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ABSTRACT: Online knowledge exchange platforms have become an important informa-
tion technology (IT) artifact that empowers online learning for the Internet users. A key
challenge for knowledge exchange platforms is how to motivate the desirable user
engagement behaviors. Based on the motivation theory and the equity theory, we
propose a set of hypotheses regarding the spillover effects of financial incentives on
three types of desirable yet non-incentivized user engagement, namely, voluntary
knowledge sharing, knowledge seeking, and social engagement. We obtain an archival
data set from a major online knowledge exchange platform (Zhihu.com) to evaluate our
hypotheses. Leveraging a quasi-natural experiment wherein the platform implemented
a paid knowledge sharing feature, we employ difference-in-differences models in
tandem with propensity score matching to evaluate the spillover effects of financial
incentives on the abovementioned types of engagements. Our results show that the
initial financial incentives on the paid knowledge sharing activities further motivate
users to voluntarily share more knowledge and increase their social engagement in the
platform. However, the financial incentives have no significant impact on users’
knowledge seeking behavior. Our study suggests that the financial incentives not just
have an effect on incentivized engagement, but they spillover to users’ desirable non-
incentivized online engagement behaviors. Therefore, the overall positive effect of
financial incentives to a platform is likely under-estimated in prior research. Our
research offers implications to practice that financial incentives can be an effective
strategy to nurture users, to seed content, and to enhance sociality of a platform.

KEY WORDS AND PHRASES: financial incentives, spillover effect, user engagement, knowl-
edge sharing, knowledge seeking, social engagement, online platforms, user motivation.

Introduction

In recent years, online knowledge exchange platforms such as Quora.com,
StackOverflow.com, and Zhihu.com have gained widespread popularity and rapidly
evolved into individuals’ go-to places for obtaining and sharing knowledge [17]. These
platforms have attracted millions of users and have become valuable information
technology (IT) artifacts for knowledge accruement and online learning that are available
to the public for free. In the online knowledge exchange platforms, individuals can
simultaneously share their knowledge, experience, and expertise by answering questions
and posting articles. The knowledge sharing behavior, in turn, offers these individuals
a sense of satisfaction for assisting other users [21] and potential social and economic
returns [19]. In addition to their knowledge seeking and sharing activities, users in the
online knowledge exchange platforms may also engage in social activities with indivi-
duals who share similar interests. Therefore, online knowledge exchange platforms serve
the purpose of not only knowledge repositories but also social engagement.

The sustained development of online knowledge exchange platforms depends on the
users’ active engagement within the platforms, particularly, knowledge sharing, knowl-
edge seeking, and social engagement. However, similar to other platforms that rely on
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user-generated knowledge and content, such as online reviews [5, 11], online crowdsour-
cing [21], and prediction markets [34], knowledge exchange platforms face the under-
provision problem, wherein users lack the motivation to actively engage with the plat-
form, such as knowledge sharing. The users’ lack of active engagement is also related to
the aspect of knowledge seeking behavior because a large fraction of users churn from
the knowledge exchange platforms after only one post [50]. The users’ knowledge
seeking behaviors (e.g., posting questions) are crucial to the health of knowledge
exchange platforms because thought-provoking questions can trigger other users’ knowl-
edge sharing behaviors. Furthermore, users’ social engagement plays a critical role in
their affinity with the online communities, an aspect that is crucial to a community’s
sustained success [37]. Therefore, to improve user engagement, online knowledge
exchange platforms typically set up various motivation measures, such as providing
virtual points and setting membership levels based on users’ engagement behavior [17,
26]. Alternately, these platforms provide users with financial rewards to stimulate
engagement [20, 22, 35].!

The current study analyzes the impact of financial incentives on the users’ engagement
behaviors in a hybrid knowledge exchange platform, where paid and voluntary knowl-
edge exchange services coexist [7, 25]. We leverage a quasi-natural experiment wherein
the platform first implemented incentive-based paid knowledge exchange services. After
the users received financial incentives for knowledge sharing activities, we investigate
how the financial incentives insert spillover influences on the users’ non-incentivized
engagement behaviors, such as voluntary knowledge sharing, knowledge seeking, and
social engagement. We find interesting spillover effects of financial incentives on the non-
incentivized user engagement behavior in the knowledge exchange platform. Our results
show that the financial incentives initially received by users for knowledge sharing
activities have broad spillover effects on the other related non-incentivized engagement
behaviors. Specifically, the financial incentives largely increase voluntary knowledge
sharing and social interactions, yet have no significant effect on users’ knowledge seeking
behavior. In addition, the amount of financial rewards plays the role of an important
moderator, such that high financial rewards have a stronger effect on users’ non-
incentivized engagement behaviors than low financial rewards. In summary, our analysis
provides novel findings on the existence of the spillover effects of financial incentives on
non-incentivized engagement behaviors in online knowledge exchange platforms.

Our study makes several important contributions to the related literature on
financial incentives, knowledge contribution, and more broadly, user engagement.
To begin with, prior research on online knowledge exchange platforms mostly
focused on the motivations for knowledge sharing behaviors [8, 22, 35], while
overlooking knowledge seeking and social behaviors that also play important roles
in the sustainable development of knowledge exchange platforms. For example,
Khansa et al. [26] suggested that knowledge seeking is an important type of user
behavior. In the majority of prior studies, users in knowledge exchange platforms
are regarded as either knowledge seekers or knowledge contributors. In fact, users
normally play multiple roles in knowledge exchange platforms. A user can be
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a knowledge seeker, a contributor, or a friend of other users in such platforms.
Extending prior work along the line, the current study considers the different
aspects of platform engagement in a comprehensive manner.

Additionally, previous work has examined financial incentives as an important moti-
vating factor for the desired individual behaviors [15, 20]. For instance, Hsieh et al. [20]
found that high compensation may elicit more and longer answers but not necessarily
high-quality answers. In contrast, Gneezy and Rustichini [15] suggested that high school
students invest more efforts in volunteering when they are not paid than when they are
paid a small amount of financial incentive for their work. Thus, prior research appears to
suggest that individuals commonly have a payment threshold for their motivation. If
individuals receive financial incentive exceeding the threshold value, the incentive might
have a positive effect on the targeted behaviors; while low payment below the threshold
value might not produce similar effects. Accordingly, while not the focus of this study, we
also report some exploratory findings on the role of the amount of financial incentives on
users’ engagement behaviors in knowledge exchange platforms.

Moreover, above and beyond prior work that examines the direct effect of financial
incentives on paid knowledge contribution, the current study focuses on the spillover
effects of financial incentives on non-incentivized engagement behaviors. Although
many studies investigated the effects of financial incentives on the directly incenti-
vized activities of users in online platforms, rarely has prior work considered the
spillover effects of financial incentives on non-incentivized user engagement beha-
viors [29]. Investigating the spillover effects of financial incentives on related non-
incentivized engagement behaviors is important for the sustained development of
knowledge exchange platforms. If the financial incentives targeted at one behavior
have certain unintended negative effects on other related behaviors in knowledge
exchange platforms, such as decreasing users’ voluntary knowledge sharing or social
activities, this approach may be detrimental to the overall development of the plat-
forms. Therefore, understanding the spillover effects of financial incentives could
offer valuable design implications for online knowledge exchange platforms.

The rest of the paper is organized as follows. In the following sections, we review
the related work, introduce the motivation theory and the equity theory as our
theoretical foundation, and develop our research hypotheses. We then describe the
research context and report the details of our data, followed by the econometric
model and corresponding estimation results. Finally, we conclude with a discussion
of the implications of our findings to research and practice.

Related Literature

User Engagement in Online Platforms

The majority of prior literature on user engagement in online platforms focused on
content contribution or knowledge sharing behaviors, which comprise an important
stream of IS literature on knowledge management [9, 32, 53]. Drawing on theories of



FINANCIAL INCENTIVES ON NON-INCENTIVIZED USER ENGAGEMENT 293

goal-oriented actions, Khansa et al. [26] suggested that users’ active knowledge sharing
behaviors are largely driven by non-monetary factors, such as membership level, length
of tenure, and habitual behaviors. Such effects are also highly heterogeneous across
gender [6]. Researchers also found that financial incentives influence knowledge
contribution behaviors. For example, Chen et al. [7] and Hsieh et al. [20] found that
a high asker-posted price of questions could motivate answerers to spend extra time on
the questions, whereas the amount of financial incentive has no effect on the answer
quality. Furthermore, Zhao et al. [52] found that the extrinsic rewards motivate inactive
users yet demotivate active users. In addition to user characteristics and incentives,
users’ network positions in the platform [51] and the knowledge validation process [12]
are also found to affect knowledge sharing and contribution.

Another stream of related literature evolves around knowledge secking behaviors.
Ruth [40] divided the askers in knowledge exchange platforms into two groups based
on their asking behaviors, namely, one-time askers and continuing askers. Drawing on
satisfaction theory, Ruth [40] studied how the price, response time of answerers, and
comments influence askers’ satisfaction and users’ continuing asking behaviors.
Habitual factors and current membership status were also found to affect users’
continuing asking behaviors [26]. Using a dataset from a pay-for-answer site, Hsiech
et al. [20] found that askers tend to pay for factual questions and pay extra for tough
questions. The characteristics of knowledge seekers also affect the quality of
exchanged knowledge [3]. When a knowledge seeker discloses more individual char-
acteristics, the knowledge contributor will place more trust in the knowledge seeker,
thus increasing the perceived quality of exchanged knowledge.

Social engagement is also considered an important driver for users’ satisfaction and
continued engagement in knowledge exchange platforms [40]. Raban [36] performed
a content analysis and found that social interactions between askers and answerers in
knowledge exchange platforms can catalyze economic activity, further leading to
increased information value [40]. Establishing new social ties is also a kind of
important social interaction behavior that can affect users’ content generation behaviors
[42]. However, a majority of the prior literature considers the users in knowledge
exchange platforms as either askers or answerers. Consequently, previous work mostly
studied either the knowledge seeking behaviors of askers or the knowledge sharing
behaviors of answerers in isolation. In the current work, we consider the multiple roles
of the users. We not only study users’ knowledge sharing behavior, but their knowledge
seeking and social behaviors as well. Our study aims at extending prior research on user
engagement in knowledge exchange platforms by considering the multiple aspects of
user engagement with a comprehensive study framework, namely, voluntary knowl-
edge sharing, knowledge seeking, and social engagement.

Financial Incentives

Financial incentives are being extensively used by policymakers and managers
to induce desired behaviors [44]. Economic theory holds that individuals are
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rational and constantly pursue their maximum interest. Existing literature on the
effectiveness of financial incentives has analyzed the performance of targeted
behaviors that are objectives of financial incentives. Overall, financial incentives
are found to influence individuals’ incentivized behaviors [5, 28, 42]. For
example, in the offline context, financial incentives have been proven to moti-
vate healthy behaviors [1, 39, 45]. In the online community, financial incentives
also serve as a marketing tool to stimulate desired behaviors. For example,
financial incentives are considered an effective incentive to improve user
engagement in online communities. For example, in open source software
(OSS) communities, developers who are paid to join in OSS activities partici-
pate more compared with their unpaid counterparts [38]. In electronic commerce
platforms, offering financial incentives to consumers can stimulate users to write
additional online reviews [5]. In knowledge exchange platforms, when questions
are difficult to solve, askers may pay financial rewards as motivation for other
users to provide high-quality answers. In addition, high financial rewards can
elicit more and longer answers than low monetary ones [20].

Some contradictory findings regarding financial incentives have also been
reported. For example, Garnefeld et al. [14] found that financial incentives can
increase the short-term engagement behaviors of users; however, in the long
run, the financial incentives are likely to decrease users’ intentions to engage
in an online community. On the contrary, Sun et al. [43] found that after
financial rewards for posting reviews are introduced, the reviews contributed
decreased, in particular for those who are highly connected in the community.
Gneezy et al. [16] offered a clear picture as to when and why financial
incentives do or do not work. They concluded that financial incentives have
two kinds of effects: the standard direct price effect that incentivizes desired
behaviors and an indirect psychological effect. In certain cases, the direction
of the psychological effect is opposite to that of the price effect, and the
psychological effect can crowd out desired behaviors. The effectiveness of
financial incentives depends on the kind of targeted behavior and the amount
of financial incentives [16].

There is a scarcity of research on the effectiveness of financial incentives on
related non-incentivized behaviors in the online context. Findings from the
offline context suggested that interventions based on financial incentives can
both improve target behaviors and affect the treated group’s related behaviors,
supporting the existence of the spillover effects of offline financial incentive-
based intervention [29]. However, owing to the relatively anonymous nature of
the online platforms, users may not change their related behaviors when they
receive financial rewards. Therefore, our study aims to investigate the spil-
lover effects of financial incentive-based programs in online knowledge
exchange platforms.
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Theoretical Foundation and Hypothesis Development

Motivation Theory

Motivation theory has been widely used to explain users’ online engagement
behaviors [22, 31, 38]. The motivation theory distinguishes two types of motiva-
tions, namely, intrinsic and extrinsic motivations [10, 41]. Intrinsic motivations
refer to the inherent desire to do something because of the inherent satisfaction or
enjoyment of the action itself. In contrast, extrinsic motivation means that an act is
performed because of existing external incentives [17], and not because of the
satisfaction of performing the action. Research on the motivation theory has
suggested that intrinsic motivation depends on the perceived sense of autonomy.
If users engage in an activity because of the external value rather than the enjoy-
ment of the activity itself, then their perceived self-determination will be under-
mined. Thus, extrinsic incentives will crowd out intrinsic motivations if the former
are considered dominating. However, if extrinsic incentives can conduce to indivi-
duals feeling competent without losing their perceived self-determination, then
extrinsic motivation will enable the individuals to experience enhanced intrinsic
motivation for performing an activity. As a result, extrinsic incentives will crowd in
intrinsic motivations if the former are perceived as acknowledging [31, 41].

Our study context—a hybrid knowledge exchange platform—offers a rich context
to examine the users’ multiple motivations and behaviors. On the one hand, users
can voluntarily contribute knowledge, seek knowledge for free, and form social
relationships with other peer users in knowledge exchange platforms because of
their intrinsic motivation, which in turn can satisfy their needs for competence,
control, and autonomy [10, 41]. These engagement activities allow users to experi-
ence a sense of achievement in assisting others, self-worth, and belongingness.
When users participate in voluntary activities, such as voluntary knowledge sharing
in the platform, the lack of financial rewards retain the intrinsic motivation and
possibly even enhance the intrinsic motivation. On the other hand, a hybrid knowl-
edge exchange platform provides users with extrinsic motivation, such as financial
rewards for certain kinds of behaviors. In our case, users are remunerated for
knowledge sharing behaviors. Given that the financial rewards are not directly
aimed at the voluntary engagement behaviors, the users could still voluntarily
contribute knowledge in hybrid knowledge exchange platforms without losing
autonomy. More importantly, financial rewards can also be regarded as recognition
of competence. In other words, financial rewards received from paid activities
allow users to satisfy their needs for autonomy and competence when they parti-
cipate in voluntary activities. Consequently, the financial rewards not only provide
extrinsic motivation, but also enhance the intrinsic motivation under this condition
[10, 41]. Drawing on the motivation theory, we expect that the users will participate
in other voluntary activities driven by intrinsic motivation after they receive
financial rewards from paid engagement activities.
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Equity Theory

Equity theory suggests that individuals will work to restore equity if they sense that
they will be under-rewarded or over-rewarded in an exchange [24]. When individuals
manage their relationships with others, they assess the ratio of their outputs and inputs
to the relationships [24]. If they perceive that the input-output ratio is not equal, similar
to an exchange, they will make efforts to restore equity [2]. After the launch of the fee-
based knowledge sharing feature, our study context evolved from a purely community-
based knowledge exchange platform to a hybrid knowledge exchange platform. The
output of knowledge exchange activity in the platform also changed accordingly. With
the fee-based feature, users receive an extra amount of financial reward for participat-
ing in paid knowledge exchange activities. The extra financial rewards that the users
received from the websites might lead to a feeling of indebtedness to the knowledge
exchange platforms. To strive for equity, the feeling of indebtedness could motivate the
users to increase their input to the platform, such as reciprocating the site by voluntarily
contributing more knowledge. Reciprocal behavior could also help users avoid being
considered as individuals who only focus on their self-interest [13]. Therefore, con-
sidering the equity theory, we expect that financial rewards might have a positive
spillover effect on the users’ reciprocity, such as voluntary knowledge sharing, knowl-
edge seeking, and social engagement.

Voluntary Knowledge Sharing

In knowledge exchange platforms, the voluntary knowledge sharing behaviors
normally include voluntary answering behaviors and voluntary article-posting
behaviors. For voluntary answering, users answer other users’ questions without
any financial rewards. Users often voluntarily participate in voluntary answering
behaviors. At the same time, users can post original articles on a voluntary basis in
the knowledge exchange platforms. These articles generally provide a detailed
explanation of specific themes and topics under the users’ expertise.

The paid and voluntary knowledge sharing activities are commonly seen as
complementary activities for the users in a knowledge exchange platform. To
begin with, the voluntary activities can significantly improve users’ satisfaction
and continuance, which become an integral part of a fee-based service market [40].
The involvement of answerers in voluntary knowledge sharing activities helps
establish a positive online image of being altruistic and benevolent. In turn, the
positive online image of voluntary answerers strengthens the influence of the
answerers’ paid knowledge sharing activities and inspires askers to join the paid
knowledge sharing activities accordingly. Considering that financial incentives have
a positive effect on paid knowledge sharing activities, these incentives may lead to
an increase in voluntary knowledge sharing activities.

At the same time, financial rewards received from participating in paid knowl-
edge sharing activities represent the recognition of personal competence, which can



FINANCIAL INCENTIVES ON NON-INCENTIVIZED USER ENGAGEMENT 297

enhance the intrinsic motivations of users. When users receive financial rewards
from knowledge sharing, they also experience self-confidence in their expertise in
specific topics. The increased self-efficacy might also drive users’ intrinsic motiva-
tion for voluntary knowledge sharing behaviors. Taken together, it is plausible that
the financial incentives might enhance the users’ intrinsic motivation and further
inspires them to engage in voluntary knowledge sharing activities.

Therefore, based on the motivation theory, users tend to engage in more voluntary
knowledge sharing activities in the knowledge exchange platform when they receive
financial rewards. In addition, according to the equity theory, when users receive
financial rewards from the knowledge exchange platform, they voluntarily contribute
extra time and effort to the knowledge exchange platform to avoid being perceived as
purely driven by financial incentives by establishing a well-regarded image [7, 27].
Bearing the above arguments in mind, users tend to reciprocate the platform by involving
in more voluntary knowledge sharing activities. Formally, we hypothesize the following:

Hypothesis 1: Users will increase their voluntary knowledge sharing activities
if they receive financial rewards from paid knowledge sharing activities,
including voluntary answering (Hla), and voluntary article posting (HIb).

Knowledge Seeking

In knowledge exchange platforms, the knowledge seeking behaviors generally refer
to posting questions to obtain other users’ answers. In posting questions on knowl-
edge exchange platform, the user seeks help in certain topics; therefore, knowledge
seeking may indicate that the users lack knowledge in those topics. In most
knowledge exchange platforms, users are allowed to post questions voluntarily
(i.e., without monetary costs). However, knowledge seeking behaviors can impose
other non-monetary costs, such as psychological costs. Given posting questions is
naturally a kind of help-seeking behavior, prior literature suggested that asking for
help can reduce users’ personal sense of self-competence and impede their social
status in knowledge exchange platforms [20, 48]. When users receive financial
rewards from participating in paid knowledge sharing activities, their expected
audience size and rewards amount are related to their perceived ability. As users
are typically loss averse, to maintain their knowledgeable image, users who receive
financial rewards are demotivated to seek knowledge in the knowledge exchange
platforms compared to those who do not receive financial rewards. Therefore,
financial incentives are likely to decrease paid users’ knowledge seeking behaviors.
We hypothesize the following:

Hypothesis 2 (H2): Users will decrease their knowledge seeking activities in
knowledge exchange platforms if they receive financial rewards from paid
knowledge sharing activities.
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Social Engagement

Social engagement among users is a key feature of online platforms that rely on
user content generation [43], and it is vital for the sustained development of
content-based online platform [33]. In a typical knowledge exchange platform,
such as Zhihu and Quora, users can follow and be followed by other users.
Typically, the key activities of the user being followed will be pushed to the
follower. In what follows, we conceptualize the spillover effects of financial
incentives on users’ social engagement, measured by the number of new followers
and followees each month.

On the one hand, the financial rewards received from the sites allow the users to
experience a high level of satisfaction by enhancing users’ loyalty [4] and their
perception of self-efficacy [22], which are important intrinsic motivations. The
enhancement of intrinsic motivation can increase users’ social interactions in the
community [8].

On the other hand, paid knowledge sharing activities can increase the users’
number of followers. The initiation of paid knowledge sharing activities serves as
a quality signal of the users, indicating that they are likely experts in a specific
topic. Thus, users on the platform will attempt to establish social connections with
those who have initiated paid knowledge sharing activities. Furthermore, paid
knowledge sharing activities can increase exposure for users, increasing their
reach to more users who will potentially follow them on the platform. Therefore,
we hypothesize the following:

Hypothesis 3: Users will increase their social interactions in knowledge
exchange platforms if they receive financial rewards from paid knowledge
sharing activities, including following more users (H3a), and being followed
by more users (H3b).

Research Context and Data

Research Context

Our research context is a popular online knowledge exchange platform in China,
Zhihu.com, wherein platform users ask questions, answer questions, post articles,
and build social connections. As of March 2017, approximately 70 million users
have registered on the platform. Our natural experiment occurs on May 16, 2016, in
which this platform rolled out a new feature called “Live.”®> A Live session is
a paid, real-time, and online question-and-answer service. Hosting a Live session
means that users create a communication group to share their knowledge at
a specified time and set up the entry costs of the group. Other users can participate
in the communication group by paying entry costs to the Live session holder. In the
communication group, the Live session holder will answer the paying audiences’
questions in real time. A Live session lasts for two hours. When a Live session
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ends, the Live holder can no longer answer the audience’s questions in the com-
munication group.

We consider Zhihu.com an ideal setting for our study for several reasons. First,
the site is among the largest knowledge exchange platforms in China. It has brought
together nearly 70 million users from the Internet and covers diverse fields such as
technology, business, psychology, and culture, resulting in 15 million questions
asked, 55 million answers given, and 250,000 topics discussed. Given the popular-
ity of the site, any functional change in the site will have an important
influence. Second, the utmost advantage of our research context is the occurrence
of natural experiment with the change in the platform’s Live feature. The platform
was initially a completely social market without economic rewards for knowledge
contributors. However, it has developed into a mixed social and economic market
after the monetary-incentive-based feature was introduced. This setting allowed us
to study the change in engagement behaviors of participants. Given that not every
user participates in the economic activity, we can consider the nonparticipants as
the control group users in this study. Third, as a knowledge exchange platform,
Zhihu.com is both a knowledge sharing community and a social community. Users
can follow (or be followed by) other users with the same interest on certain topics
as them. The social property of the platform enables us to study users’ social
interactions.

Keeping in mind of a quasi-experimental design, we collect data on contribution
activities from the knowledge exchange platform from January 17, 2016 to
September 17, 2016. The new Live feature, comprises a natural shock in our
eight-month sampling window and has the exogenous effect of introducing
financial incentives in the site (i.e., treatment). We define the period from
January 17, 2016 to the launch time of Live as the pretreatment stage and the
period from the launch time of Live to September 17, 2016 as the post-treatment
stage. We focus on the users who have held a Live session and registered on the
website before the start date of the sampling. The number of users in this treated
group during this period was 203. In addition, we randomly select 4,988 users
who have not held any Live session within the study period and registered on the
site before January 17, 2016. We use these samples as the control group. Figure 1
illustrates the experimental timeline.

To provide more contextual background for readers who have not used Zhihu,
Zhihu is similar to Quora. In both Zhihu and Quora, users can ask questions,
provide answers, post articles, and establish social ties with other users. A key
difference between Zhihu and Quora is that users in Quora will not receive any
monetary reward when they share their knowledge with others. In contrast, after the
Live session feature implementation, users in Zhihu can choose to participate in
both voluntary knowledge sharing activity and monetary reward-based knowledge
sharing activities. It is notable that although the feature release was exogenous, the
platform users decide whether they will hold a paid Live session. During the
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Neither the treat group nor control

The treat group receives the financial

group  receives  the  financial incentive, the control group does no
I pretreatment stage post-treatment stage I time
2016.01.17 2016.05.16 2016.09.17

Launch of “Live”

Figure 1. Experimental Timeline.

observational window of our study, each Live session lasts for about an hour, and
the Zhihu platform did not charge any commission from Live session holders.
Here, we provide two screenshots of a Zhihu’s regular voluntary Q&A discussion
and a Live session, in Figures 2 and 3, respectively. Accompanying each original
screenshot, we also provide the appropriate translations to the right of the figures.

Dependent Variables

We measure the voluntary knowledge sharing behaviors using two variables: Answers;;
and Articles;. Answers;, refers to the number of user i’s answers shared on a voluntary
basis in month ¢. Articles;, refers to the number of user i’s articles shared on a voluntary
basis in month . The voluntary knowledge seeking behaviors is measured using one
variable Ask;,, which refers to the number of user i’s questions asked in month z. We
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Figure 2. A Screenshot of Voluntary Q&A Discussion (Zhihu) with Translation.
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Status: End  Participants: 12235
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HIBLE (BRICRREKRET) (’)

English Test-6, can I use The Big Bang Theory to practice
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@ > o Question 1 Answered by “J& 5 7575” (The Live Holder)

23 This is an audio message. (It lasted for 30 seconds).

Time: 2017-01-07 22:19

RIRRE—O)—ERIB? AEEAR Question 2 Answered by “/B 5 7575” (The Live Holder)
fE?

m > This is an audio message. (It lasted for 21 seconds).

22 NEIR

Figure 3. A Screenshot of a Live Q&A Discussion (Zhihu) with Translation.

measure the social behaviors using two variables: Follower;; and Followee;. Follower;
refers to the number of user i’s new followers in month ¢. Followee;, refers to the number
of user i’s new followees in month .

Independent Variables

We are interested in how users change their engagement behaviors before and after
receiving financial rewards from the paid knowledge sharing activities compared
with users who are not receiving financial rewards. Therefore, our focal indepen-
dent variables are TreatGroup; and PostTreatment;,. If user i has ever held a Live
session during our study period, the TreatGroup; variable equals 1, which means the
user is a Live holder; otherwise, 0. The PostTreatment;; variable equals 1 if month
t is on or after May 16, 2016.

Control Variables

Social recognition affects users’ engagement behaviors [46]. Thus, we also control
for the social recognition effect. The cumulative number of favorites and up-votes
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from other users in the last time period are adopted to measure the social recogni-
tion effect. In addition, considering the skewed distribution of the two control
variables, we use the log-transformed control variables (logFav;,;, logUpvote;.;)
in our regression model.

We compute the means and the mean differences in the outcome variables for
treated and control groups during two periods, namely, before and after launching
the economic feature Live. The numbers of treated and control group users are 203
and 4,988, respectively. We collect data for eight months. The total numbers of
observations are 1,624 and 39,904 for the treated and control group users (see
results in Table 1). The average monthly number of engagement behaviors is higher
for treated users than for control group users in both periods. Except for answering
behaviors, the engagement behaviors of treated users largely increased after the
paid feature was launched. Conversely, the engagement behaviors of control group
users remained at roughly the same level over time. Consequently, the differences
in engagement behaviors, except for answering behavior, between the two groups
widened over time. These model-free results suggested that the treated users who
received financial incentives are likely to participate in the kinds of activities in the
site relative to the control users. The trends of engagement behaviors between the
treated and control groups before Live was launched are roughly consistent, except
in Month 2. This finding is attributed to the fact that Month 2 is the time period
from January 16, 2016, to February 16, 2016, which covered the Spring Festival
holiday, which meant users had extra time to participate in online activities. To
minimize the effects caused by the Spring Festival holiday on users’ online
engagement behaviors [30], we report the results without the data from Month 2.

Table 1. Mean Comparisons of Dependent Variables Between Treated and Control
Users

Treated Users Control Users

Variable Period Obs Mean Obs Mean Differences
Answers; Before Launching Live 812 4341 19,952 1.394 2.947
After Launching Live 812 3.889 19,952 1.318 2.571
Articles; Before Launching Live 812 1.3283 19,952 0.087 1.236
After Launching Live 812 2.124 19,952  0.114 2.011
Askj; Before Launching Live 812 0.110 19,952 0.076 0.033
After Launching Live 812 0.127 19,952  0.064 0.062

Follower;  Before Launching Live 812 1819.809 19,952 40.824 1778.985
After Launching Live 812 2010.216 19,952 41.468 1968.748
Followee; Before Launching Live 812 4853 19,952 2.819 2.034
After Launching Live 812 6.117 19,952 3.048 3.069
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Empirical Analysis

Spillover Effects of Financial Incentives on Non-incentivized
Engagement Behaviors

We adopt the regression framework to detect the shift in engagement behaviors of Live
session holders relative to that of non-Live session holders. We rely on a difference-in-
differences (DID) approach. The panel data DID regression framework allows us to
take advantage of panel data to control for both time-specific and user-specific effects
[30]. Our estimating equation for members 7 in stage ¢ is represented in Equation (1):

Vit = Po + Py * TreatmentGroup; x PostTreatment, + B, * logFav,_; + B4
x logUpvote, | + ZMonthDummy, +o; + €; @)

where y;; refers to Answers;, Articles;, Ask;, Follower,, and Followee,, respectively. The
outcome variables in our model are log-transformed to produce an elasticity interpreta-
tion. TreatGroup; is denoted as 1 if a member has ever held a Live session within the
study period, and 0 if otherwise. We define the dummy variable PostTreatment;; as 1 if
month # is on or after May 16, 2016, and 0 otherwise. The coefficient £; of the interaction
term TreatGroup;x PostTreatment;, assesses how the contribution behaviors in the treated
group change after the financial incentive feature was launched in contrast to that of the
control group during the same period. The control variables logFav;.; and logUpvote;, ;
refer to the cumulative number of favorites and up-votes received from other users in the
last time period #-1, respectively. We include dummy variables for each month from
February 2016 to September 2016 to control for time-specific effects.

Two challenges are identified in our specification. First, given that the treated
users who receive financial incentives are not randomly selected by our researchers,
the treated users may have a high propensity to participate in the economic
incentive-based activity owing to a few unobserved factors. The unobserved factors
will lead to a biased estimation. To address this potential endogeneity problem, we
introduce individual-level fixed effects to control for time-invariant, unobserved
user characteristics. We also include month dummy variables to control for time-
specific effects. Individual-specific effects are determined via F-test and LM test.
The Results from the Hausman test also indicate that the fixed-effects model is
more appropriate than the random effect model. We present both the fixed-effects
model and the pooled ordinary least squares (OLS) model in the Results section.

Second, a few users may change their existing behaviors to increase their
popularity and thus attract more audiences to attend the Live sessions that they
hold. Hence, the financial incentive-based feature may exert influences before the
users actually receive financial rewards. If we use the individual holding dates as
the cut-off dates, then our analysis will underestimate the effects of the financial
incentive-based feature. Thus, to minimize the biased effect, we use May 16, 2016
as the cut-off rather than dates the users individually held their Live sessions as the
cut-off dates. We still use the individual holding dates to report the results in our
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main analysis. In the following robustness section, we only report the results using
May 16, 2016 as the cut-off date. In our regression, when we use May 16, 2016 as
the cut-off date, PostTreatment;, is 1 if the user i has previously held a Live session
and month t is on or after May 16, 2016, and 0 otherwise. When we use individual
Live holding dates as the cut-off dates, we redefine that PostTreatment,, is 1 if the
user i has previously held a Live session in month 7, and 0 otherwise.

Columns (1), (3), (5), (7), and (9) of Panel A in Table 2 present the results with fixed
effect (FE) using May 16, 2016 as the cut-off date. The variable TreatGroup; drops
from the regression because its value does not vary with time. Column (1) in Table 2
presents the spillover effects of financial incentives on the voluntary contribution of
answers each month. Column (3) shows the spillover effects of financial incentives on
posting articles on a voluntary basis. Column (5) shows the spillover effects of financial
incentives on knowledge seeking behaviors. Columns (7) and (9) demonstrate the
effect of financial incentives of paid knowledge exchange on social activities. The
coefficient of the interaction term TreatGroupxPostTreatment; of Column (1) is
insignificant. Overall, the number of contributing answers did not change after the
users received financial incentives. The results fail to support Hla. For the voluntary
article posting activity, Column (3) shows that the average number of articles per month
increased by 32.0% after users received financial rewards. The result supports H1b.
Overall, financial incentives received from paid knowledge sharing behaviors have
a positive spillover effects on users’ voluntary knowledge sharing behaviors. The
coefficient of the interaction term TreatGroup;xPostTreatment;; of Column (5) is
insignificant. Overall, users’ knowledge seeking behaviors did not change after the
users received financial incentives. The result does not lend support for H2. For social
activities, Columns (7) and (9) respectively show that the number of new followers
increased by 29.7%, and the number of new followees increased by 16.6% after
financial rewards were received for the paid knowledge exchange activity. These
results support H3a and H3b. Columns (2), (4), (6), (8), and (10) report the results
based on OLS regression, results that are similar to those with the fixed-effects model.
Panel B of Table 2 shows the analysis using Live holding dates as the cut-off date for all
treated users. In the rest of the analysis, we use Live launching time as the cut-off date.

Robustness Checks

Ruling Out the Holiday Effects

As mentioned in the data description section, our study period includes an important
Chinese festival holiday, which may have affected the users’ online engagement beha-
viors. Thus, we exclude this time period and repeat the DID analysis. Table 3 presents the
estimation results without the data from Month 2. After the festival effect is excluded, the
results support Hla, H1b, H3a, and H3b. The coefficient of the interaction term
TreatGroup; % PostTreatment;, of Column (5) is still insignificant. Hence, again, the result
does not lend support for H2.
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Assessing the Self-Selection Problem

Owing to the self-selection problem, we cannot plausibly conclude that the
different post-treatment behaviors between the treated and control groups are
caused by the “Live” financial incentive feature. The Live session holders
generally have greater incentive motivation and are more likely to share addi-
tional knowledge and build more social ties in the website than the non-holders
over time. Therefore, regardless of whether the financial incentive exists, the
members belonging to the treated group appear to contribute further and build
more social ties on the website.

To reduce the potential differences between the treated and control groups, we
rely on propensity score matching to identify members within the control group
with a great level of similarity to members in the treated group in terms of observed
characteristics.

We employ a propensity score-matching method for our analyses to balance the
observed characteristics between the treated and control groups. We calculate the
propensity score using logit regression with an indicator of being treated by the financial
incentive as the dichotomous outcome and a set of observed characteristics as covariates
(including gender, the total amount of answers, questions, articles contributed by mem-
bers in the website before May 16, 2016, the total amount of up-votes and favorites that
users received before May 16, the total number of followers, and the number of
individuals that the user followed before May 16). Then, based on the propensity
score, we match members between the treated and control groups by applying two
matching methods, the one-to-one nearest neighbor matching without replacement
with a caliber of 0.03 and the nearest four neighbors with replacement with the caliber
0.03 matching.

Table 4 presents the summary statistics of the treated and control groups before
and after matching using one-to-one nearest neighbor matching without replace-
ment with a caliber of 0.03. The standardized bias of all the covariates is largely
reduced after matching. The #-test results confirm that the means of the two groups
are similar after matching. These checks validate that the matching method is
appropriate for producing similar groups.

We repeat the DID analysis using the matched samples. Panel A of Table 5 presents
the results using one-to-one matching without replacement-matched samples. The
number of matched sample users is 280. Panel B of Table 5 presents the results using
one-to-four nearest neighbors matching with replacement-matched samples. The num-
ber of users in the matched sample is 461. After the matched samples are used, the
results in Table 5 suggest that the average numbers of answers and articles per month
increased by 10.9% and 31.9%, respectively, after users received the financial rewards.
The results support Hla and H1b. By contrast, for knowledge seeking behaviors, users
did not change their behaviors after receiving financial rewards. This result does not
lend support for H2. For social activities, using the matched samples, Columns (7) and
(9) in Table 5 respectively show the number of new followers increasing by 66.3%, and
the number of new followees also increased by 26.7% after receiving the financial
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Table 4. Summary Statistics of Control and Treat Group Before and After
Matching

Unmatched Mean %reduction t-test
Variable Matched Treated Control %bias bias t p>t
gender U 0.772 0.713 13.7 64.1 1.84 0.065

M 0.750 0.771 -4.9 -0.42 0.676
loganswer U 4.669 3.673 75.9 95.5 10.37 0

M 4.375 4.420 -3.4 -0.29 0.768
logatrticle U 2.389 0.167 196.1 96.3 45.07 0

M 2.004 2.087 -7.3 -0.46 0.648
logask U 1.616 1.379 19.0 88.2 2.86 0.004

M 1.502 1.530 -2.3 -0.19 0.850
logfollower U 9.791 5.441 275.3 99.4 41.23 0

M 9.104 9.131 -1.8 -0.16 0.875
logfollowee U 4.854 4.535 249 60.8 3.29 0.001

M 4.697 4.822 -9.8 -0.80 0424
logupvote U 9.921 6.391 209.6 98.9 27.11 0

M 9.399 9.439 -2.4 -0.22 0.826
logfav U 9.405 5.692 205.0 99.8 29.24 0

M 8.850 8.859 -0.5 -0.04 0.967

Note: The comparisons are based on one-to-one matching without replacement (caliber = 0.03).

rewards from the paid knowledge exchange activity. These results support H3a and
H3b. The estimation results using one-to-four nearest matching samples are similar to
those using one-to-one matching samples (see Panel B in Table 5).

Falsification Tests

We perform two falsification tests to assess whether our main results are
spurious. In our first falsification test, we assess the presence of the spillover
effects of the financial incentive-based “Live” feature if users do not use the
feature within the study period. Considering that our DID estimations rely on
the assumption that the financial incentive-based feature only exerts an influence
on those participants, we randomly assign 5% of all users (excluding the actual
Live session holders) in our analysis to be Live session holders (the number of
placebo Live session holders was 203, which was approximately equal to the
number of actual Live holders.) We rerun our DID model. Table 6 presents the
results of the first falsification test. The coefficients of the interaction term show
no significant effects of the financial incentive-based feature on related engage-
ment behaviors, thus increasing our confidence that the spillover effects on
related engagement behaviors are caused by participating in the financial incen-
tive-based feature.
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In our second falsification test, we check whether the behavior trends for Live
session holders and non-Live session holders differ significantly before Live was
launched. To check conduct this test, we select March 17, 2016, April 17, 2016, and
May 16, 2016, dates prior to the actual Live’s launch time as the cut-off dates. With
these placebo cut-off dates, if the Live session holders perform significantly higher
engagement behavior than the non-Live session holders, then it means that the main
results are spurious because the financial incentive-based program should not have
affected the users’ engagement behaviors before Live was launched. We employ the
DID estimation model by regressing the dependent variables on the interaction
terms of Treatment; with dummy variables for the three placebo cut-off dates. In
this analysis, we limit the study period from January 17, 2016 to May 16, 2016.
Table 7 presents the results using April 17, 2016 as the cut-off date time. The trends
of engagement behaviors (except for voluntary answering behavior) for Live ses-
sion holders and non-Live session holders are consistent prior to Live’s launch. By
contrast, the Live session holders decrease their voluntary answering activities over
time prior to May 16, 2016. We argue that the users’ voluntary answering behavior
appears to be declining over time, especially the relatively active users (Live
session holders who have more engagement behaviors than non-Live session
holders). The emergence of a financial incentive-based feature changed this declin-
ing trend (see results in Table 7). The results with March 17, 2016 as the cutoff time
are omitted for brevity, and they are identical to the results in Table 7.

Relative Time Model

To test the key assumption of the DID specification, the parallel trend assumption, we
explore how our dependent variables change between the treated and control groups
before launching Live by adding a set of interaction terms of monthly dummies and
treatment indicator variable in our estimation equation (Equation 2). Specifically, we
apply this relative time analysis in references to several papers in the recent IS literature
[23, 49]. The logic of this test is that, if there is an existing trend in the dependent
variable prior to the Live feature release that is in the same direction as the trends after
launching Live, our main results may be driven by some other events that happened
prior to the Live feature release. On the contrary, if the there is no clear trend prior to the
launch of the Live feature, yet the effect manifests after the launch of the Live feature,
we can gain increased confidence in our main results and attribute the observed effects
to the policy change.

In our econometric specification, we use the month of launching Live as the reference
group. Thus, we omit the interaction term of the month of launching Live (May 2016)
and the treatment indicator variable. If TreatGroup; equals 1, the result indicates that
individual i belongs to the treated group; otherwise, the individual i belongs to the
control group. MonthDummy; indicates the monthly dummy variable. Figure 4 illus-
trates the coefficients of the interaction terms.
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Figure 4. Relative Time Model Estimates.

Vit = Po + B * TreatmentGroup; x MonthDummy, + p, x logFav,_1 + p;
x logUpvote,_| + ZMonthDummyt +o; + €; )

Besides the relative time model, we conducted a number of extensions to the main
analyses, which offers insights beyond the main findings. Please refer to the online
supplemental information for the extensions.
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Discussion

Key Findings

Given the intense competition of knowledge exchange platforms, certain knowl-
edge exchange platforms take a series of measures to increase their competitive-
ness, such as implementing financial incentive-based services to stimulate user
engagement. Our study investigated the unintended spillover effects of the financial
incentive-based feature on users’ related engagement behaviors, which can inspire
users’ involvement and significantly enhance their loyalty to the knowledge
exchange platforms. Specifically, we examine the spillover effects of the financial
incentive on users’ voluntary knowledge sharing behaviors, knowledge seeking
behaviors, and social behaviors in a knowledge exchange platform.
Methodologically, our study leverages the natural experimental data and employs
the panel data DID framework for estimations. To address the self-selection pro-
blem, we employ propensity score matching to match the treated and control
groups, further enhancing the causal identifications. Based on the matched samples,
users are found to increase voluntary knowledge sharing and establish further social
ties with other users in knowledge exchange platforms after receiving financial
rewards from the financial incentive-based feature. However, there is no evidence
to suggest users will decrease in their knowledge seeking behaviors.

Building on motivation theory and equity theory, we argue that when users
receive financial incentives from the websites, they will likely commit extra time
and effort to the platforms because the financial rewards can be regarded as an
acknowledgment of their self-efficacy, which will crowd in users’ intrinsic motiva-
tion. Thus, the enhancement of intrinsic motivation and the attempt not to be
perceived as a person who intends his own gains will motivate users to reciprocate
others in the site by voluntarily sharing more knowledge [13, 18]. At the same time,
we originally proposed that the knowledge seeking behaviors will decrease after
users receive financial rewards because they want to maintain their knowledgeable
image. However, users appeared to maintain the need to seek knowledge in knowl-
edge exchange platforms and did not significantly change their knowledge seeking
behaviors after receiving financial rewards. The financial rewards received from the
website will likewise evoke users’ loyalty to the platform and closeness to other
users on the websites. The users will display willingness to build social ties with
other users in knowledge exchange platforms.

Our study also explores how the relationship between the financial incentive and
related users’ engagement behaviors differs with the amount of financial incentives.
High financial incentives can exert strong influences on related engagement beha-
viors. In our further analysis, users increased their voluntary knowledge sharing
behaviors in the first month after pushing out Live, although they did not hold Live
sessions in this period. A potential explanation is that users want to increase their
publicity and enhance their prestige to prepare for holding Live sessions in the
future by altering their existing behaviors. Moreover, we use May 16, 2016 as the
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cut-off date to analyze the effects of the financial incentive-based feature. Users’
engagement in voluntary knowledge sharing behaviors and social-tie-building
behaviors were more intensive after they received the financial rewards compared
to before they received the financial rewards.

Implications

Our paper contributes to the prior literature on multiple fronts. First, we
contribute to the literature on the effectiveness of financial rewards in changing
users’ behaviors from a new perspective. The current study is different from
previous research, which examined the effectiveness of financial incentives
from the viewpoint of behaviors targeted by financial rewards [5, 28, 42].
Based on motivation theory and equity theory, the current study explores the
spillover effects of the financial incentives in on users’ non-incentivized
engagement behaviors in the context of online knowledge exchange platforms.
In addition, we further explore the different spillover effects of different
amounts of financial rewards. Indeed, financial incentives influence users’
related engagement behaviors, and the influence is determined by the amount
of financial rewards.

Second, we complement the literature on users’ engagement behaviors in knowl-
edge exchange platforms, wherein users play multiple roles. Users generally utilize
knowledge exchange platforms to seek knowledge and learn skills of interest [33,
47]. Users are also willing to share their experience and answer others’ questions on
these platforms. As they engage with the platform through knowledge seeking and
contributing, users also establish social ties with other like-minded users [33]. Thus,
knowledge sharing behaviors, knowledge seeking behaviors, and social behaviors
are equally indispensable for the development of knowledge exchange platforms.
Previous studies primarily focused on the antecedents or intervention strategies that
motivate knowledge or content contribution [23, 21, 34], while neglecting the
knowledge seeking behaviors and social engagement behaviors in knowledge
exchange platforms. Our study filled in this gap by comprehensively examining
a multitude of engagement behaviors.

Our study also has important managerial implications for online communities that
depend on UGC and users’ social interactive behaviors. To fully understand the
effects of financial incentives, it is imperative to go beyond the incentivized
behaviors, to deepen our understanding of the potential spillover effects of financial
incentives. Launching a financial incentive-based feature in the knowledge
exchange platform can affect both voluntary knowledge sharing and social activ-
ities. However, participating in the paid knowledge sharing activity will not reduce
users’ knowledge seeking behaviors. Such effects should also be generalized to
other online communities that rely on user-generated content and knowledge to
thrive, such as OSS sites and online product review platforms. As financial
incentives can motivate users to participate in not just the incentivized activities,
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but also other beneficial online activities, managers of the online communities or
platforms should embrace financial incentives when they consider effective
approaches to seed, stimulate, and nurture user engagement. For example, the cold-
start and under provision of content is of particular concern for many new com-
munities [5, 21]. The spillover effects of financial incentives can create cascading
effects for user engagement, as more content will attract more readers, who in turn
motivate more engagement from the content creators. Therefore, our study suggests
that financial incentives can be an effective content seeding strategy.

Limitations and Future Research

This study contains several limitations, which also open up multiple potentially
fruitful opportunities for future research. First, it only investigates the effect of
financial incentive on the quantity of engagement behaviors. Nevertheless, the
quality of engagement activity is equally important for online platforms [7, 34].
Although our results suggest that users will increase their voluntary knowledge
sharing behaviors in knowledge exchange platforms after receiving financial
rewards from paid knowledge sharing activities, it is unclear whether the length
and quality of answers and articles also increase with the quantity. In addition,
although Live session holders build more social ties in the knowledge exchange
platforms than before, no evidence proves that Live session holders will have
further interactions with new friends in knowledge exchange platforms. The effect
of financial incentives on the quality of engagement behaviors will require research
in the future. Second, we only study the spillover effects of financial incentives for
a period of four months because of data availability. Whether the spillover effects
will sustain in a longer time period warrants further study. Notably, this question is
essential for website managers because the financial incentive-based feature moti-
vates users to participate in other online activities for a certain period of time,
which may become ineffective once users no longer receive financial rewards or
receive adequate financial rewards from the website. Third, although we have used
propensity score matching in tandem with the difference-in-differences estimation,
we acknowledge that users’ selection into the feature adoption may still pose an
endogeneity concern that is not fully resolved. To fully resolve such an endogeneity
issue, a randomized field experiment may be required, and future research may
explore this direction to further uncover the spillover effects of financial incentives.

Conclusion

Leveraging a unique data set from an online knowledge exchange platform, we
conducted a difference-in-differences analyses combined with propensity score match-
ing to analyze the spillover effects of introducing financial incentives to the platform
on users’ engagement behaviors. The empirical results from our study suggest that the
financial incentives not only have a positive effect on incentivized engagement, but
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also have spillover effects to users’ other desirable non-incentivized online engage-
ment behaviors, such as further knowledge sharing and social engagement on the
platform. Our study extends prior literature by improving our understanding on the
overall positive effect of financial incentives above and beyond their first-order out-
comes. Given the divergent industry practice in using financial incentives for user
engagement, our research provides empirical evidence in support of using financial
incentives in practice, as they can be used as an effective strategy to nurture users, to
seed content, and to enhance sociality of a digital platform.
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NOTES

1. Consistent with the extant literature [17], we use “asker” to refer to users who ask
questions and “answerer” to refer to users who answer questions.

2. In the fan club meeting on May 14™, 2016, Zhihu announced that it will launch of the
“Zhihu Live” feature (http://tech.sina.com.cn/i/2016-05-14/doc-ifxsenvm0417657.shtml).
And the launching time of the first “Zhihu Live” on the website was May 16 2016.
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Supplemental data for this article can be accessed on the publisher’s website.
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