generating unique
QR codes for each instance, and these codes can be
scanned multiple times by different recipients. Upon
accepting an invitation by scanning the QR code, new
users are directed to the app’s referral page as illustrated
in panel (b) of Figure 2. If they have not installed the app,
they are prompted to do so and then register. The app
then displays a customized referral message encouraging
new users to make further referrals and outlines potential
rewards.

We conducted the field experiment from November 5
to December 31, 2021. Participants included any app users
who visited the referral page at least once during this
time frame. Some users encountered the referral page
organically by clicking the in-app banner, whereas others
were directed there through a referral link. We investigate
the effects of reward uncertainty and its variation across
different reward sizes by dividing the experiment into
two periods. Initially, from November 5 to November 30,
we conducted two-by-two between-subjects randomiza-
tion at the user level for both senders and recipients,
maintaining a constant expected reward value (i.e., 50
points for senders and 50 points for recipients).

Upon their first visit to the referral page during the
experiment, all users—including invited recipients—
were randomly assigned to one of four groups: (i) sender
certain reward + recipient certain reward: both the sender
and the recipient received 50 points for each successful
referral; (ii) sender certain reward + recipient uncertain
reward: the sender received 50 points for each successful
referral, whereas the recipient had a 10% chance of receiv-
ing 500 points; (iii) sender uncertain reward + recipient
certain reward: the sender had a 10% chance of receiving
500 points for each successful referral, whereas the recipi-
ent received 50 points; and (iv) sender uncertain reward +
recipient uncertain reward: both the sender and the recip-
ient had a 10% chance of receiving 500 points for each
successful referral. Table 1 outlines the specific referral
messages for senders and the corresponding invitation
messages for recipients in each group.

During the second period, from December 1 to Decem-
ber 31, we explored how varying the reward size influ-
enced user behavior. This period introduced reward
expectations set at 10, 50, and 500 points, expanding the
study into a two-by-two-by-three design. Each original
group from the first period was further segmented into
three, creating 12 distinct experimental groups. We
retained the 10% winning chance for uncertain rewards,
maintaining consistency across the study periods. We uti-
lize user historical data from the app before the
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Figure 1. (Color online) Experimental Context

(a) APP homepage

Navigation Bar

Usage of Current Month

Invite Friends, Get Free Points

APP Services
(Change Plans, 5G Upgrade)

experiment and conduct backward-looking analyses as
randomization checks, demonstrating balanced in-app
behaviors across different groups. Detailed randomiza-
tion checks can be found in Online Appendix B.

A successful referral is determined when a new user
(recipient) follows an invitation link, leading to the first
app login during the study. Rewards are allocated based
on the originating sender’s assigned group with imme-
diate disclosure of any achieved rewards for both par-
ties upon the recipient’s first app entry. Because the
recipient is redirected to the app, the recipient can
immediately see the rewards both the recipient and the
sender have obtained as shown in panel (b) of Figure 2.
For the sender, the app sends a notification and details
the rewards at the next login.

3.2. Data and Summary Statistics
In our experiment, 162,266 valid users participated with
a roughly equal sample size between two experimental

Table 1. Experimental Design

(b) Sender’s referral page upon clicking on
“Join Now”

Background Picture

Click the Icon to Share

B O e

Refer Your Friends

You will get 50 points,
and help your friends get 50 points

periods: 49.2% in the first and 50.8% in the second
period.”> Table 2 provides variable descriptions and
summary statistics; 50.2% of users encountered uncer-
tainty in sender rewards (Sender Uncertainty), and 49.4%
faced uncertainty in recipient rewards (Recipient Uncer-
tainty), indicating well-balanced group sizes. About
10.8% of users shared the program at least once (If
Share), and each user, on average, shared 0.206 times
(Number of Shares); 3.9% of users successfully referred at
least one friend (If Refer). Then, we calculate the number
of referrals directly invited by the focal user (Direct
Referrals), and on average, users made 0.183 direct refer-
rals to the app during the experiment.

We also trace all referrals that were directly or indi-
rectly invited by the focal user (i.e., all descendants of
the focal user in the referral tree) and compute the total
number of referrals (Total Referrals), averaging 0.386
(Total Referrals includes the focal user’s direct referrals,
the direct referrals of recipients, the direct referrals of

Sender uncertainty ~ Recipient uncertainty

Reward messages to senders

Reward messages to recipients

You will get 50 points and help your

You will get 500 points with a 10% chance
and help your friends get 50 points.

No No
friends get 50 points.

No Yes You will get 50 points and help your
friends get 500 points with a 10%
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You will get 500 points with a 10% chance
and help your friends get 500 points
with a 10% chance.

You will get 50 points and help me get 50
points.

You will get 500 points with a 10% chance
and help me get 50 points.

You will get 50 points and help me get
500 points with a 10% chance.

You will get 500 points with a 10% chance
and help me get 500 points with a 10%
chance.
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Figure 2. (Color online) Invitation Message and the Redirected Page After Recipient Accepting Invitation

(a) Sender’s invitation image upon
clicking on any “icon”

Background Picture

Scan the QR Code

QR
Code

On Your First Sign-In

You will get 50 points,
and help me get 50 points

recipients’ recipients, etc.). Finally, we calculate the num-
ber of referrals that have been indirectly invited by the
focal user, which is 0.203 on average (expressed as Indi-
rect Referrals = Total Referrals — Direct Referrals). Indirect
Referrals represents the cumulative number of subse-
quent referrals made by all recipients invited by the focal
user, serving as a proxy for the quality of referrals and
indicating whether invited recipients actively engaged
in referring others. Figure 3 showcases a referral network
and illustrates the computation of key variables. In this
example, users A—C come from organic traffic, whereas
users D-G are acquired through referrals.

We categorize users into two groups: those referred
by others (From Referral) and those who joined organi-
cally. Among all participants, 76.9% joined organically,
whereas 23.1% were referred; that is, 37,414 users were
referred to open the app. As shown in panel B of Table 2,
among these referrals, 55.3% were invited by users fac-
ing uncertainty in their own rewards (Inviter’s Sender
Uncertainty).? This percentage is higher than the remain-
ing 44.7%, who were invited by users facing certainty in
their own rewards, suggesting that uncertain rewards
for senders may encourage more successful referrals.
Upon the recipient accepting the invitation, the reward
uncertainty was resolved for the 55.3% inviters, and in
practice, 5.2% inviters received the large reward (Lucky
Inviter), approximating the 10% threshold in our setting.
Orthogonally, among these referrals, 32.8% were
invited by users who faced uncertain rewards for the
recipient (Inviter’s Recipient Uncertainty), lower than the

(b) Recipient’s referral page upon
scanning the QR code

Background Picture

Your Friend’s
Reward for
Inviting:

Your Reward
for Accepting
the Invitation:

! +50Points : : +50Points i

tEEEEEEEEEEEEEEE AR tasmEEEEEEEEEEEEEE

Click the Icon to Share

B O e

Refer Your Friends

You will get 50 points,
and help your friends
get 500 points with a 10% chance

remaining 67.2%, indicating that users dislike referring
when incorporating uncertainty into the recipient’s
referral reward. Regarding the resolution of uncertain
rewards faced by 32.8% recipients, 2.9% recipients were
fortunate to receive the large reward (Lucky Recipient).

4. Main Results: Effect of Reward

Uncertainty on Referrals

4.1. Model-Free Evidence

We start by presenting model-free evidence of the
impact of reward uncertainty on referrals. We look at
the effects of reward uncertainty on a user’s likelihood
of sharing (If Share?), likelihood of successfully referring
someone (If Refer?), number of shares (Shares), and num-
ber of direct referrals (Direct Referrals). We also take into
account the subsequent referrals made by these recipi-
ents and assess the impact on total referrals (Total Refer-
rals). Figures 4 and 5 depict the effects of uncertainty on
both senders and recipients among the four treatment
groups, pooling users from both experimental periods.*
These figures show that senders faced with uncertainty
in their own rewards are more likely to share and suc-
cessfully refer more friends compared with those with
certain rewards. In contrast, senders facing uncertainty
in their recipients’ rewards are less likely to share and
refer less. These results are confirmed by ¢-tests compar-
ing the referral rates and referral quantities between cer-
tain and uncertain rewards for senders and recipients,
respectively (see Table A4 in Online Appendix C).
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Table 2. Variable Description and Summary Statistics

Variable Description Mean Standard deviation Minimum Maximum
Panel A: All users (N = 162,266)

Sender Uncertainty = 1 if the sender’s reward is uncertain 0.502 0.500 0 1

Recipient Uncertainty = 1 if the recipient’s reward is 0.494 0.500 0 1
uncertain

If Share = 1 if the user shared the program at least 0.108 0.311 0 1
once

Number of Shares The number of shares that the user had 0.206 0.885 0 49
during the experiment

If Refer = 1 if the user invited at least one recipient 0.039 0.194 0 1

Direct Referrals The number of successful referrals directly 0.183 2.131 0 274
invited by the user

Total Referrals All the user’s descendants in the referral 0.386 9.357 0 1,325
tree, including child nodes, grandchild
nodes, etc.

Indirect Referrals The number of referrals who are indirectly 0.203 8.345 0 1,256
invited by the user

From Referral = 1 if the user joined the program via 0.231 0.421 0 1
referral
Panel B: The successful referrals (i.e., users from the referral traffic) (N = 37,414)

Inviter’s Sender Uncertainty =1 if the inviter’s self reward is uncertain 0.553 0.497 0 1

Inviter’s Recipient Uncertainty = 1 if the inviter’s recipient reward is uncertain 0.328 0.470 0 1

Lucky Inviter = 1 if the inviter’s realized reward is large 0.052 0.222 0 1

Lucky Recipient = 1 if the recipient’s realized reward is large 0.029 0.167 0 1

4.2. Empirical Results

To test the effect of reward uncertainty on social refer-
rals, we model the referral outcomes of an individual i
as follows:

Yi = a + B, Sender Uncertainty,
+ B, Recipient Uncertainty,;
+ B,Sender Uncertainty,
X Recipient Uncertainty, + A; + €;, (1)

where Y; denotes the referral outcomes, and we include
two dummy variables, namely, Sender Uncertainty, and
Recipient Uncertainty;, along with their interaction, to
quantify the effects of different uncertain reward
schemes. The parameter A; captures several fixed effects,
including which experimental period the user was in, the
traffic source (referral or organic), and the expected
reward size (10, 50, 500). Whereas, in general, we omit the
coefficients associated with the fixed effects for brevity,
we still report the coefficients associated with the traffic

source (From Referral) to highlight the differences between
users from referral traffic and users from organic traffic.
The error term ¢; reflects the idiosyncraﬁc variation in
potential outcomes that vary across individuals.

Table 3 presents our key findings, using the condition
with certain rewards for both senders and recipients as
the baseline for comparison. Columns (1) and (2) show
the effect on the sender’s sharing behaviors. Compared
with users in the control group (certain reward for sen-
ders and recipients), those with uncertainty about their
own rewards (Sender Uncertainty) show a significant
18.2% increase in the odds of sharing (¢*1¢” — 1 =0.182)
and a 16.7% increase in the number of shares (0.059
additional shares over a baseline of 0.354 shares). Con-
versely, compared with users in the baseline group, users
facing uncertain reward for recipients (Recipient Uncer-
tainty) experience a significant 12.3% decrease in the
odds of sharing (e B! -1=-0.123) and a 51%
decrease in the number of shares (0.018 fewer shares over
a baseline of 0.354 shares). Columns (3) and (4)

Figure 3. A Demo of the Referral Network and Variable Calculation
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Figure 4. (Color online) Model-Free Evidence: Impact of Reward Uncertainty on Likelihood of Sharing and Successful Referrals
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demonstrate the impact of reward uncertainty on refer-
rals. Sender Uncertainty significantly heightens the odds
of successfully referring others by 66.7% (e —1=
0.667) and insignificantly increases the number of direct
referrals by 1.2% (0.007 additional referrals over a base-
line of 0.583),” whereas Recipient Uncertainty significantly
diminishes the odds of successfully referring others by
37.3% (e704% —1=—0.373) and the number of direct
referrals by 18.2% (0.106 fewer referrals over a baseline of
0.583). In columns (5) and (6), incorporating recipients’
further referrals, we explore the effect of reward uncer-
tainty on total referrals and indirect referrals. Sender
Uncertainty substantially amplifies the number of total
referrals by 20.9% (0.253 additional total referrals over a
baseline of 1.210) and the number of indirect referrals by
39.2% (0.246 additional indirect referrals over a baseline
of 0.628). Conversely, Recipient Uncertainty significantly
decreases total referrals by 12.3% (0.149 fewer total refer-
rals over a baseline of 1.210) and indirect referrals by an
insignificant 6.8% (0.043 fewer indirect referrals over a
baseline of 0.628).

We further examine the differences between other con-
ditions in Table 3. U—U — C—C shows that compared
with the baseline condition, introducing uncertainty for
both senders and recipients produces mixed outcomes: it
increases the number of shares (0.011, p = 0.065) and
the likelihood of successfully referring others (0.188,
p < 0.001) and decreases Direct Referrals (—0.062,

Sender: Certain Sender: Uncertain

p < 0.001) and Total Referrals (—0.145, p = 0.026). U—U -
C—U indicates that, when the recipient’s reward is
uncertain, introducing uncertainty into the sender’s
reward yields benefits for immediate actions, such as the
likelihood of sharing (0.129, p < 0.001), the number of
shares (0.029, p < 0.001), the likelihood of successful
referral (0.654, p < 0.001), and Direct Referrals (0.044, p =
0.003), but these benefits do not extend to Total Referrals
(0.003, p = 0.961) or Indirect Referrals (—0.040, p = 0.494).
Conversely, U—U - U—C shows that, when the sender’s
reward is uncertain, adding uncertainty to the recipient’s
reward has consistently negative effects on all the sharing
and referral indicators. Finally, when comparing the most
effective reward scheme (U—C) to the least effective
scheme (C—U), we find that the former significantly out-
performs the latter across all measures of sharing and
referral behavior.

4.3. Robustness

We conduct several robustness checks to ensure the reli-
ability of our results. We show that our results are
robust to different model specifications. First, we use
the Heckman selection model to incorporate the share
decision into the estimation of their subsequent referral
behaviors (Lee et al. 2021). Second, given that multiple
referral outcomes are countable variables (i.e., Shares,
Direct Referrals, Total Referrals, Indirect Referrals) and
exhibit overdispersion, we take a log transform to

Figure 5. (Color online) Model-Free Evidence: Impact of Reward Uncertainty on Number of Shares and Successful Referrals
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Table 3. Effect of Reward Uncertainty on the Referrals

0]

@

®)

4)

©)

(6)

Direct Total Indirect
If Share Number of If Refer Referrals Referrals Referrals
(Logit) Shares (OLS) (Logit) (OLS) (OLS) (OLS)
Sender Uncertainty 0.167*** 0.059*** 0.511%* 0.007 0.253*** 0.246%**
(0.02) (0.01) (0.04) (0.01) (0.07) (0.06)
Recipient Uncertainty —0.131*** —0.018** —0.466*** —0.106*** —0.149% —0.043
(0.02) (0.01) (0.04) (0.01) (0.07) (0.06)
Sender Uncertainty X Recipient Uncertainty —0.039 —0.029%** 0.143* 0.037* —0.249** —0.286***
(0.03) (0.01) (0.06) (0.02) (0.09) (0.08)
From Referral 0.727** 0.201*** 1.509*** 0.276*** 0.651*** 0.375%**
(0.02) (0.01) (0.04) (0.02) (0.08) (0.07)
Constant —2.115%** 0.354*** —3.366*** 0.583*** 1.210%** 0.628***
(0.04) (0.01) (0.07) (0.02) (0.10) (0.09)
Experimental period fixed effect Yes Yes Yes Yes Yes Yes
Reward size fixed effect Yes Yes Yes Yes Yes Yes
Observations 162,266 162,266 162,266 162,266 162,266 162,266
R?/pseudo R? 0.091 0.053 0.213 0.021 0.006 0.002
U—-U-C=C —0.002 0.011* 0.188*** —0.062*** —0.145* —0.083
p-value 0.922 0.065 <0.001 <0.001 0.026 0.154
U-U-C->U 0.129*** 0.029*** 0.654*** 0.044** 0.003 —0.040
p-value <0.001 <0.001 <0.001 0.003 0.961 0.494
U—-U-U-C —0.170*** —0.048*** —0.323*** —0.069*** —0.398*** —0.329***
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
U—-C-C->U 0.298*** 0.077*** 0.977*** 0.113*** 0.401*** 0.289***
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Notes. Standard errors in parentheses. C—C, certain sender, certain recipient; C—U, certain sender, uncertain recipient. U—C, uncertain sender,

certain recipient; U—U, uncertain sender, uncertain recipient.
*p <0.10; *p < 0.05; **p < 0.01; ***p < 0.001.

mitigate the overdispersion and skewness. We also
incorporate the overdispersion into the model estima-
tion and use the negative binomial model for countable
variables as well as the linear probability model for
dummy variables (i.e., If Share, If Refer). Third, we imple-
ment winsorization to ensure that our results are not
influenced by outliers. Specifically, we winsorize users
whose referrals fall outside of three standard deviations,
and we consistently observe similar results. Fourth, we
account for the potential carryover effect from users par-
ticipating in both experimental periods by conducting
analyses that exclude such users. Fifth, we employ an
alternative measure for referrals, encompassing all reci-
pients who have accepted invitations, even those who
may have already been referred by other users. This
approach provides assurance that the results are not
limited by a single measure. Overall, the findings are
consistent across all robustness checks. For a detailed
description of the robustness checks, please refer to
Online Appendix D.

4.4. Heterogeneity Analyses

Gaining insight into the conditions under which positive
effects can be amplified offers valuable guidance for
platform practitioners seeking to optimize uncertain
referral design. Specifically, we examine how the results
vary by reward size, sharing channel, and traffic type in
Online Appendix E, demonstrating robustness across

different conditions and delineating the effective bound-
aries of our findings, thereby offering insights for further
optimizing the reward scheme. First, the moderating
effect of reward size, detailed in Online Table A13, indi-
cates that the positive effect of the U—C reward scheme
becomes more pronounced as the reward size increases.
Second, Online Table A14 shows that the positive effect
of the U—C reward on referrals is stronger in private
sharing channels (e.g., WeChat messages) than in public
broadcasting channels (e.g., Weibo posts). Third, we
explore how reward uncertainty affects referral beha-
viors differently between users from referral and organic
traffic. As shown in Online Table A15, users from refer-
ral traffic experience a more positive effect from sender
uncertainty and a more pronounced negative effect from
recipient uncertainty. This implies that the U—C reward
scheme is more effective for users acquired through
referrals than for those from organic traffic.

5. Effect of Reward Uncertainty on
Referral Quality

Upon accepting the invitation, the recipient transitions
into a new sender and can invite others, thus fostering a
positive cycle of referrals. We investigate the nuanced
dynamics between users originating from organic traffic
and those from referrals. We find that the act of referring
perpetuates itself: recipients who were themselves
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referred are more likely to invite others. For example, an
invited recipient generates an average of 0.659 referrals,
a substantial increase compared with the average of 0.04
referrals by organic users. The sustained referral net-
work, as illustrated in Table A16 of Online Appendix F,
extends beyond mere sharing, fostering a continuous
cycle of invitations and subsequent referrals. In contrast
to organic traffic, in which user engagement is sponta-
neous, recipients of referrals are selectively chosen by
the senders, who are likely to identify an audience
receptive to the referral program. The recipient’s self-
selection in accepting the referral invitation filters out
disinterested individuals, leaving a pool of users inher-
ently more engaged with the referral program and, con-
sequently, more likely to refer others (Schmitt et al.
2011). Furthermore, upon accepting the invitation, reci-
pients are redirected to the referral page displaying the
rewards earned by both parties, potentially encouraging
them to initiate subsequent referrals.

5.1. Spillover Effect on the Invited Recipient’s
Further Referrals

To further explore the dynamics of referral networks and
the cascading impact of reward schemes, we examine
how reward uncertainty experienced by inviters spills
over to their invited recipients. Specifically, we investi-
gate how an inviter’s reward scheme influences recipi-
ents’ decisions to refer additional people. The findings in
column (6) of Table 3 show that reward uncertainty
affects indirect referrals, indicating that it influences the
invited recipients’ subsequent referrals. However, be-
cause Indirect Referrals is an aggregate measure that
includes not only the number of subsequent referrals gen-
erated by each recipient but also the number of recipients
invited by the sender, it does not isolate the effect on indi-
vidual behavior. To address this, we focus on each invited
recipient’s own referral actions, allowing us to assess how
the inviter’s reward scheme shapes the recipient’s deci-
sion to refer others. Thus, we model the determinants of
an invited recipient’s subsequent referral behaviors,
denoted as Y as follows:

Y; = a+ p,Sender Uncertainty; + B, Recipient Uncertainty;

+ B, Sender Uncertainty, X Recipient Uncertainty,
+ ¢, Inviter’s Sender Uncertainty;

+ ¢, Inviter’s Recipient Uncertainty,

+ ¢, Inviter’s SenderUncertainty,

X Inviter’s Recipient Uncertainty,

+ ¢, Lucky Sender; + ¢sLucky Recipient;

+A;+0;, )

where Y; represents the measures of the invited recipi-
ent’s subsequent referral behaviors (i.e., If Share, Number

of Shares, If Refer, Direct Referrals, Total Referrals, and Indi-
rect Referrals). In addition to a recipient j's own reward
scheme as the role of a new sender, which comprises
Sender Uncertainty; and Recipient Uncertainty;, we also
investigate the impact of recipient j’s inviter's reward
scheme, denoted as Inviter's Sender Uncertainty; and
Inviter's Recipient Uncertainty,. Additionally, we consider
how the resolution of uncertain rewards upon accep-
tance, represented by Lucky Sender; and Lucky Recipient;,
impacts these behaviors further.

Table 4 presents the results of 37,414 invited recipi-
ents. The positive impact of Sender Uncertainty and the
negative impact of Recipient Uncertainty validate our
findings within the subsample of invited recipients,
affirming the consistency of our results. Results support
that reward uncertainty from the inviter influences reci-
pients’ referral decisions. Specifically, compared with
users with certainty in their own rewards, users facing
uncertainty in their own rewards (Inviter’s Sender Uncer-
tainty) tend to invite recipients who generate more
follow-up referrals. Conversely, when comparing users
with uncertain recipient rewards to those with certain
recipient rewards (Inviter’s Recipient Uncertainty), the
former tend to invite recipients with less likelihood to
further refer (—0.216, p < 0.001) and insignificantly
fewer follow-up referrals.

We also find significantly negative interactions bet-
ween Inviter’s Sender Uncertainty and Inviter’s Recipient
Uncertainty, which means that incorporating uncertain
reward for recipients has a significantly more negative
impact on subsequent referrals when the inviter’s
sender reward is uncertain compared with when the
inviter’s reward is certain. Such results are also demon-
strated by the significant difference between inviter’s
U—U and inviter’'s U—C. Meanwhile, the resolution of
reward uncertainty has a significant impact on recipi-
ents” further referral behaviors. Lucky outcomes for
both the sender’s (Lucky Sender) and the recipient’s
(Lucky Recipient) rewards positively impact the recipi-
ent’s decision to make further shares and direct refer-
rals. However, this impact is not significant when
considering the total referrals and indirect referrals
made by recipients. In other words, whereas lucky
rewards encourage immediate shares and direct refer-
rals, their effect does not extend to the broader network
of referrals that happen indirectly through recipients.

Two possible mechanisms might explain how reward
uncertainties spill over and influence the subsequent
referrals made by the invited recipients. From the sen-
der’s perspective, the way senders target recipients
might explain how reward uncertainty affects the refer-
ral network. Senders benefiting from a desirable reward
scheme may choose recipients who are more likely to
appreciate the app and, thus, are more likely to refer it
to others. Considering that feeling guilty can deter peo-
ple from making online referrals, those who feel less
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Table 4. Effect of Reward Uncertainty on the Invited Recipient’s Further Referrals

0]

@

®) 4) ©) (6)

Direct Total Indirect
If Share Number of If Refer Referrals Referrals Referrals
(Logit) Shares (OLS) (Logit) (OLS) (OLS) (OLS)
Sender Uncertainty 0.240%** 0.152%** 0.498*** —0.032 0.865** 0.897***
(0.03) (0.02) (0.04) (0.06) (0.27) (0.24)
Recipient Uncertainty —0.166*** —0.068** —0.367*** —0.379*** —0.549" —-0.170
(0.04) (0.02) (0.05) (0.06) (0.28) (0.25)
Sender Uncertainty X Recipient Uncertainty —0.028 —0.058* 0.102 0.181* —0.905* —1.085**
(0.05) (0.03) (0.07) (0.08) (0.39) (0.35)
Inviter’s Sender Uncertainty 0.539%** 0.243%** 0.725%* 0.603*** 1.450%** 0.847%**
(0.03) (0.02) (0.04) (0.05) (0.25) 0.22)
Inviter’s Recipient Uncertainty —0.006 —0.010 —0.216*** —-0.019 0.260 0.278
(0.04) (0.02) (0.06) (0.07) (0.32) (0.29)
Inviter’s Sender Uncertainty X Inviter’s —0.485%** —0.207%** —0.503*** —0.675%** —1.973%* —1.298%**
Recipient Uncertainty (0.05) (0.03) (0.07) (0.09) (0.42) (0.38)
Lucky Sender 0.119* 0.091** 0.210*** 0.263** 0.110 —0.153
(0.05) (0.03) (0.06) (0.10) (0.45) (0.41)
Lucky Recipient 0.330*** 0.120** 0.519*** 0.138 —0.045 —0.183
(0.07) (0.05) (0.09) (0.13) (0.61) (0.54)
Constant —2.187%** 0.2927** 0.040 1.545%** 3.019*** 1.474**
(0.09) (0.05) (0.09) (0.13) (0.62) (0.55)
Experiment period fixed effect Yes Yes Yes Yes Yes Yes
Reward size fixed effect Yes Yes Yes Yes Yes Yes
Observations 37,414 37,414 37,414 37414 37,414 37,414
R?/pseudo R? 0.020 0.015 0.083 0.012 0.004 0.002
Inviter’'s U—U - Inviter’'s C—C 0.048 0.026 0.005 —0.091 —0.264 —0.173
p-value 0.216 0.238 0.918 0.161 0.378 0.519
Inviter’'s U—U - Inviter's C—U 0.054 0.036 0.2217*** —0.072 —0.523 —0.451
p-value 0.227 0.164 0.001 0.339 0.133 0.148
Inviter’s U—U — Inviter's U—C —0.491%** —0.217%** —0.719*** —0.694*** —1.714%* —1.020%**
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Inviter’'s U—C — Inviter's C—U 0.546*** 0.253*** 0.9417*** 0.6227*** 1.190%** 0.569%
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.042

Notes. Standard errors in parentheses. C—C, certain sender, certain recipient; C—U, certain sender, uncertain recipient. U—C, uncertain sender,

certain recipient; U—U, uncertain sender, uncertain recipient.
*p < 0.10; *p < 0.05; **p < 0.01; **p < 0.001.

burdened by this guilt might engage in more effective
advocacy. This could manifest in a more thoughtful
selection of potential app users among their peers,
greater effort in explaining the app’s benefits, or a com-
bination of both (Jung et al. 2020). From the recipient’s
perspective, the reward scheme in the invitation mes-
sage could also impact their willingness to refer others.
As senders who invite others despite uncertain out-
comes for themselves are seen as altruistic and trustwor-
thy (Capraro and Kuilder 2016, Jordan et al. 2016),
recipients may perceive their invitations as driven by a
genuine attempt to share something of value rather than
a mere self-interested action. As a result, recipients
might be more likely to share the app with others, recip-
rocating the original sender’s intent.

5.2. Effect on the Value Generation of Both
Senders and Recipients

To further assess the broader impact of the U—C

reward scheme, we examine its effects on value genera-

tion for both senders and recipients. We collected their

log-in stamps and in-app activities throughout the
experimental period. In our context, users can purchase
goods and services within the app by either fully
redeeming loyalty points or partially paying with loy-
alty points and covering the remainder with monetary
payment. To capture consumption behavior, we
retrieved three key metrics for each user: the total
amount of loyalty points redeemed, the number of
transactions completed, and the number of unique pro-
ducts purchased during the experimental period.

On the sender side, columns (1) and (2) of Table 5
indicate that users randomly assigned to the U—C
scheme demonstrate higher retention rates and longer
participation periods. This sustained engagement is
likely influenced by the app’s push notifications, which
inform users of referral rewards earned after each suc-
cessful referral. The U—C scheme motivates senders to
generate more referrals, resulting in more frequent noti-
fications and a greater likelihood of reengaging with the
app to track their rewards. Additionally, as senders
redeem their accumulated loyalty points, the increase in
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Table 5. Effect of Referral Reward Uncertainty on User Engagement
) () ®) 4) ©®)
Retention Participation Points Number of Purchased
(logit) days redemption transactions products
Sender Uncertainty 0.120%** 0.076*** 39.347** 0.352%** 0.169***
(0.03) (0.02) (3.96) (0.02) (0.01)
Recipient Uncertainty —0.012 —0.038* —18.164*** —0.177%** —0.115%**
(0.03) (0.02) (3.99) (0.02) (0.01)
Sender Uncertainty x Recipient Uncertainty —0.044 —-0.012 2.119 —0.013 0.021*
(0.04) (0.02) (5.63) (0.02) (0.01)
From Referral 1.233%** 1.084*** 30.680*** 1.002%** 0.497**
(0.03) (0.02) (4.74) (0.02) (0.01)
Constant —3.669*** 0.076%* 289.728*** 1.614%** 0.812%*
(0.04) (0.03) (6.32) (0.02) (0.01)
Experiment period fixed effect Yes Yes Yes Yes Yes
Reward size fixed effect Yes Yes Yes Yes Yes
N 162,266 162,266 162,266 162,266 162,266
R?/pseudo R? 0.034 0.025 0.003 0.064 0.091

Note. Standard errors in parentheses.
*p <0.10; *p < 0.05; **p < 0.01; ***p < 0.001.

referrals translates to more profitable activities—
including higher rates of point redemption, more trans-
actions, and greater product purchases—as shown in
columns (3)—(5).

On the recipient side, we conducted two analyses to
assess whether invited recipients—particularly under the
U—C scheme—generate greater value. First, we com-
pared the user engagement between organic users and
invited recipients in Table A17 of Online Appendix F. As

invited recipients generate more referrals, we found this
increase spills over into greater postacceptance engage-
ment: invited recipients exhibit significantly higher reten-
tion, longer participation, and more in-app purchases
than organic users.” These patterns underscore the added
value of acquiring users through referrals.

Second, we conducted further analyses to compare
in-app activities among recipients acquired by different
reward schemes as shown in Table 6. The results

Table 6. Effect of Referral Reward Uncertainty on Invited Recipient’s Subsequent Engagement

M

) 3) (4) ©®)

Retention Participation Points Number of Purchased

(logit) days redemption transactions products

Sender Uncertainty 0.118** 0.137*** 54.634*** 0.470%** 0.192%**
(0.04) (0.04) (4.32) (0.03) (0.02)

Recipient Uncertainty —0.063 —0.117** —26.468*** —0.238*** —0.150***
(0.05) (0.04) (4.44) (0.03) (0.02)

Sender Uncertainty x Recipient Uncertainty —0.024 0.041 -0.714 —0.027 0.039*

(0.06) (0.05) (6.22) (0.05) (0.02)

Inviter’s Sender Uncertainty 0.119** 0.058" 117.832%** 0.991% 0.516%**
(0.04) (0.03) (3.88) (0.03) (0.01)

Inviter’s Recipient Uncertainty —0.086 —0.086* —33.503*** —0.222%%* —0.113***
(0.05) (0.04) (5.04) (0.04) (0.02)

Inviter’s Sender Uncertainty X —0.338*** —0.156** —18.455** —0.185%** —0.122%**
Inviter’s Recipient Uncertainty (0.07) (0.06) (6.67) (0.05) (0.02)

Lucky Sender 0.338*** 0.243%*** 111.350*** 1.004*** 0.501%**
(0.07) (0.06) (7.17) (0.06) (0.03)

Lucky Recipient 0.691*** 0.434%** 254.550%** 1.913** 0.915%**
(0.09) (0.08) (9.59) (0.07) (0.04)

Constant 0.646*** 9.129*** 249.044*** 2.016*** 1.038***
(0.08) (0.08) (9.75) (0.08) (0.04)
Experiment period fixed effect Yes Yes Yes Yes Yes
Reward size fixed effect Yes Yes Yes Yes Yes

N 37,414 37,414 37,414 37,414 37,414

R?/pseudo R? 0.106 0.323 0.085 0.097 0.106

Note. Standard errors in parentheses.
*p <0.10; *p < 0.05; *p < 0.01; ***p < 0.001.
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collectively show that Inviter’s Sender Uncertainty posi-
tively influences, whereas Inviter’s Recipient Uncertainty
negatively influences, recipients’ postacceptance engage-
ment. Recipients acquired through the U—C scheme
demonstrate significantly higher engagement and com-
mercial value than those invited under alternative reward
structures. On average, recipients invited via the U—C
scheme exhibit approximately a 50% increase in spending
behaviors—for example, redeeming 117.832 more points
over a baseline of 249.044. The U—C design not only
increases the volume of successful referrals but also
attracts high-value users who actively engage in both cas-
cade referrals and revenue-generating activities, thereby
fostering a vibrant ecosystem with sustained user growth
and long-term value creation.

We further conducted a back-of-the-envelope calcula-
tion to approximate the annual revenue generated by
invited recipients from a revenue—cost perspective as
detailed in Online Appendix F.2. In summary, (i) each
new customer brings approximately $75 in annual reve-
nue; (ii) for existing off-line users transitioning to the
mobile app via referrals, the digital shift yields about
$31 in annual revenue and reduces call center costs by
about $1 per user per year. Given the higher engage-
ment levels observed under the U—C scheme, these are
likely conservative estimates. Nonetheless, the results
underscore the significant value that increased
referrals—especially under the U—C condition—can
create for the company.

6. Mechanism Explorations

In this section, we explore the underlying mechanisms
through which reward uncertainty impacts social refer-
rals. Senders and recipients may evaluate uncertain
rewards differently: as more attractive because of opti-
mism bias (Weber and Chapman 2005, Goldsmith and
Amir 2010) or less desirable because of risk aversion
(Rabin and Thaler 2001, Gneezy et al. 2006). They may
also consider feelings of guilt or fairness regarding the
other party’s reward or anticipate how the other party
perceives the party’s own rewards (Hong et al. 2017,
Jung et al. 2020). Because successful referrals require
mutual agreement between sender and recipient, we
conducted two follow-up online experiments to exam-
ine how reward uncertainty impacts the sender’s deci-
sions to share and the recipient’s decision to accept.

6.1. How Does Reward Uncertainty Affect a
Sender’s Sharing Decision?

We start by examining how reward uncertainty impacts
the sender’s decision to share. As shown in column (1)
of Table 3, our main results from the field experiment
show that the sender’s likelihood of sharing increases
under Sender Uncertainty but decreases with Recipient
Uncertainty. To further investigate the mechanisms

behind these differing intentions, we conducted a
follow-up experiment with 995 participants randomly
assigned to one of four groups, mirroring the experi-
mental conditions in the field experiment. After viewing
their assigned referral messages, participants reported
their intentions to share and explained their reasoning.
Online Appendix G provides details of the experimental
design and measured constructs.

Table 7 reveals that guilt perception mediates the
effects of reward uncertainty on sharing intentions. Col-
umn (1) replicates the field experiment findings: sender
uncertainty increases whereas recipient uncertainty
decreases the likelihood of sharing. Columns (2) and (4)
show that sender’s guilt perception significantly hinders
sharing intention (—0.196, p < 0.001), and sender uncer-
tainty significantly reduces guilt perception (—0.805,
p < 0.001), resulting in a higher share intention (—0.196
X —0.805 = 0.157, p < 0.001).” On the other hand, recipi-
ent uncertainty increases the sender’s guilt perception
(1.340, p < 0.001), leading to lower share intention
(—0.196 x 1.340 = —0.262, p < 0.001).

Fairness perceptions also mediate the effect of reward
uncertainty on the sender’s intention to share. A higher
perceived level of fairness significantly increases share
intention (0.152, p < 0.001). Column (3) indicates that
introducing uncertainty on one side, particularly on the
recipient’s side, significantly reduces perceived fairness
(—0.465, p < 0.01), whereas introducing uncertainty on
both sides helps mitigate this effect (0.482, p < 0.05).
The mediation analysis confirms that the reduced fair-
ness perception caused by recipient-side uncertainty

Table 7. Mediation Effect of Guilt and Fairness Perceptions
on Sender’s Share Intention

1) 2 3 4
Share Share
intention Guilt Fairness intention

Sender Uncertainty 0.273**  —0.805** —0.238" 0.228**
(0.09) 0.12) (0.14) (0.09)
—0.981**  1.340"* —0.465** —0.593***
(0.09) 0.12) (0.14) (0.09)
Sender Uncertainty X 0.132 0.091 0.482* 0.038
Recipient Uncertainty  (0.13) 0.17) (0.20) (0.12)

Recipient Uncertainty

Guilt —0.196%**
(0.02)

Fairness 0.152%**
(0.02)

Constant 5.828%**  2.982%*  4950%** 4,618
(0.33) (0.44) (0.52) (0.34)
Other mediators No No No Yes
Covariates Yes Yes Yes Yes
N 995 995 995 995
R? 0.202 0.261 0.017 0.353

Notes. For brevity, coefficients for mediators other than guilt and
fairness are omitted from column (4). For the full set of coefficients,
please refer to column (5) of Table A25 in Online Appendix G.
Standard errors in parentheses.

*p <0.10; *p < 0.05; **p < 0.01; ***p < 0.001.
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leads to a significant reduction in share intention (0.152
x —0465 = —0.071, p < 0.01). In contrast, although
sender-side uncertainty marginally reduces fairness
perception (—0.238, p < 0.1), the resulting indirect effect
on share intention is not statistically significant (0.152 x
—0.238 = —0.036, n.s.).

We also explore alternative mechanisms that might
explain the impact of reward uncertainty on the sen-
der’s share intention. Specifically, we investigate the
sender’s risk preferences related to both the sender’s
own rewards and those of the recipient as detailed in
Table A25 of Online Appendix G. Our findings reveal
that senders are generally risk averse, perceiving uncer-
tain rewards as less valuable than certain rewards with
the same expected value. This risk aversion applies to
both self- and other-directed rewards. Although prior lit-
erature suggests that people may engage in risk-seeking
behavior because of optimism bias, that is, overestimat-
ing favorable outcomes (Gibson and Sanbonmatsu
2004), our findings do not support this mechanism in the
context of social referrals. Specifically, the lower per-
ceived value of uncertain rewards indicates that opti-
mism does not drive the increased share intention
observed under sender-side uncertainty.

Furthermore, we investigate whether curiosity plays
a role in mediating the effect of reward uncertainty.
Prior studies suggest that uncertainty can provoke curi-
osity, potentially leading to positive utility once the
uncertainty is resolved (Ruan et al. 2018, Shen et al.
2019). Whereas our results show that reward uncer-
tainty indeed evokes curiosity, the increase in curiosity
does not significantly explain their variation in sharing
intentions. Thus, curiosity does not function as a valid
mediating mechanism in this context.

In sum, our experimental evidence shows that sen-
ders are more likely to share when their own rewards
are uncertain, not because they value uncertainty, are
more optimistic, or driven by curiosity, but because
they feel less guilt. In contrast, when the recipient’s
reward is uncertain, senders report greater guilt and
lower perceptions of fairness, and these together reduce
their willingness to share.

6.2. How Does Reward Uncertainty Affect
Recipients’ Acceptance Decision?

To better understand recipients’ decision-making pro-
cess and to rule out concerns regarding sender selection
bias, we conducted a second online experiment. This
study examined how recipients respond to invitation
messages under different reward schemes. Following
the design of our field experiment, participants were
randomly assigned to one of four treatment groups,
each receiving an invitation message consistent with the
conditions described in Table 1. In addition to the 2 x 2
reward design, we varied the referral channel (private
message versus public post) and the inviter’s social

power (high versus low) to explore how these contex-
tual factors influence recipient responses. After viewing
the invitation, participants rated their likelihood of
accepting it and explained their reasoning. More details
on the experiment can be found in Online Appendix H.

Prior research suggests that fairness perception plays
a pivotal role in shaping responses to referral invitations
(Hong et al. 2017). Moreover, receiving an invitation
from a friend can induce social pressure, aligning with
theories of social conformity (Asch 1955, Bond and Smith
1996). Specific reward schemes can amplify this pressure
and increase recipients’ willingness to comply (Bern-
heim 1994, Sun et al. 2021a). Given these insights, we
also explore how social pressure mediates the impact of
reward uncertainty on recipient’s acceptance decisions.

Table 8 reports our key results. In column (1), we find
that recipient uncertainty significantly reduces recipi-
ents’ intention to accept the invitation, whereas sender
uncertainty has no significant effect. Additionally, invi-
tations sent through a public channel are less likely to be
accepted compared with those sent via private mes-
sages (—0.308, p < 0.001), whereas invitations from sen-
ders with high social power significantly increase
acceptance rates (0.230,p < 0.01).

To better understand why recipient uncertainty dis-
courages acceptance, we analyze recipients’ attitudes

Table 8. Mediation Tests of Fairness and Social Pressure
on Recipient’s Intention to Accept the Invitation

M @ ®) *)

Accept Social Accept
intention Fairness pressure intention
Inviter’s Sender 0.062 —0.103 0.298* 0.033
Uncertainty 0.11) (0.13) (0.13) (0.11)
Inviter’s Recipient —0.290**  —0.677** —0.525*** —0.145
Uncertainty 0.11) (0.13) (0.13) (0.11)
Inviter’s Sender 0.108 0.074 —0.108 0.132
Uncertainty (0.15) (0.18) (0.18) (0.15)

x Inviter’s Recipient
Uncertainty
Public channel —0.308**  0.156"  —0.212* = —0.297***

(0.08) (0.09) (0.09) (0.08)

High social power 0.230**  0.031 0.181* 0.190*
(0.08) (0.09) (0.09) (0.08)
Fairness 0.097***
(0.03)
Social pressure 0.126***
(0.03)
Constant 3.690%*  4.421**  4.280%**  1.628%*
(0.31) (0.37) (0.36) (0.43)
Other mediators No No No Yes
Covariates Yes Yes Yes Yes
Observations 991 991 991 991
R? 0.050 0.055 0.060 0.105

Notes. For brevity, coefficients for mediators other than guilt and
fairness are omitted from column (4). For the full set of coefficients,
please refer to column (5) of Table A32 in Online Appendix H.
Standard errors in parentheses.

*p <0.10; *p < 0.05; **p < 0.01; **p < 0.001.
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after viewing the invitation. Two mechanisms emerge as
significant: fairness perception and social pressure. Fair-
ness perception positively influences acceptance (0.097,
p < 0.001). However, recipient uncertainty significantly
diminishes fairness perception (—0.677, p < 0.001), lead-
ing to a negative indirect effect on acceptance (—0.677 X
0.097 = —0.066, p < 0.01).

Meanwhile, social pressure also significantly promotes
acceptance (0.126, p < 0.001). When recipients perceive
uncertainty about their own rewards, their perceived
social pressure drops (—0.525, p < 0.001), producing a
similar negative indirect effect on acceptance (—0.525 X
0.126 = —0.066, p < 0.001). Interestingly, sender-side
uncertainty has the opposite effect: it increases the recipi-
ent’s perceived pressure to conform (0.298, p < 0.05),
resulting in a positive indirect effect on acceptance (0.298
x 0.126 = 0.038, p < 0.05). One plausible explanation is
that, when the invitation clearly benefits the recipient but
not the sender, it may be interpreted as a selfless gesture,
intensifying the social obligation to reciprocate by
accepting.

We also investigate alternative mechanisms that
might clarify how reward uncertainty influences the
recipient’s willingness to accept an invitation, including
the recipient’s risk preferences and the potential curios-
ity induced by uncertainty. We report detailed analyses
in Table A32 of Online Appendix H. Consistent with
findings on senders, recipients exhibit risk aversion,
generally perceiving uncertain rewards as less valuable
than certain ones. This reduced perceived value signifi-
cantly lowers their likelihood of accepting the invitation.
In contrast, curiosity about the recipient’s reward does
have a direct positive effect on acceptance intentions
(0.069, p < 0.05). However, mediation analysis indicates
that curiosity does not explain the negative effect of
reward uncertainty on acceptance.

7. Discussion

This study explores the influence of reward uncertainty
on user referrals. By combining large-scale field experi-
ments, user historical data, and follow-up experiments,
we find uncertainty plays different roles from the sen-
der’s and recipient’s perspectives. Senders are more
inclined to initiate a referral when faced with uncertainty
regarding their own rewards, yet they are less likely to
invite recipients if the recipients’ rewards are uncertain.
Moreover, recipients are more likely to accept a referral
invitation if it offers a certain reward. The apparent
inconsistency comes from the fact that users, in the role of
a sender, prefer an uncertain reward despite the lower
valuation as it reduces feelings of guilt associated with
claiming referral rewards rather than being driven by
optimism or curiosity. However, because recipients do
not experience guilt—as they are not asked to share the
referrals with others—they prefer certain rewards

because of risk aversion. This preference is somewhat
anticipated by senders, making them less willing to invite
others when they are required to pass the uncertainty to
the recipients. We, thus, suggest the U—C (uncertain
sender, certain recipient) reward scheme to encourage
more referrals, particularly for users acquired through
referrals, with larger rewards in private sharing channels
further amplifying its advantages.

Invited recipients—particularly those acquired
through the U—C scheme—are more likely to refer
others, triggering a cascading chain reaction that signifi-
cantly expands the customer base. Moreover, the
increased referrals driven by the U—C scheme spill over
into prolonged participation and greater engagement in
revenue-generation activities by both original senders
and invited recipients, thereby fostering the creation of a
dynamic and commercially valuable ecosystem.

To estimate the economic impact of the referral
scheme, we performed a conservative back-of-the-
envelope calculation of the economic value per referral
and used this to approximate the company’s total reve-
nue gain over the two-month experiment. The U—C
scheme resulted in an additional $79,108 in annual
revenue from the 41,202 users in the U—C group
compared with the control group. If extended to all
162,266 experimental users, the projected revenue gain
would be approximately $311,551. For more details,
see Online Appendix F.

7.1. Theoretical Implications

Our research significantly advances existing literature
in two main ways. First, we extend the social referral lit-
erature by rigorously examining how incorporating
uncertainty into referral reward design affects referral
behaviors, considering variations in reward size and
traffic type. Leveraging a large-scale field experiment
with more than 160,000 users, we causally identify that
introducing uncertainty for senders increases referral
activity, whereas uncertainty for recipients decreases
acceptance. These effects are further moderated by con-
textual factors such as reward magnitude, traffic source,
and sharing channel. Critically, we demonstrate that
sender-side uncertainty not only boosts referral volume
but also draws higher quality, more engaged users, sup-
porting long-term platform growth.

Second, we contribute to the literature by revealing
the psychological mechanisms underpinning these
effects. Whereas prior studies attribute risk seeking to
optimism or curiosity, we show that, in social contexts,
senders prefer an uncertain reward because it reduces
guilt associated with benefiting from someone else’s
action. For recipients, aversion to uncertainty is driven
not only by a lower valuation but also by fairness con-
cerns. Certain rewards also exert higher social pressure,
increasing the recipients’ likelihood of accepting the
referrals. Our findings also extend fairness theory by
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exploring asymmetric uncertainty, in which sender and
recipient face different levels of risk.

Overall, our study is the first to demonstrate that
reward uncertainty can be a powerful lever for social
referrals, not because senders inherently value risk, but
because uncertainty acts as a psychological buffer
against guilt—an insight previously undocumented in
the literature.

7.2. Practical Implications

Our findings have important managerial implications.
First, our findings recommend the use of a U—C reward
scheme in referral programs. This configuration signifi-
cantly increases referral volume without increasing unit
costs by reducing the psychological barrier of guilt for
senders and satisfying recipients’ preference for certainty.
In addition, this scheme not only drives initial referral
activity but also promotes sustained behavior, by which
invited users are more likely to refer to others, leading to
a cascading referral chain. This self-reinforcing dynamic
can serve as a powerful tool for cost-effective user acquisi-
tion and long-term network growth.

The impact of the U—C reward scheme extends
beyond referral quantity. We find that recipients
acquired through this scheme are not only more likely
to accept the initial invitation but are also significantly
more likely to refer others, further amplifying the cas-
cading network effect. These users also show higher
postreferral engagement, including app usage, reten-
tion, and transactions, and this could translate into
greater financial value for the company. Thus, the U—C
reward scheme offers a rare combination of high con-
version and high quality, helping firms attract users
who are both active and valuable over time—critical for
sustained growth.

Our study also provides guidance on tailoring refer-
ral policies to specific conditions. The benefits of the
U—C reward scheme are most effective when rewards
are sizable, when users choose to share via private chan-
nels, and when users are originally acquired through
referrals rather than organic traffic. These findings sug-
gest that, when faced with budget constraints, firms
should avoid spreading small, uniform rewards across
all users. Instead, they should target certain user seg-
ments, particularly those more likely to spread referrals,
and allocate larger, uncertain rewards accordingly.

Understanding the underlying behavioral mecha-
nisms behind referral behavior can help firms better
design, position, and communicate their referral incen-
tives. By recognizing that guilt, fairness, and social pres-
sure, rather than just risk preferences or self-interest,
shape users’ actions, marketers can craft referral mes-
sages that reduce psychological friction and encourage
prosocial behavior. Additionally, making customers
aware that uncertain rewards are part of a fair and
thoughtfully designed strategy (e.g., “You may win a

high reward for helping a friend”) can increase perceived
transparency and trust. For customers, this means a refer-
ral program that feels less transactional and more socially
acceptable, ultimately creating stronger engagement with
both the company and their own network.

7.3. Limitations and Future Research

We acknowledge several limitations in this study that
suggest directions for future research. First, we focus on
reward uncertainty within a risk framework, in which
participants know the possible rewards and their proba-
bilities. Alternatively, uncertainty could be introduced
through ambiguity when some information is withheld.
Decision-making theory indicates that people respond
differently to risk and ambiguity; thus, future research
could explore how different levels of information disclo-
sure shape perceptions and responses to uncertain refer-
ral rewards.

Second, beyond reward size, another important con-
sideration is reward distribution. In our design, there is
no guaranteed minimum reward. Future studies could
investigate whether introducing a small assured reward
changes user perceptions and improves acceptance of
uncertain rewards.

Third, an important boundary condition is that the
referral program is not purely altruistic; senders receive
a reward upon a successful referral. Our study focuses
on referral programs offering extrinsic incentives, such
as monetary rewards, with equal expected value for
both sender and recipient, a structure known to enhance
fairness and effectiveness (e.g., Hong et al. 2017, Jung
et al. 2021). However, we do not consider intrinsic
rewards, such as reputational gains, or unequal reward
structures. Whether our findings extend to these alter-
native designs remains an open question.

Fourth, our data set limits the analysis of user value.
We rely on proxies such as in-app activities but lack
individual-level data on actual spending, including
cash for high-value products or services such as 5G
upgrades. As such, we cannot definitely quantify the
economic impact of referral strategies. Whereas our
back-of-the-envelope estimate provides a conservative
benchmark, a more comprehensive revenue analysis is
a valuable direction for future research.

Fifth, future research could explore how the uncer-
tainty in referral rewards affects the sender’s selection of
recipients. Factors such as the potential recipient’s demo-
graphics or the closeness of their relationship with the
sender could play a significant role, especially when the
rewards are uncertain. Because of privacy constraints, we
could not collect data on recipients who declined invita-
tions. Future studies could compare accepted and rejected
invitations across reward schemes, ideally in a controlled
laboratory environment.

Finally, whereas our findings are robust across
two experimental periods and two follow-up online
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experiments, they are confined to a telecommunica-
tions app. Generalizability to other platforms (e.g.,
hedonic versus utilitarian platforms) and other reward
types is an important avenue for future research. In
addition, our field experiments spanned only two
months, limiting our ability to assess long-term effects.
As noted by Fernandez-Loria et al. (2023), referral pro-
gram effectiveness may decrease over time as the eligi-
ble invitee pool diminishes.
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Endnotes

T Other contexts in which reward uncertainty is prevalent include
fashion retailers, news platforms, and automotive companies. For
example, Pretty Little Thing and Morning Brew offered lottery
chances to both senders and recipients, whereas Tesla provided a
lottery chance for senders to win a Cybertruck with recipients
receiving Tesla credits. For a broader review and additional exam-
ples of how different platforms implement uncertain reward
schemes, see Online Appendix A.

2In our experiment, 162,266 users represent approximately 1.6% of
the app’s active user base during the experimental period. In addi-
tion, among experimental users, approximately 1.7% of them took
part in both periods with the uncertainty group remaining the same
but the expected reward size varying in the second period. We con-
duct a robustness check by removing the overlapping users in the
analyses and find consistent results in Table A10 of Online Appen-
dix D.

3 To distinguish the recipient’s role as a new sender in subsequent
referral decisions, we use the term “inviter” to denote the user who
invited the recipient.

4 The results look the same if we consider users from the first or the
second experimental period separately.

° The insignificance in Direct Referrals is primarily attributed to its
skewness distribution. To address this issue, we conducted multiple
robustness checks—including log transformation, outlier removal,
and negative binomial regression—all of which yield consistently
significant results as reported in Online Appendix D.

8 The positive effects of From Referral in Table 5 also support the
spillover effect in postacceptance participation and spending.

7" The p-value indicates the significance of the conditional indirect
effect in the mediation test. Please refer to Online Appendix G.4 for
detailed calculations.
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