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Abstract

This study examines two types of crowdfunding mechanisms, namely, the fixed and the flexible
funding mechanisms. Under the fixed funding mechanism, the pledges are returned to the backers
if the crowdfunding project fails (All-or-Nothing), while under the flexible funding mechanism,
the creators are given an opportunity to keep all the raised pledges irrespective of whether the
project achieves success(Keep-it-All). According to the basic model built for these two funding
mechanisms, under each mechanism, we investigate the pledging strategies of the backers as well
as the expected profit of the creator. These investigations can effectively guide the decision makers
during the crowdfunding activities. Subsequently, we generalize our models by considering the
product qualities, and the main results are shown to be consistent with those derived in the basic
model. Finally, we provide several interesting extensions of our studies on the fixed and the flexible
funding mechanisms, including the following cases wherein: (i) the warm-glow takes effect, (ii)
the number of backers varies, and (iii) the flexible funding mechanism is incentivized by penalties.
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1. Introduction

Crowdfunding is a new external financing approach adopted by the startups to raise initial
capital for their ventures from interested backers (Cassar 2004; Kuppuswamy and Bayus 2018). It
offers a wide range of benefits to the entrepreneurs. For example, it can help to evaluate the market
demand to avoid potential losses (Agrawal et al. 2014; Chemla and Tinn 2017), which commonly
emerge as a result of the application of the traditional methods of financing. In addition, it can

also attract the public attention for future development (Mollick 2014). Despite serving as a
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new way of financing, crowdfunding has experienced rapid growth during the past decade. The
crowdfunding industry was estimated to be valued at more than $300 billion by 2015, and it is

predicted that crowdfunding will surpass venture capital in 2020*.

Various forms of crowdfunding have emerged such as the reward-based, donation-based, lending-
based, and equity-based crowdfunding (Mollick 2014; Paschen 2017), and the main difference be-
tween these forms lies in the returns paid to the investors. For example, the investors usually get
products or services from the reward-based crowdfunding, while they get equity stakes from the
equity-based crowdfunding. Among all these different types of crowdfunding, the reward-based
form dominates in the market. In a typical reward-based crowdfunding project, the entrepreneurs
(creators) first solicit financial pledges from the investors (backers) to meet a crowdfunding target
within a given time period. Subsequently, they start their businesses if they manage to raise
enough funds from the backers. When the project ends, the backers are provided with products

or services in return.

It is clear that the implementation of a reward-based crowdfunding project is affected in several
ways. For example, the project target, one of the most important characteristics of a project, is
essential to a project’s success rate; however, it must be noted that it might be unlikely to meet a
high target, while a low target might likely result in non-delivery (Mollick 2014). In addition, the
scale of the creator’s social network also has significant effects on the project performance (Zheng
et al. 2014). In this study, we will focus on the impacts of refunding policies on the implementation
of a reward-based project, wherein a refunding policy is simply a pre-announcement on what the

creators will do with the raised funds if the project fails.

Concerning refunding policies, Indiegogo, one of the most popular reward-based crowdfunding
platforms in the United States, offers two crowdfunding mechanisms to the creators to launch their
projects. The first mechanism is called the fixed funding mechanism, under which the creators
return the pledges to the backers if the crowdfunding project fails (All-or-Nothing), that is, the
project is unable to raise enough funds from the backers on time. While in the second mechanism,
referred to as the flexible funding mechanism, the creators can choose not to refund and keep

all the raised funds even when the project fails (Keep-it-All)%. Intuitively, compared to the fixed

Thttps://www.forbes.com /sites/chancebarnett/2015/06 /09 /trends-show-crowdfunding-to-surpass-VC-in-2016

2(1) Most of the existing crowdfunding platforms choose to adopt the fixed funding mechanism. (2) Crowdfund-
ing platforms such as Lendingclub.com and Kiva.org are adopting the flexible funding mechanism. (3) Indiegogo
applies a mixed strategy where the creator can choose either the fixed or the flexible funding mechanism.



funding, the flexible funding brings more uncertainties for the backers due to the Keep-it-All policy
(Strausz 2015) and lowers the pledging probability of the backers. However, as shown later, the

fixed and the flexible funding mechanisms have their own strengths under certain circumstances.

In this study, we will try to compare the fixed and the flexible funding mechanisms analytically
and subsequently guide the creators in their mechanism choices. The main contributions are

summarized as follows.

First, our work enriches the very limited literature on the flexible funding mechanism. During
the investigation, we first develop static models to describe the fixed and their flexible funding
mechanisms, wherein the uncertainty generated through flexible funding is embedded as distrust
of the backers on the project. By comparing the expected profit derived from each mechanism, we
provide the creators with appropriate refunding strategies. The main results show that the flexible
funding mechanism is preferred when the unit production cost of the project and the distrust level

of the backers are low.

Second, as a generalization, we take the product quality into consideration and subsequently
analyze the refunding strategies of the creators under different quality levels. The product quality
is assumed to be either exogenous or endogenous. The main results are shown to be consistent with
those in the basic model. Interestingly, we find that the creator always provides the backers with
high-quality products under the flexible funding mechanism in the endogenous case; additionally,

the creator offers high-quality products when the distrust level is high.

Third, we have successfully extended our studies by integrating the concept of warm-glow with,
considering multiple backers, and introducing incentive strategies to the flexible funding mech-
anism. Besides the mathematical analyses, we also provide several interesting business insights
behind each extension. For example, we conclude that the charitable projects usually prefer the

flexible funding mechanism due to the warm-glow effect in crowdfunding.

This paper is organized as follows. The main problem and basic models are described in section
3. Section 4 introduces the product quality to the basic model, in both the exogenous and the
endogenous cases. Section 5 examines several extensions. 6 concludes this study and provides

several directions for future research.



2. Literature Review

The rapid growth of the crowdfunding industry has attracted the attention of researchers,
and substantial work on various aspects of crowdfunding has been performed. Among all the
existing literature, a majority of research has focused on the factors affecting the success rate of

a crowdfunding project under the fixed funding mechanism (All-or-Nothing).

On the empirical front, researchers have studied various project characteristics that affect
the success rate, including the target of the project (Mollick 2014), the duration for the backers
to pledge (Mollick 2014; Cordova et al. 2015), the creator’s social network (Belleflamme et al.
2013; Shane and Cable 2002), the pledge patterns of backers(Burtch et al. 2013; Fan-Osuala et al.
2018) and the geographic effect (Mollick 2014; Kang et al. 2017). Concerning the analytical side,
Belleflamme et al. (2014) compare pre-ordering with profit-sharing crowdfunding and emphasize
the necessity to build a community wherein backers can get additional benefits from pledging to
the project. Hu et al. (2015) establish a two-period model to study the optimal product and
pricing decisions in the context of crowdfunding. Du et al. (2017) establish a dynamic model
to study the pledging process and show the existence of a “cascade effect” driven by the all-or-
nothing nature of crowdfunding projects. They also propose several contingent stimulus strategies
and show that the benefit is greatest in the middle of a project. Roma et al. (2018) study whether
an entrepreneur should run a crowdfunding project when facing a need for venture capital (VC).
Their works reveal that crowdfunding helps an entrepreneur to study the demand in the market,
while crowdfunding failure sends a negative signal that negatively affects the entrepreneur’s access
to VC. Unlike these analytical works that mainly analyze the different aspects of the fixed funding
mechanism, our work theoretically investigates the flexible funding mechanism and compares it
with the fixed funding mechanism. We focus on the differences and the relative performance
between the fixed and the flexible funding mechanisms and aim to guide the creator in their

mechanism choices.

As a supplement, we need to point out that the All-or-Nothing strategy is also widely studied
in other areas such as group-buying. Anand and Aron (2003) compare the grouping buying
mechanism with traditional post-price mechanisms under demand uncertainty with different forms.
Jing and Xie (2011) examine whether group-buying strategy offers more profit compared to the
conventional selling strategy in the setting of facilitating consumer social interaction. Hu et al.

(2013) studies whether the sequential group-buying mechanism leads to a higher success rate when



compared to the corresponding simultaneous mechanism. Liang et al. (2014) develop a two-period
model to study the group-buying mechanism in a dynamic way and show that the success rate and
the customer surplus increase with an increase in the information quality. Wu et al. (2015) study
the threshold effects before the target is reached and subsequently in the group-buying deals.
Yan et al. (2017) study the impact of asymmetric information on the purchasing behaviors of the
retailers. They develop the model with two competing retailers and show that both the informed
and the uninformed retailers prefer group-buying when the discount is relatively low. Tran and
Desiraju (2017) investigate whether the manufacturer wants the retailer to adopt group-buying
mechanism with asymmetric information and show that the manufacturer earns more benefits

under this mechanism.

Contrary to the existing literature, due to the Keep-it-All policy, it is hard to define “success”
in a project with the flexible funding. In order to compare the fixed funding mechanism with the
flexible one, we will shift our focus toward evaluating the expected profit earned by the creator
instead of the success rate of a project. The funding mechanism with a higher expected profit is

preferred by the creator.

The related literature to the flexible funding mechanism is very limited. Cumming et al.
(2015) empirically find that the fixed funding ensures that the creator does not start a project
with unrealistic low capital and that flexible funding is more useful when the creator can scale own
business. They also show that all projects of non-profit organizations use the flexible funding.
These results are consistent with our theoretical analysis. Chemla and Tinn (2017) focus on
the moral hazard problem in the All-or-Nothing and Keep-it-All mechanisms and show that the

All-or-Nothing mechanism is more efficient than the Keep-it-All mechanism.

Our theoretical work is closest to Chang (2016). They study pure public good projects under
the fixed and flexible funding mechanisms in the common value environment wherein backers
privately receive signals about the common value and subsequently decide whether to pledge or
postpone purchase to the retail stage. In their work, the entrepreneur also uses crowdfunding as
a tool to learn the market value of own project. Compared to their public good setting wherein
backers eventually buy the product in the funding stage or the retail stage, we focus on the
projects that bring new products to the market, and backers decide whether to invest based on
the utility they expect to obtain from pledging to the project. Our results are more practical; for

example, we offer an incentive strategy for the platform, similar to another strategy once adopted



by Indiegogo, to enhance the attractions of the flexible funding by imposing a penalty on the

creator when his project fails to reach the target.

3. Basic Model

In this section, we will establish basic models to describe the fixed and the flexible funding
mechanisms and subsequently analyze the decision strategies of the creator and their resulting

impacts on the backers.

Usually, in a reward-based crowdfunding project, first, a creator posts about own crowdfunding
project on a crowdfunding platform. This post presents the detailed characteristics of the project,
which include target amount K, fixed time horizon T, pledging price p for a unit product, and
its unit production cost ¢. Along with presenting the detailed characteristics of the project, the
creator is also required to announce a crowdfunding mechanism to declare the manner of returning
the pledge to the investors (backers) when the project ends. After the announcement, the backer
arrives at the platform and decides whether to pledge at price p based on own valuation 6 of the

project. Both the creator and investor aim to maximize their expected utilities (profits).

Our goal in this study is to investigate two existing crowdfunding mechanisms, that is, the
fixed and flexible funding mechanisms. To strengthen our focus on the comparisons between the
two mechanisms, in the basic model, we assume the following: (i) there are only two potential
backers in the market, (ii) the valuations € of the two backers are i.i.d. with a uniform distribution
over interval [0, 1}, and the uniform distribution is common knowledge to the platform; and (iii)
there is no opportunity cost. To be specific, the former two assumptions are widely applied in
the group-buying and crowdfunding literature (refer to Jing and Xie 2011, Belleflamme et al.
2014, and Hu et al. 2015), and we relax the first assumption to n potential backers in Section
5.2 as an extension. The third assumption indicates that the two backers arrive at the platform

simultaneously.
Now, we formally introduce the fixed and the flexible funding mechanisms as follows.

Fixed Funding. Under the fixed funding, a project succeeds only if both backers pledge; oth-
erwise, the raised funds are returned to the backers (All-or-Nothing). Subsequently, the pledging
utility of a backer can be denoted as u; = 6 — p. In this case, each backer will pledge if and only if
u; > 0, that is, 6 € [p, 1]. By noting that 6 follows a uniform distribution over [0, 1], we have that

the pledging probability of each backer is (1 — p) and the success rate of the whole crowdfunding

6



project is (1 — p)2. Since the unit profit of a product is (p — ¢), the expected profit of the creator

under the fixed funding can be expressed as
mi=(1-p’x[2(p—0¢)], 0<c<p<1. (1)

Flexible Funding. Under the flexible funding, a creator can keep the raised funds even if
the project fails, that is, if the target K is not achieved in the end (Keep-it-All). In this case,
the backers will not trust the creator owing to the latter’s incentive to abandon the project and
escape with the former’s pledges, and this distrust, in turn, would lower the valuations of the
backers on the project. By denoting the distrust level as o, we can express the pledging utility
of a backer as u, = (1 — o) — p. In this case, each backer will pledge if and only if u, > 0, that
is, 0 € [p/ (1—-o0), 1}. Similar to the fixed case, we have that the pledging probability of each
backer is (1 —p/(1 — o)), and the expected profit of the creator earned from each pledged backer
is (1 —p/(1 —0))(p — ¢). Therefore, the total expected profit of the creator under the flexible
funding is simply

p
-0

7Te:2><[<1— >(p—c)],0§c§p§1,0§a§1—c. (2)

Without the loss of generality, we assume that 0 < ¢ <1 and 0 <o <1 — ¢, under which the
flexible funding project is profitable, that is, 7. > 0. We can further divide the expected profit
T into the following two parts: the part when both the backers pledge (BBP) and the part when
only one backer pledges (OBP), that is,

ne:(1—1f0)2[2(p—c)]+2 P (1- Lo (3)

-0\ 1-0
From (3), we can see that the BBP part of 7, can be regarded as a generalization of m;, wherein

the o does not have to be necessarily 0, while the OBP part is an additional profit due to the

feature of Keep-it-All in the flexible funding mechanism.

When facing the fixed and flexible funding mechanisms, a creator can choose either one to
start the crowdfunding project and subsequently decide the optimal pledging price p to maximize
own expected profit. The following Lemma 1 summarizes the optimal pledging prices and the

corresponding expected profits of the creator under each funding mechanism.

Lemma 1. Denote the optimal pledging price and the resulting expected profit of the creator as p



and 7, respectively. We have that?
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As we can see from Lemma 1, the optimal pledging prices and the expected profits of the creator
are decided by the unit production cost ¢ and the distrust level o. According to the expressions of
p, we can derive the resulting pledging probability w of each backer and the unit profit p earned by
the creator from each pledged backer. Subsequently, we study their monotonicities and convexities

in ¢ and o; the main results are shown in Corollary 1.

Corollary 1. Given the optimal pledging price p, we have that the unit profit p = p — ¢ and the
pledging probability w =1 —p/(1 — o) (0 =0 in the fized funding); subsequently,

(i) pi and p. are linearly increasing in c; p. is linearly decreasing in o;

(i) p; and pe are linearly decreasing in c; p. is linearly decreasing in o; the unit profit gap
Ap = p; — pe 18 linearly increasing in c; and

(ili) w; and w, are linearly decreasing in c; and w, is decreasing and concave in o.

Figure 1: Monotonicities and Convexities in ¢ and o

The main results of Corollary 1 are intuitive; for example, when the unit production cost ¢
increases, the resulting optimal pledging prices will also increase, while the pledging probabilities

will decrease; when the distrust level o is high, the creator will tend to lower the pledging price

3In the remainder of this study, subscripts ¢ and e represent the situations of adopting the fixed and flexible

mechanisms, respectively.



to enhance the pledging probabilities of the backers. We would like to elaborate some additional
factors as follows. First, p increases in ¢ while the growth rate is smaller than the unit production
cost; thus, the unit profit p = p — ¢ decreases in c. In addition, the growth rate of p; is larger than
the growth rate of p. in ¢; consequently, Ap (Ap = p; — pe) increases in c. Second, w, decreases
in o, that is, the negative impact of the distrust dominates, even though the creator lowers the

pledging price. One can refer to Figure 1 for a better understanding of the Corollary 1.

From Lemma 1 and Corollary 1, we know that the distrust level ¢ and the unit production
cost ¢ jointly determine the optimal pledging price p and the resulting expected profit 7. To
compare the two mechanisms, we adopt the control variates method by first fixing the value of
o and subsequently observing the changes of p and 7 according to the change in ¢. The detailed

results are shown in Proposition 1.

Proposition 1. For any given o, there exists two indifferent unit production cost thresholds c;
and cy, with ¢y < co, such that

(1) ps < Dpeif c < cy; and, p; > pe if ¢ > c1; and (i) T < e if ¢ < ¢o; and, T > T if ¢ > co.

Proposition 1 indicates that, for a given distrust level o, when c is low, the optimal pledging
price and the expected profit under the fixed funding would be lower than those under the flexible
funding; additionally, when c is high, the results are opposite. Particularly, when ¢ is in the middle
of ¢; and ¢y, the flexible funding would lead to a lower pledging price, while its expected profit
would be higher when compared to the fixed funding. We refer to ¢; and ¢, as the price-indifferent
and the profit-indifferent thresholds of the unit production cost, respectively, in the fixed and the

flexible funding mechanisms.

Corollary 2. For any given o, we have that

(i) Zf% <o <1, thency =cy =0, and 71; > 7. always holds, that is, the fized funding is preferred;
(ii) z'f% <o< %, then 0 = ¢1 < ¢o < 1, and p; > pe always holds; and

(i) f 0 <o < %, then 0 < ¢y < ¢ < 1. Particularly, if o = 0, then ¢; = co = 1, and m; < 7,

always holds, that is, the flexible funding is preferred.

Corollary 2 shows that: (i) when the distrust level is high, the creator will always choose the
fixed funding mechanism to maximize own expected profit; (ii) when the distrust level is medium,
either the fixed or the flexible funding would be preferred by the creator; and (iii) when the backers

totally trust the creator, the creator would consider the flexible funding mechanism as optimal.



To better study the joint impacts of ¢ and ¢ on the mechanism choice of the creators, by
increasing o from 0 to 1, we derive the price-indifferent and the profit-indifferent curves for the

fixed and flexible funding mechanisms. The curves are shown in Figure 2.
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Figure 2: Optimal Strategy with Different Values of ¢ and o

In Figure 2, the two-dimensional space formed by ¢ and o is separated into three parts by
the price-indifferent and profit-indifferent curves. Specifically, the part I represents the subspace
wherein p. and 7, are both higher; part II represents the subspace wherein p. is lower, while 7,
is higher; and part III represents the subspace wherein p; and 7; are both higher. It must be
noted that the area above the profitable boundary is associated with inequality ¢ > 1 — ¢, which
represents the area wherein the flexible funding is unprofitable, and the fixed funding is the only
choice for the creator. The following are some deep insights gained from the three parts introduced

earlier.

First, part I suggests that the flexible funding is popular in low-distrust projects. This can
explain why the flexible funding is widely used in charitable activities on platforms such as In-
diegogo. For such charitable crowdfunding projects, the backers often pay for moral satisfaction
and ignore the potential fraud. Typically, the rewards of charitable activities comprise inexpen-
sive souvenirs, such as T-shirts, which incur minimum production costs but have high memorable

value.

Second, part II suggests that the distrust does not always damage the interest of backers
under the flexible funding. Specifically, there exists a subspace wherein the creator can get a

higher expected profit and the backers can get the products at a lower price, under the flexible
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funding. The creator is aware that the distrust of the backers will affect their valuation and lower
the pledging probability; hence, the creator will lower the pledging price to enhance the pledging
probabilities of the backers.

Third, part III indicates that the backers will not pledge to a project with a high distrust level,
regardless of the unit production cost. For such high-distrust projects, the fixed funding mecha-
nism is considered better for creators to raise capital. A relevant phenomenon in crowdfunding is
that most of the platforms adopt fixed funding as the only funding mechanism (e.g., Kickstarter,
GoFundMe, and Teespring). This can be attribute to the fact that the backers have low trust on
these platforms as well as the creators because of asymmetric information. After a platform is

recognized by the public, the flexible funding mechanism can become an alternative mechanism.

4. Product Quality

As discussed in Section 1, crowdfunding is mainly used for start-ups to launch their new
products. Usually, such products are new to the market, and most of them are unavailable in
other channels and will not be produced again. In this case, the backers care about the product

quality when making pledging decisions.

In this section, we take the product quality into consideration to compare the fixed and the
flexible funding mechanisms. In Section 4.1, we focus on the case of exogenous quality, while in

Section 4.2, we shift our focus to the endogenous case.

4.1. Ezogenous Quality

Suppose that the creator offers a product with an exogenous quality ¢q. By following some
existing literature (refer to Guo and Zhang 2012; Hu et al. 2015), we assume that the unit
production cost with quality ¢ is ¢*/2. Additionally, we let 0 < ¢ < 2 to ensure that the unit
production cost is within [0, 1} , which is consistent with our parameter setting of ¢ in the previous

section.

We formally introduce the fixed and the flexible funding mechanisms with exogenous product

quality as follows.

Fixed Funding with Exogenous Product Quality. Similar to the basic case studied in
Section 3, the pledging utility of a backer can be denoted as u{* = 6q — p. Since 6 uniformly

11



distributes over [0, 1}, we have that the pledging probability of each backer is (1 — p/q) and the
success rate of the project is (1 — p/q)z. By noting that the unit profit is now (p — q2/2), we
can express the expected profit of the creator under the fixed funding mechanism with exogenous

product quality as

q2

W?:(l—gfx[mp—aﬂ,ogqu. ()

Flexible Funding with Exogenous Product Quality. In the flexible funding mechanism
with exogenous product quality, the distrust level o defined in the basic model can be regarded by
the backers as a signal of low product quality. Compared to the fixed funding mechanism wherein
the All-or-Nothing strategy motivates a creator to improve product quality to attract backers, the
incentive is relatively lower in case of the Keep-it-All strategy. Sunbsequently, by integrating the
quality factors o and ¢, we can express the pledging utility of each backer as u¢* = 6(¢—o)—p. In
this case, each backer will pledge if and only if u, > 0,that is, 6 € [p/ (q— o), 1} , and the backer’s
pledging probability is (1 — p/(¢ — o)). Therefore, the expected profit of the creator under the

flexible funding with exogenous product quality would be

2 2

p q q
) [(1— ) ——],0< <2 0<o<qg-L. 5
e X q_a(p 5) 0=4<2 0<0<qg—7 (5)

Similar to what we have done in the basic model, we still assume that 0 < 0 < ¢ — ¢*/2, under
which the flexible funding is profitable for the creator, and we can still divide 7, into the BBP
and OBP parts, that is,

2 2

wr = (1= 22) xpo- Dl (1- - D). (6

When facing the fixed and flexible funding mechanisms, the creator can choose either of the
mechanisms to launch own project and decide the optimal pledging price p to maximize own
expected profit when the product quality level is exogenous. The following Lemma 2 summarizes

the optimal pledging prices and the corresponding expected profits under each mechanism.

Lemma 2. Denote the optimal pledging price and the resulting expected profit of the creator in

the exogenous case as p* and 7, respectively. Subsequently, we have that

(29 — ¢* — 20)?

o _ 0044 o a2-9) . 20+¢ -2
8(q — o)

and T." =
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As we can see from the Lemma 2, when the exogenous product quality is considered, the

optimal pledging prices and the expected profits of the creator are jointly decided by the product
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quality ¢ and the distrust level o. According to the expression of p®*, we can derive the resulting
pledging probability w® and the unit profit p®® earned from each backer. Subsequently, we can

study their monotonicities and convexities in ¢ and ¢. The main results are shown in Corollary 3.

Corollary 3. Given the optimal pledging price p=*, we have p*® = p°® — ¢*/2 and W™ = 1 —
" /(q — o) (0 =0 in the fized funding), subsequently,

(1) p&* and pe* are increasing and convex in q; p* is linearly decreasing in o;

(il) pe®, p&* and p&* — ps* are concave and are unimodal functions of q; p<* is linearly decreasing
m o; and

(i) we®

¢ 4s linearly decreasing in q, and wi® is a concave and unimodal function of q if o > 0, or

linearly decreasing in q if o0 = 0; we® is decreasing and concave in o.

Compared to the basic model, by noting that the unit production cost is now ¢?/2 instead of ¢
and the distrust level o is integrated with the quality level ¢, we can analytically explain the above
results as in Corollary 1. For example, the optimal pledging price is convex and increasing in ¢,
while it is linearly increasing in ¢; this is because ¢ = ¢*/2. In Figure 3, we show two numerical

examples wherein o = 0.3 and g = 0.8, respectively, for a better understanding of Corollary 3.
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Figure 3: Monotonicities and convexities in ¢ and o

To study the joint impacts of the distrust level o and the product quality ¢ on the optimal
pledging price p** and the resulting expected profit 7¢*, we first adopt the control variates method
by letting ¢ = ¢. Subsequently, there exists a price-indifferent threshold of distrust o, (i.e.,
p¢"(q) = pe®(q,01)) and a profit-indifferent threshold of distrust o> (i.e., p{"(q) = p"(q, 02)).

By increasing ¢ from 0 to 2, we drove the price-indifferent and the profit-indifferent curves for

13



the fixed and flexible funding mechanisms. Denote the upper bounds of o, and o5 as o, and o,

(01 < 03), respectively, then we have Proposition 2.

Proposition 2. For any given o, we have that

(i) if 0 > o1, then p&* < p§*; if o > o9, then & < 7E*;

(ii) if o < o1, then there would exist two indifferent product quality thresholds ¢ and ¢ such that
P> P if b < q < g, and pET < pS* otherwise; and

(iii) if 0 < o9, then there would exist two indifferent product quality thresholds ¢ and ¢ such

that 7 > 7% if ¢4 < q < q¥, and 7 < 7 otherwise.

Proposition 2 indicates that, for a given distrust level, o, when the product quality ¢ is medium,
the optimal pledging price and the expected profit, under the flexible funding mechanism, would
be higher than those under the fixed funding mechanism; additionally, when ¢ is low or high, the
results would be opposite. Particularly, when ¢ is in the middle of o; and o9, there exists an
interval of ¢ wherein the flexible funding results in a lower pledging price, while its expected profit

is higher when compared to the fixed funding.

To get more insights from Proposition 2 and Corollary 3, we show the indifferent curves in
Figure 4 wherein the vertical axis represents the distrust level o and the horizontal axis represents

the product quality level ¢q. Part I, I, and III in Figure 4 are consistent with Figure 2.

0.6 T T T T T

— profit-indifferent - - price-indifferent - profitable boundary

04 b |

III

Figure 4: Optimal Strategy with Different Values of ¢ and o
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4.2. Endogenous Quality

It is usual that a reward-based crowdfunding project can choose to offer several types of
products with different prices to the backers. In this section, we treat the product quality as an

endogenous decision for the creator.

From Lemma 2, we know that, for any given product quality level, ¢, the respective expected

profits under the fixed and flexible funding mechanisms are

2 g)3 2 — ¢% — 20)?
e~ 12 =) e (204 U),0<q<2,0<0<1/2,

‘ 8(q — o)

, where we let 0 < 0 < 1/2 to ensure that the flexible funding mechanism is associated with a

positive expected profit. Since the quality level is endogenous, the distrust level o would be the
unique exogenous factor left. Thus, the creator would decide the product quality and the pledging
price in order to maximize the expected profit under either of the funding mechanisms based on

the value of 0. We summarize the main results in Lemma 3.

n en

Lemma 3. Denote the optimal product quality, pledging price, and expected profit as ¢°*, p*, 7",
respectively. In the endogenous case, we have that

(i) under the fized funding, ™ =1/2, pi* =1/4, and 7" = 1/16; and

(ii) under the flexible funding, ¢ = (1 + 20 + V1—20+40?%)/3, p" = (24 + (¢")* —
20)/4 and 7" = (2¢" — (¢2")* — 20)?/(8(¢c" — o). Specifically, G is increasing and convez in

o, pdt is convex in o, and 7" is convex and decreasing in o.

According to Lemma 3, we can compare the fixed and the flexible funding mechanisms adopted
by the creator. The analytical results are shown in the Proposition 3 and the illustrative figures

are shown in Figure 5.

Proposition 3. When the product quality is endogenous, we have
(i) g™ < q¢&; (ii) ps™ < p*; and (iii) there exists a unique o* such that 7" > 7" if 0 < o*, and

Zen ~Een o *
at <@ if o > o

Proposition 3 and Figure 5 show that the creator will always provide the backers with higher-
quality products under the flexible funding, even if the resulting pledging price is higher due to
a larger unit production cost. In some sense, this indicates that the flexible funding mechanism

with distrust can benefit the backers by facilitating the delivery of high-quality products. In terms
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Figure 5: Product quality, pledging price, and expected profit with different values of o

of the expected profits earned from each funding mechanism, the results are consistent with those
in Proposition 1, which claim that the fixed and flexible funding mechanisms each has its own

strengths in certain situations.

5. Model Extensions

In this section, we discuss several extensions to our models to get a deeper understanding of
the differences between the fixed and flexible funding mechanisms. To strengthen our focus on
each extension, in each subsection, we analyze the impacts of different factors based on the model

studied in Section 4.1 wherein the product quality is exogenous.

5.1. Warm Glow

In the previous two sections, it is assumed that the backers are self-interested. In such cases,
if a backer’s valuation, coupled with the product quality and the distrust level, of the project is
larger than its pledging price, then the backer will pledge. However, in practice, there may exist
some non-economic effects that may stimulate the backers to pledge, including the well-known
warm-glow effect. To the best of our knowledge, the concept of warm-glow was first proposed by
Becker (1974); subsequently, Andreoni (1989, 1990) used the concept to explain why individuals

are motivated to pledge voluntarily for the charitable activities.

In simple words, warm-glow provides individuals (backers) with additional utilities while pledg-
ing, and the additional utilities are usually assumed to be proportional to the pledging price (An-
dreoni 1990; Hu et al. 2015). Thus, if the project succeeds, then we can reformulate the pledging

utilities of a backer under the fixed and flexible funding mechanisms as u;Y = ¢ — p + Ap and
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u?? = 0(q— o) — p+ Ap, respectively, wherein A represents the magnitude of the warm-glow effect.
Subsequently, we can derive the respectively expected profits of the creator under the fixed and

flexible mechanisms shown as

w p(l— A))2 q* p(1 =) ¢’
= (1- B2 < 2o D)) and mer = 2(1- B =20 (p- ).

R [2(p— 5] and = =) (-5
As we can see from the expressions of u; ¢ and 27, in view of the backers, the warm-glow effect
can be simply regarded as a discount on the pledging price, that is, a deduction of the pledging
price from p to (1 — )\) p while the unit profit earned from each pledged backer is still p — ¢*/2.
In this regard, it is intuitive that, compared to the original case, the optimal pledging price p*9
posted by the creator, the unit profit p** earned from each backer, the pledging probability w™9,

and the expected profit 79 of the creator will witness an increase. We summarize the main results

in Lemma 4.

Lemma 4. With the warm-glow effect, we have (i) p;? and p¥9 are increasing and convezr in \;

(i) p"9 and p¥9 are increasing and conver in A; (iii) w;"? and W9 are linearly increasing in \;

wg

and (iv) 7,7 and 79 are increasing and convex in \;

Similar to Sections 3 and 4, we can also study the monoticities and convexities of p*9, p*9
and w™ in ¢ and 0. The detailed analyses are omitted for simplification, and one can refer to
Appendix for gaining further understanding. It would be sufficient to state that the results in

Corollary 3 still hold with the warm-glow effect.

Lemma 5. With the warm-glow effect, for any given q, both o1 and o5 increase in \.

As mentioned above, the warm-glow effect can be regarded as a discount on the pledging
price from the perspective of the backers. Therefore, a backer will have a higher tolerance on the
distrust level when making pledging decision than before. In addition, as the warm-glow effect
grows, the price-indifferent and the profit-indifferent thresholds of distrust increases, that is, both

o1 and o0y increase in .

Lemma 5 also helps to explain why the flexible funding is popular for funding charitable
activities. Owing to the existence of the warm-glow effect in charitable activities, the price-
indifferent threshold of distrust o; increases, and the subspace (Part I in Figure 2 or Figure
4) expands to the point where the flexible funding dominates the fixed funding in terms of the

expected profit. Particularly, when A is close to unit one, we have Corollary 4 shown as follows.
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Corollary 4. When X is close to unit one, we have that

;Y 2q T 164
lim —z = ——, and lim 7 = .
A1 Pe 3(q — o) A1 Tre 27(q — o)

If the distrust level is very low (equal to 0) in projects such as charitable activities with
thorough altruism backers, the optimal pledging price set by the creator in the flexible funding
would be 50% higher than the one in fixed funding. As a result, the creator can earn an additional

68.75% by adopting the flexible funding mechanism.

5.2. Multiple Backers

We now consider the case wherein there are n (n > 2) potential backers in the market, and
a project will succeed if all of the n backers choose to pledge. Subsequently, we can derive the
respective expected profits of the creator under the fixed and flexible funding mechanisms as

follow:
2 2

W= (=) - )] (- =) - %)
where o(n) is an increasing concave function in n to capture the increasing distrust level of the
backers in the flexible funding mechanism since the project is more unlikely to succeed when more
backers are involved. In fact, under the same individual pledging probabilities of the backers, the

success rate of the project decreases exponentially in n.

According to the expressions of 7 and 72, we have the Proposition 4 showing how the number
of potential backers will affect the optimal pledging price p(n) and the optimal expected profit

~

7(n).

Proposition 4. When there are n potential backers in the market, we have that
(i) pY¥(n) and pY(n) are decreasing in n;

(ii) #N(n) is concave and unimodal in n, and the optimal n* is given by equality

1 1
2—q:2€F<1+—0, (7)
n

~N

where pY (n), 7N (n), pY(n) and 7N (n) are equal to

o n(2q — 20(n) — ¢*)
4 ’ 16(q — o(n))

q(2+nq) /2n—ng\"+*' 2q+ ¢* — 20(n) .
( ) , , respectively.

2(1+n)" \ 2n+2
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As mentioned above, when n increases, the success rate of the whole project decreases even
with the same individual pledging probability of each backer. Hence, to offset such a reduction of
success rate, the creator tends to decrease the pledging prices to pursue higher expected profits.
The second part of Proposition 4 shows the monotonicity of the expected profits in n under the
fixed funding; in other words, when n is relatively small, more backers will bring more profit for
the creator, while the results are opposite when n is large. The optimal number of backers is n*

to the creator.

We need to point out that, since there is no explicit expression of o(n), it is hard to study the
monotonicity of 72 (n) as well as the analytical comparisons of the fixed and the flexible funding

mechanisms.

We now investigate the limiting case wherein there is an infinite number of backers. The results

are shown in Corollary 5.

Corollary 5. When the number of backers n goes to infinity, we have that
(i) under the fized funding,

2
lim pN(n) = q—, lim 7 (n) = 0;
n—o0 2" n—ooo

(i) under the flexible funding, by letting o(1) =0 and lim, . o(n) = ",

n—oo

2 9 2 _ 9N 20 — 25N — o2)?
limﬁév(n):max{q— a+4q ? }, lim ﬁN(n):max{O, (20— 207 — o) }

n—o0 2’ 4 ¢

N
e

Specifically, if o > q — ¢*/2, then lim,_,o 7N (n) = 0; otherwise, if o < q — ¢*/2, the expected

profit is positive.

Corollary 5 shows that, under the fixed funding, when there is an infinite number of backers,
the expected profit of the creator is zero and each backer is exactly charged with ¢?/2 that covers
the unit production cost. Under the flexible funding, there exists a threshold ¢ — ¢*/2 of the
limiting distrust level above which the flexible funding is not profitable. We want to elaborate
that the threshold ¢ — ¢?/2 is consistent with that in Section 4.1 because the expected profit
earned from each pledged backer does not change when the number of backers varies*. Hence, the

threshold is still ¢ — ¢*/2.

4This is not the case with the fixed funding mechanism because its success rate decreases with the number of

backers. Hence, the expected profit earned from each pledged backer also witnesses a decline.
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5.8. An Incentive Strategy for Flexible Funding

We know that one “drawback” of the flexible funding, from the perspective of backers, is that
the creator can keep all of the raised pledges even when the project fails; this is because a failed
project is likely to result in non-delivery. Concerning the platform, to enhance the attractions of
the flexible funding, one can impose a penalty on the creator who posts a project with flexible
funding, but the project meets with failure. In this case, the trust of backers on creator will be
strengthened, and the former will get more attracted to a project with the flexible funding. Thus,
even when a project with flexible funding is threatened due to a penalty, its expected profit may,

in turn, increase and the creators may get more incentives to choose the flexible funding.

By denoting the penalty cost of failure as C' and the associating distrust level function of the

backers as o(C'), we can express the expected profit of the creator under the flexible funding as

2 2

WESZQ(l_q—;(;(C)Y(p_%) +2q—];(C) (1_ q—Z(C))(p_%_ )’ (®)

where

2
OSQS2,0§C+0(C)§(J—%.

It must be noted that C' + o(C') is assumed to be less than ¢ — % to ensure that the flexible
funding is profitable. It is natural that o(C') is decreasing in C; additionally, if o(C) is assumed
to be convex in C, then we can characterize the optimal penalty to maximize the expected profit
of the creator under the flexible funding by Proposition 5.

Proposition 5. Suppose that o(C) is decreasing and convexr in C, let C = q — ¢ a(0),

2
C'={C:0(C)=0} and C' = {C : 6(C) = —1}, then the optimal C* of (8) is

(i) C* = min{C°, C}, if o' (C°) < —1; (ii) C* =0, if o' (0) > —1; and (iii) C* = min{C~", C},
if C* >0 and o(C*) > 0.

Simply putting it, Proposition 5 indicates that, when o(C) is decreasing and convex in C, the
optimal penalty C* for (8) always associates with a non-negative point (C*,o(C*)) on curve o(C)
at which the slope is as close to —1 as possible. We now apply the well-known polynomial form

to express the distrust level of the backers, that is,
o(C) = aC? 4+ bC + 0y with a >0, b <0, 0o >0, and o9 — b*/(4a) < 0, (9)

to get a deeper understanding of Proposition 5. In (9), o(C) is clearly decreasing and convex, in

C' in the first quadrant, where C' > 0 and o(C') > 0
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Lemma 6. According to the expression of o(C) shown in (9), we have that

(i) when a = 0, if b > —1, then C* = 0; if b < —1, then C* = min{—o0y/b, C}; otherwise, if
b= —1, then C* is indifferent in [0, 00} ;

(i) when a > 0, if b > —1, then C* = 0; if b < —\/daoo+ 1, then C* = min{(—b—
V02 —4daog)/(2a), C}; otherwise, if —/4aoo +1 <b < —1, then C* = min{(—1 —b)/(2a), C}.

The results of Lemma 6 coincide with those in Proposition 5. Particularly, when o(C') decreases
linearly in C: (i) if the decreasing speed of the distrust level is slow, then the platform will not
impose any penalties; otherwise, (ii) if the decreasing speed is high, then the platform will set the
penalty as high as possible until the resulting distrust level is 0. When o(C) is in a quadratic
form, for any given a > 0, the absolute value of b would decide how steep o(C') is within the first
quadrant. Intuitively, when || is small, then the curve would be relatively flat. Hence, the optimal
penalty is achieved at C* = 0 such that the resulting slope at point (0, 00) is the closest to —1;
however, when |b| is large, the curve is steep, and the optimal point is (C’O, 0) with a slope closest
to —1. One can refer to a numerical example shown in Figure 6, where a = 0.5, 09 = 0.2, ¢ =1,

for a better understanding of Lemma 6.
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Figure 6: Optimal C* with Different Values of b

In fact, Indiegogo once adopted a similar incentive strategy. Under the flexible funding mech-
anism, they set the service fee at 4% of the raised pledges for a successful project while increasing
it to 9% if a project failed. However, they abandoned this strategy not long after. This might
be attributed to the fact that the associating distrust function o(C') is so flat that the effects of

penalty are minor (Figure 6(a)).
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6. Conclusion

In this study, we investigated two types of crowdfunding mechanisms: the fixed and flexible
funding mechanisms and analyzed the mechanism choice and the corresponding operational de-
cisions of the creator under different conditions. We stressed on the uncertainty brought by the
flexible funding mechanism and the resulting distrust of the backers and subsequently studied
their impacts on the creator. Due to the nature of the Keep-it-All policy, we focused on the

expected profit instead of the success rate when we compared the two mechanisms.

Our theoretical analysis contributes to several novel insights. First, the analyses on the basic
model suggest that the flexible funding mechanism yields more profit for the creator when the
unit production cost and the distrust level are both low. Our model offers a possible explanation
why the flexible funding mechanism is widely adopted in charitable projects on the Indiegogo
crowdfunding platform. This explanation is reinforced when we take altruistic reasons into con-
sideration. Second, when we generalize our basic model by considering the product quality level,
we show that the creator will always offer higher-quality products in the endogenous case. To
be more specific, the offered product quality increases in the distrust level. Such results suggest
that the distrust level might benefit the backers in terms of higher-quality products. Third, this
study also offers implications for the crowdfunding platforms. The platforms need to reinforce
the market regulations and select more reliable entrepreneurs to post their ideas. Platforms are
also supposed to adopt some strategies to motivate the creator like charging an extra penalty cost
when the project fails under the flexible funding mechanism. Generally, this strategy is effective

only when the decreasing speed of the distrust level is high.

Although this study offers some insights into the two crowdfunding mechanisms, there still
exist some limitations in our model. For example, in reality, backers enter a project in a different
sequence with different valuations. The uniform distribution assumption can be replaced with
a more general form. Second, there always exists an opportunity cost when a buyer decides to
invest in this project. Such opportunity cost consists of the following two parts—the monetary cost
incurred because the backer could have invested the same amount elsewhere and the psychological
frustration when the backer fails to get the desired product. The role of opportunity cost will be
an interesting extension to crowdfunding for future research. Finally, how to stimulate the creator

under the flexible funding mechanism would be another interesting direction for deeper research.
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7. Appendix

Proof of Lemma 1.

Taking the derivative of (2) and (3), with respect to p yields

dm; dm, 2p —c¢
=2(1 —p)(1 4+ 2c— =2(1— . 1
” (1 —p)(1+2c—3p), ™ 1-7—) (10)
By setting (10) to 0, we have that
R 14+2¢) | l1+c—0
P = ( ) Pe = ( ) (11)

According to (2), (3), and (11), the corresponding maximized profits under the fixed and the

flexible funding mechanisms, respectively, are

ﬁi:<1—1+2c>2(21+20—20> 8(1—c)® (1—c—o0)? (12)

3 3 T T o1 — o)
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Proof of Corollary 1.
Corollary 1(i) is obvious from the expression of p;, p.. It must be noted that ¢ < 1 — ¢ from the
constraint that p. > c.

By (11), we have that

(1+ 2c¢) (1—2c) (1—c—o0)? (1—c—o) (c—1+30)

= —c= o= o= o= 2 (13

r 3 ‘T3 T Thn e o P 6 (13)
1+2¢ 2—-2c (1—c—0) (1—-c—o0)

i =1— = , We=1— = : 14

“ 3 3 Y (2 — 20) (2 — 20) (14)
By taking the first and second order derivative of w, with respect to o, we have

dw. — 1 d*w,
d :—C—<0, Ve ¢ > 0. (15)

do 2 (1—-0)? do?> ~ (1—0)3
Corollary 1(ii) and (iii) are obvious from (13),(14) and (15).

Proof of Proposition 1.

According to (11), denote Ap = p; — p.; subsequently, by setting Ap = 0, we have that ¢; = 1—30.
By (12), denote Am = @; — 7.; subsequently, 7 is a one variable cubic equation of ¢. The
discriminant of this function is

~—T729(1 - 20)%0°

A= 1
1096(1 =0~ (16)

where 0 < 0 < 1 — ¢. Therefore, the three roots of 7 are all real. Take 7 as a function of o and

set m = 0; subsequently, the profit-indifferent threshold of the distrust is

B 19 — 3¢ — 24¢% + 863

5 — 4V4 + 3¢ — 212 + 3 + 33c* — 24¢5 + 4cb. (17)

On

Subsequently, we prove that (17) decreases in ¢. By taking derivative of (17) with respect to c,

we have

do,  6(1—c)*(—1+412c+24¢®> —8¢%) 3+ 48c — 24¢?

de 27+/(4 — ¢)(1 — ¢)3(1 + 2¢)? 27 (18)

2 2
By letting L = |6(1—¢)2(—1+12c+24¢2 —803)] - [(3+480—24c2) /(A=) (1 — (1 + 20)2
and by noting that 3 + 48¢ — 24¢* > 0 and 6(1 — ¢)?(—1 + 12¢ + 24¢® — 8¢3) > 0 when 0 < ¢ < 1,
do
d

proving 2% < 0 is equivalent to proving L < 0.

L = 2187c + 2187¢* — 10935¢% — 2187¢* + 17496¢” — 8748¢° = —2178(1 — ¢)*(1 + 2¢)? < 0.
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Therefore, ¢ is a decreasing function of o,. In other words, for a given o, the profit-indifferent
threshold of unit cost, denoted by ¢y, satisfies (17).

Subsequently, we show that o;(c) < o2(c) because this is equivalent to proving ¢; < co. Let

A = oy9(c) — o1(c)

= (19 — 3¢ — 24c® +8¢%) /27 — 4V4 + 3¢ — 212 + ¢3 + 33ct — 24¢5 + 4c6 — (1 — 3c¢)

= 237[(5 + 3¢ — 122 + 4c) — 24/ (4 — ¢)(1 — ¢)3(1 + 2¢)2].

It must be noted that 5+ 3c—12c* + 4¢3 = (1 —¢)(5 —2¢)(1+2¢) > 0 and (5+ 3c—12¢% +4¢3)? —
4(4 —c)(1 —e)*(1+2¢)* = 9(1 — ¢)*(1 + 2¢)? > 0; therefore, A > 0.

Proof of Corollary 2.

By (17), the profit-indifferent threshold of distrust decreases in ¢. Hence, the upper bound is
achieved when ¢ = 0 and the upper bound is 11/27. Similarly, the upper bound of the price-

indifferent threshold of distrust is 1/3. Hence, Corollary 2 is obvious from the discussion above.

Proof of Lemma 2.
Taking derivative of (4) and (5) with respect to p yields

drs" 2p—q)Bp—q—¢*) dr¥  2q+¢* —20 —4p
dp q> ’ dp o q—o )

(19)

By setting (19) to 0, we have that

~ex q 1+q) ~ex 2Q+q2_20

According to(4), (5), and(19), the corresponding maximized profits under the fixed and the flexible

funding mechanisms, respectively, are

. . (2q — 20 — ¢?)?
7 =q(2 —q)* )27, 7 = 21
2-q)/ e (21)
Proof of Corollary 3.
According to (20), we have that
ex:q(l_{_Q)_f:(Qq_qQ) ex:(2q+q2_20)_Q_2:2q_q2_20 (22)
‘ 3 2 6 4 2 4 ’
1 2 — 2 22 2 —q* —2
Cuie:,gzl_q( +q) _( Q);wzle_ atq 20 _29-gq 2 (23)
3q 3 4qg — 4o 4q — 4o
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Hence, by taking the first and second order derivative of (20), the first order derivative of (22)
and (23) with respect to ¢, we have that

aps® 1+ 2 R ) aps® 242 *per 1
Wil _2F g TP g W 2T TP
dq 3 dq? 3 dq 4 dq? 2
dpi®  2—2q dp 2-2q dwi® —1 < 0. dwe®  q(20 —q)
dg 6 ' d¢g 4 ' dg 3 odg  4(g—0)?
Taking the first and second order derivative of wS”, the yield is
dw® 2 d2 ex 2
Ye 4 > 0; Yo 4 > 0.
do 4(q — o) do? 2(q—0)?

Corollary 3 is obvious from the discussion above.

Proof of Proposition 2.

To make sure that the pledging price and expected profit under the flexible funding are positive, we
assume o < ¢—q*/2. Let p; = p?, we have the price-indifferent threshold of distrust oy = (2g—¢*)/6
with 0 < ¢ < 2. The upper bound of &; is 1/6 when ¢ = 1. Therefore, 7" < 7f* when
o >0, =1/6. When 0 < 0 < oy, letting o = (2¢ — ¢*)/6 leads to the following two real roots:
¢ =1—+1—60 and ¢ =1+ +/1—060. Hence, p=* > p® if 0 < ¢} < q < ¢! < 2; p&* < pe® if
0<g<dgorgt<qg<2.

Following the same logic, by letting 7; = 7., we have the profit-indifferent threshold o5 = 5i4q(2 —

@) (194 8¢ —2¢°) — 3q(1+q)(2 — ¢)/(8 — ¢)(2 — q) when 0 < ¢ < 2. We show that this function

is a concave and unimodal function. Taking derivative of g5 with respect to g, we have

doy 19 —229+4¢°  (2—q)(16 +9q — 30¢” + 4¢°)
dg 27 27/(8—¢)(2—¢)

It must be noted that %|q=0 = 11/27 > 0, %|q22 < 0. Hence, we only need to prove that %

decreases in q. We have

d252 o —1
d* 98— 9)2\/(8 — ¢)(2 — q) A+ 8)

where

A =32 —359q + 297¢* — 64¢° + 4q¢*, B = (8 +95q — 444> + 4¢*)\/(8 — ¢)(2 — q).

We have B > 0 when 0 < ¢ < 2. Let B? — A? = 729¢(64 — 41¢q + 4¢*), where the three real
roots are ¢ = 0,q = 1.92,andq = 8.329. Therefore, A+ B > 0 when 0 < ¢ < 1.92. Moreover,
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32 — 359q + 297¢% — 64¢> + 4¢* > 32 — 359q + 297¢* — 64¢> + 3¢> * 2 = 32 — 359¢ + 297¢> — 56¢° >
32 — 359q + 297¢% — 56¢% * 2 = 32 — 359q + 185¢> > 32 — 359¢q + 185¢ * 1.9 = 32 — 7.5¢ > 0 when

1.9 < ¢ < 2. Therefore, A+ B > 0 when 0 < ¢ < 2, which means d "2 <0 when 0 < ¢ < 2.
Subsequently, we prove that o; < g9, denote

L=0y—0, = 5%(1(2 —q)(19 + 8¢ — 2¢°) — %q(l +9)2- VB —q9)(2—q) — (29— ¢°)/6.

denote AA = (38¢ — 3¢> — 12¢® = 2¢*)/54 — (2q — ¢°*)/6, BB = 27(64¢> + 24¢® — 84¢* + 2¢° +
33¢% — 12¢" + ¢®)'/?, where AA and BB are both positive, It must be noted that A4 = ¢(10 +
3¢ — 64>+ @) = (¢(1+q)(2 — q)(5 —q))/27 > 0, and AA? — BB? = (2 — ¢)%(1 + ¢)%¢*/81 > 0.
Therefore, o5 > 07 when 0 < g < 2.

Suppose o, reaches its maximization of o9 at ¢ = ¢*. It must be noted that os|,—¢ = 02|42 = 0.
Therefore, when o < 3, there exists ¢, and ¢! to ensure that 7 > #¢ if 0 < ¢}, < ¢ < ¢h < 2,

7 < 7 if 0 < g < ¢4(0), or 2 > q > ¢¥(c). This completes the proof.

Proof of Lemma 3.

Taking derivative of (21) with respect to ¢ yields

dig _ 22— q)’(2q—1) di" _ (=20+ ¢ +20)(3¢° + 20 — 29(1 +20))

— = 24
dq 27 ' dg 8(q — 0 )2 (24)
According to (24), (20), and (21), we have that
1 1 1
~en N ~en __ 2
q’L 27 p’L 4 7T7, 16 ( 5)
en 1420 +V1 =20+ 40?
" = 3 (26)
1
P = §(2 + V4 +80(—1+20) +0(—1+20+V1-20+40?)) (27)
2
on 2(V40?=20+1—0 (V402 =20 +1+20+2) +1) (28)
T =
‘ 27 (VAo? =20 +1—0+1)

Taking derivative of (26) yields

d*”_l( 80 — 2 )
de 3\ 2402 — 20 + 1
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By noting
d2 Aen 1

dge™ 1
= >0 d —=|,-0==>0,
d02 (40?2 — 20 + 1)3/2 A s lo=0 3

¢¢" is increasing and convex in o. Taking the first and second order derivative of (27) yields

dpe” 80 + (4o —1)Vo?2—20+1 +50—1
do 9v4do? — 20 + 1

Pper 320° + (160° — 80 4 4)V/40? — 20 + 10? — 240% + 150 + 4
do® 9 (402 — 20 +1)*/2 ‘

U = 320" + (160% — 80 + 4)V402 — 20 + 10% — 240 4 150 + 4 > 0.
By noting that

d
dU ( AVA0? — 25 + 1 + 160 (\/40—2 "% 11420 — 1) i 5)
g

3202 — 160 +5 > 0 and (3202 — 160 +5)° — (160 — 4)? (40> — 20 + 1) = 9 > 0;

hence,
d2 Aen
2 increases in o, and

d%ﬁg”’ _0 df“, 2 dAe”’ 1
o do2 70T 7 go 1TV T o d0005_2'

Hence, pg" is convex.

Taking the first and second order derivative of (28), the yield is

Zen
dme

2
:—<—\/402—2J—|—1—|—40(\/402—20+1+20—1> —1);
do 9

Lrer 2 (8(402 —204+1)-3
)

4+ 160 —4 ).
do? 402 — 20 +1 )

By noting that
8 (402 =20 +1) =3 >0, and (8 (40 — 20 + 1) — 3)° — (160 — 4)? (40 — 20 + 1) =9 > 0.

Hence
)
dQ,ﬁ_en ~en
5 >0, and

do

where 0 < ¢ < 0.5. Hence, 7"

~en

T drm
ls—05 = 0, that is, €. <0
do lo=03 avis do —

is convex and decreasing in o.
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Proof of Proposition 3.
The maximized expected profit under the fixed funding is 7¢" = 1/16, and corresponding profit

under the flexible funding is

. 21=20 =202+ (1 — o)1 — 20 + 402)?

i =

‘ 27(1 — o+ V1 — 20 + 40?2

Denote 7" = " — ", 7" (5=0) = 0.0856 > 0, 7" |(,—0.5) = —0.0625 > 0, and 7" decreases in

o. Taking derivative of 7" with respect to o, we have

dme” 2AB

dr 91 —20 +40%(1 — o + /1 — 20 + 402)?
where A = —1+4+ 20 +20? — (1 —0)V/1—20+402 and B = 2 — 30 + 602 + 40° + (2 — 0 +
202)y/1 — 20 + 402, It must be noted that 2 — 36 > 0 and 2 — 0 + 202, when 0 < o < 0.5;
therefore B > 0. Subsequently, we show that A < 0. It must be noted that A|,—o = 0,
dA  2—T0+80° + (2+40)V1 — 20 + 402
do V1—20+ 402 '

Additionally, 2 — 70 + 802 > 0 when 0 < ¢ < 1/2. Therefore, A < 0, dg;n < 0. Thus, there exists

a unique o* satisfying 7| (;—o~) = 0.
Proof of Lemma 4.

Taking the derivative of the expected profit functions under the fixed and the flexible funding,

respectively, we have

dr;” _ 2(q =p(1 = N)(g(1 +g—qA) = 3p(1 = X))

do q?

dry?  2q—20 — (1—=X)(4p — q2)

do q—o

Therefore, the optimal prices are

wg 0 g 20q—0)
3

2
4q
+ — 29

with the maximized expected profits

vy 42—q(1=N) ., 2g-—0)—¢1-))

BT T i) e T 8(l— o)1) (30)
Hence, by taking the first and second order derivative of (29) to A, we have that
Awg 25w 92 Fwg 2g — 2pwd —
o _ e g AT 2 AP (q 0)>07dp3 _ 40 _,
dA 3(1 =) dN? 3(1—M)3 d\ 4(1 = N)? d\? (1—=2x)3
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Hence, p;"? and p¥9 are increasing and convex in A. According to (29), we also have

2 2
wg _ swg L wg _ swg 4
pz pz 27 pe pe 27

; hence, the monoticities and convexities are the same with p;’? and p*9. By noting that

2 2
w9:2_Q+q)\ ewg:>\q —q 1

MES T Y T Ty

Lemma 4 is obvious from the discussion above.

Proof of Lemma 5.

Let p;? = p¥9 and 7;"¢ = 79, we have 7,7 = q(2 — ¢ + ¢\)/6 and

g (2 — g+ )
5y = %(19%@,—2&—8qA+4q2A_2q2A2_2(1+q—qA)¢(8 4t N2 g+ aN).

It is easy to see that oY increases in A. Taking the derivative of o, with respect to A, it is also
easy to show that
doy®  ¢? B
_ T a2
NRRETIGANGl
where A =1+2(1 —A\)(4—q+qg)\) >0, B=2(2—q+q\)(1 —7q+ ¢*+ 7g\ — 2¢*X + ¢*)\?)
and C' = /(8 — ¢+ ¢q\)(2— ¢+ ¢)\). It must be noted that A > 0, C > 0, and (AC)? — B? =

243(1 — A\)(2 — ¢+ g)) > 0. Therefore, 75¢ increases in .

Proof of Corollary 4.

p 20 a0 ta0=A0=N) %
A—1 ﬁlevg 3(1—)\)(2(q—0)+q2(1_)\)> 3(q_0_).
p E L a2—a(L=N)8(g—0)(1—N) _ 16g

T TN —0) @A -N)  2T(q—0)

Proof of Proposition 4.

_ (24ng)q

Taking derivative of m; with respect to p, we have pY = SiTn) and the corresponding maximized

profit
N (n(2— Q)>"+1
T q(2(n +1) '

Taking derivative of #¥ with respect to n, we have:

N | 1 2
= = *(ﬁ_ln(l—l—ﬁ)_ln(Q—q))'
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It must be noted that ln(ﬁ) is positive; additionally, if we denote z = %, y =z — In(1 + %) is
an increasing function of x and has no limitation. We have y|,—o = 0; therefore, there exists a x*,
satisfying y(z) < ln(zz—q) if ¢ < a*, y(a:),ln(%_q) if x > x*. Additionally, n* = 1/x*, satisfying
L —In(l+ %) - ln(;—q), which is equation (7).

Additionally, under the flexible funding, the optimal price is pY = M, with corresponding

1
maximized expected profit

v _ (20— ¢* = 20(n))?
‘ 16(q — o(n))

Proof of Corollary 5.

The first part of Corollary 5(i) is obvious. To prove the second part, we have

N n(2_q)>1+n <1>n+1(n—%>n+l <1>n+1
K q<2(n+1) 3 nt1 “\2

. It must be noted that

9 1\ n+1
T2 < 1, lim <§> =0, hence, lim 7 = 0.

Under the flexible funding, o(n) is a non-decreasing function, and 0 < ¢ < ¢. Therefore, o
has a limitation. Suppose lim,, o o(n) = o, if oV = ¢ — ¢/2, let x(n) = ¢ — ¢*/2 — o(n), we

have lim,,_,, (n) = 0. Therefore,

.. . 1 n 1 . 1
lim 7, == lim T T — 55 * lim —— = 0.
Proof of Lemma 6.
With this strategy, the creator’s expected profit is
: P e @ p P ¢
70 =2(1—-———)(p— =) +2 1-— p———0C).
(o] L DI (o] A (o L B

Taking derivative of #%* with respect to p, we have the optimal pledging price and corresponding
maximized expected profit, respectively,

NE (q — U)<2q + q2 — 20 — 20) ~is (2(] - q2 — 0 — C)Q

e Alg—0o—-0) TP
Taking the derivative of #%* with respect to C', we have
diy _ —(1+0(C) ¢'(1+0(0)) / ¢ —4(qg—0o(C) - C)?
€ — — 1 .
ac > TSg—ec)—cp _1te () 8(¢—o(C)—C) )
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From the expression of p*, we must have p'*/(¢ — o) < 1, that is, 2¢ — 20(C) — 2C' > ¢?,
¢t —4(qg—o(C) - C)* <0.

Ifo' < -1, 4 96 > 0. To maximize 7, we must choose the largest C', that is, satisfying o(C*) = 0;
Ifo<o < —1, 4 el © < 0. To maximize 7, we must choose the smallest C, that is, satisfying
cC*=0;

e —0'(C) N 6140”(0)(q —0—C0)?+2¢"(q—0(C) — C)*(1 + 0 (C))?
AC? 2 8(q —o(C)—C)* '

= 0, we have 1+ al(C’) = 0 or 2q — 20(C) — 2C = ¢*. However, substituting the later

root into ;2 , we have ¢ 25 > 0. Therefore, the root we are looking for satisfies 1 + o (C) =0.
It must be noted that if we substitute this root into dCQ , we have:
d>7ts " t—4(q—0o(C)-C)?
7T620<C)*<q (g —o(C) ))'
dC? 8(q—a(C)—C)?

. d>#
Therefore, a concave function of o assures <0.

d02
Proof of Lemma 6.

(i): When a = 0 and b < —1, this is a special case in Lemma 6(i), then C* satisfies bx C* 40y = 0,
then, C* = —%2. When —1 < b < 0, this is a special case in Lemma 6(ii), then C* = 0. If b = —

dite _

7 =0, then 7. does not change with different C'.

(ii): In this case, C~! = (=1 — b)/(2a) and C° = (=b — /b2 — 4acy)/(2a).

Hence, ¢ < —1 is equivalent to C° < C~!, that is, b < —v/4ao, + 1. Subsequently, C* = C°.

o > —1is equivalent to C~! < 0, that is, b < —1. Subsequently, C* = 0.

Otherwise, when 0 < C~! < C°, that is, —y/4ago + 1 < b < —1. Subsequently, C* = C~! = ==t
It must be noted that C + o(C) < q + ¢*/2; subsequently, C* < C. This completes the proof.
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