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Implications of Peer-to-Peer Product Sharing when a Firm Joins the

Sharing Market

10 Abstract

13 In peer-to-peer product sharing markets, the consumers, who own some products
but do not fully utilize them, may share their products with some renters who do not
own the products. In this paper, we consider a peer-to-peer product sharing problem,
in which a firm that sells a product in a selling market may also directly share the
20 product with the consumers. There are two types of consumers with high and low
22 usage levels of the product. They may (1) buy the product to become an owner, and
24 rent it out when they do not use it; (2) not buy the product but be a renter to rent
26 the product for usage; or (3) neither buy nor rent the product. By analyzing a novel
28 model, we study the effects of the firm’s direct involvement in the product sharing
30 and the firm’s strategic decision of the product quality on equilibrium outcomes. We
32 find that the firm will join the sharing market only when the proportion of high-usage
34 consumers and the cost of joining are relatively low. When the firm can strategically
36 decide the product quality, it is optimal for the firm to improve the product quality
when it joins the sharing market. Moreover, we derive the results on how the selling
price, selling quantity, sharing price, and the numbers of product owners and renters
change when the firm joins the sharing market, and generate strategic and economic

43 implications of the research findings.

46 Keywords: sharing economy; peer-to-peer product sharing; pricing; quality
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1 Introduction

Peer-to-peer product sharing is widely adopted in various industries in the world, due to re-
cent technological advances. Through the sharing platforms such as Uber, Turo and Airbnb,
the product owners who own the products and do not fully utilize them, may share their
products with the consumers who do not own the products. In traditional sharing economy,
the product sharing is among the consumers.

However, the firm that sells the products in the market may also join the sharing market
in order to gain more profits. For example, car2go is a car-sharing platform belonging to the
Daimler AG company which owns the car brand of Smart and Mercedes-Benz in the selling
market. It offers Smart and Mercedes-Benz vehicles and features one-way point-to-point
rentals E] Meanwhile, consumers on the platform of car2go can not only share their own
cars, but also rent the cars from the company or other owners E]

In the literature, a few researches have studied the peer-to-peer product sharing (e.g.,
Benjaafar et al.| (2018b)), |Jiang and Tian| (2016|) and (Tian and Jiang| (2018))). However, they
consider that the product sharing is only among the consumers. The effects of sharing by
the firm are still unknown. Therefore, in this paper, we study the product sharing when the
firm that sells the product in the selling market also participates in the sharing economy.
We seek to examine the following fundamental questions. First, what are the effects of the
firm’s direct involvement in the product sharing? Second, what are the effects of the firm’s
strategic decision of the product quality?

To address these questions, we consider a novel sharing economy model in which the
firm not only sells products to the consumers, but also considers providing the product
for rentals in the sharing market. The firm decides the selling price (and sharing quantity
when it joins the sharing market) of the product. The sharing price is determined by the
sharing market when the supply matches the demand in the market. We capture two typical

characteristics of the consumers, i.e., the product valuation and the product usage level,

thttps://www.cnbe.com/2017/12/05/car2go-adds-mercedes-benz-to-its-new-york-city-fleet.html
Zhttps:/ /www.car2go.co.il/en/mycar2go/
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which play significant roles in consumers’ product purchasing and renting decisions. The
consumers may 1) buy the product to become an owner, and rent it out when they do not
use it, 2) not buy the product but be a renter to rent the product for usage, or 3) neither
buy nor rent the product. We first study the problem for a given quality level, and then
extend our analysis to consider that the firm can strategically set the product quality.

To the best of our knowledge, this is the first study investigating the strategic and
economic implications in sharing economy when a firm that sells the product in the selling
market simultaneously shares the product in the sharing market. We highlight three major
findings from our analysis. First, we identify the conditions for the firm to be better off
when it joins the sharing market. We assume that there are two types of consumers with
high and low usage levels of the product respectively. We find that the firm will join the
sharing market when the proportion of the high-usage consumers is relatively low, which
implies that there is relatively high demand of product renting in the market. The other
condition for the firm to join the sharing market is that the cost of joining is relatively low.

Second, if the product quality is taken as given, then we find that the firm will increase
the selling price so as to decrease the selling quantity, when it joins the sharing market. The
sharing price in the market will be decreased, the number of owners will be decreased, and
the number of renters will be increased, when the firm joins the sharing market. In other
words, the firm will induce the decrease of the product sharing from the owners by increasing
the selling price, so it can benefit from renting its own products in the market.

Third, if the firm can strategically decide the product quality, we find that the firm will
increase the product quality level when it joins the sharing market. It is because a high
product quality leads to a high selling quality and a high sharing quality. When the firm
joins the sharing market, it can benefit from renting the products in the sharing market in
addition to selling the products to the consumers. Thus, it can increase its product quality
to increase the profit, although high product quality leads to high production cost. Similar
to the case of a given product quality level, in this case the selling price and the number of

renters will be increased, when the firm joins the sharing market. However, differing from
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the case of a given product quality level, in this case selling quantity and sharing price may
not be decreased, due to the effects of the production cost of the product quality.

The rest of the paper is organized as follows. In Section [2| we present the literatures
related to our paper. In Section [3| we present the model setup. In Section [d], we conduct the
analysis when the firm cannot strategically decide its product quality. In Section 5], we study
the problem when the firm can make strategic quality decision. In Section [6] we conclude our

paper and provide some directions for future research. All proofs are given in the Appendix.

2 Literature Review

Our work is related to the literature stream of peer-to-peer sharing markets. As a growing
stream within this literature, peer-to-peer product sharing has attracted the attention of
researchers in recent years. [Fradkin et al. (2015)) studied the review bias in the setting of
Airbnb and investigated whether the change in review system can reduce the bias. Zervas
et al. (2015)) compared the ratings of Airbnb and hotels on TripAdvisor, and found that there
is only weak correlation in the ratings across the two platforms. Cullen and Farronato| (2014))
studied the matching of demand and supply when they are highly variable for peer-to-peer
online marketplaces. Recently, |Jiang and Tian| (2016 and Benjaafar et al.| (2018b) examined
the strategic and economic impact of product sharing among the consumers. [Fraiberger and
Sundararajan| (2017) developed a dynamic model of peer-to-peer rental market in which the
consumers may also trade in the secondary market. Tian and Jiang| (2018]) studied how the
product sharing affects the distribution channel, including the capacity of the manufacturer
and the profit sharing between the manufacturer and the retailer.

Empirical studies have also been conducted in peer-to-peer product sharing. (Clark et al.
(2014)) presented the results from the survey of British car-sharing members and showed
that the car drivers reduce their personal usage but increase business journeys. Ballus-
Armet et al.| (2014) examined public perception of peer-to-peer car-sharing. They found

that the awareness of car-sharing is low and approximately 25% of the car owners are willing



O©CO~NOOOTA~AWNPE

to share their cars. Nijland et al.| (2015) found that the car-sharing increases the car usage.
Van der Linden| (2016) investigated the differences of the growth of peer-to-peer car-sharing
in different cities and concluded that cities where the regime of personal car ownership and
use is less established lead to more shared cars.

Besides, we consider operations strategies for a firm in the sharing economy which has
the feature of the two-sided market (see Rochet and Tirole (2006)), Weyl| (2010), and [Weyl
(2010)). In this research stream, Bai et al. (2018) developed a queueing model to study the
coordination of supply and demand on a peer-to-peer platform. Benjaafar et al. (2018a))
studied the labor welfare on a sharing platform where the labors decide whether and how
much to work. Taylor| (2018)) developed a model with waiting-time-sensitive customers and
independent service providers to investigate their impacts on the platform’s optimal per-
service price and wage.

Moreover, our work is also related to the concept of the ‘servicization’, which means that
the firm retains the ownership of the product and charges the consumers for use. In this
research stream, |Agrawal and Bellos (2016]) studied three models: a pure sales model, a pure
servicizing model, and a model which involves both sales and servicizing, to investigate the
economic and environmental potential of servicizing. [Orsdemir et al.| (2018) found that servi-
cization can simultaneously increase the firm’s profit and decrease the environmental impact
compared to selling product. Bellos et al. (2017) considered that the manufacturer offers a
car-sharing service in addition to selling cars, and designs its production line accordingly.

Furthermore, our work complements the research stream on the secondary used-goods
market. |Anderson and Ginsburgh| (1994)) concluded that a monopoly seller may gain or lose
because of the existence of second-hand market but achieves a form of second-degree price
discrimination. Hendel and Lizzeri| (1999)) presented a model in which the firm can interfere
the secondary market in four ways: choosing the durability of the product, controlling the
availability of used goods, changing the transaction costs, and influencing consumers’ main-
tenance decisions. Johnson| (2011)) studied a scenario that the consumer valuations change

over time. (Chen et al|(2013) investigated the scenarios when the secondary market aids or
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harms the firm with durable goods.

Lastly, our research is also a complement to the literature of leasing. |Desai and Purohit
(1998) and Desai and Purohit| (1999) studied the optimal marketing strategies with leasing
and selling in the monopoly and competitive markets, respectively. |Hendel and Lizzeri
(2002) studied how the adverse selection in the leasing contract affects the market. |Johnson
and Waldman| (2003)) and Agrawal et al.| (2012) investigated the relationship between new-
car leasing and adverse selection. Agrawal et al.| (2012) investigated when leasing can be

environmentally worse or greener than selling.

3 The Model

We consider a model of the peer-to-peer product sharing where a monopolist firm is directly
involved in the sharing market. On the one hand, the firm sells the product with unit selling
price p in the market. The consumers may 1) buy the product and be an owner, and rent
out the product when they do not use it, 2) not buy the product but be a renter to rent
the product for usage, or 3) neither buy nor rent the product. Let ¢ denote the selling
quantity of the product in the market. On the other hand, the firm may also directly share
the product with the renters in the sharing market. Let g5 denote the sharing quantity of
the firm. The renters pay a sharing price p, per product usage to the platform, and the
platform keeps « proportion of the sharing price and give the remaining proportion 1 — «
to the product owners. Let n, and n, denote the numbers of product owners and renters,
respectively. Note that the number of product owners is defined only for the consumers, and
the firm is excluded in it. The market structure is depicted in Figure [I}

The quality of the product is k. We assume that the total production cost of the product
with quality %k is ck?. This quadratic form of the production cost implies an increasing
marginal cost of the quality level, and is commonly used in the literature (see, e.g., [Tagaras

(1994), ILee et al.| (2004), and Kaya and Ozer| (2009)). To avoid trivial outcomes, we assume

(0—1)ug (ab(up—1)+ur)
that ¢ > Urletton ey

The firm aims to maximize its profit by optimally deciding
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Firm
(».q) qs
Owners Consumers Renters
(1-)ps ps

Sharing Platform
Figure 1: The Market Structure

the selling price (and sharing quantity if it shares products in the sharing market). We first
study the problem for a given quality k, and then extend our analysis to consider that the
firm strategically sets the product quality.

We capture consumers’ two typical characteristics, i.e., the product valuation and the
product usage level, which play decisive roles in product purchasing and renting decisions.
The product valuation, denoted by v, is the valuation of a consumer to the product when
she uses (i.e., buys or rents) the product. We assume that the consumers are heterogeneous
in the valuation, which is uniformly distributed in [0, 1]. The product usage level is referred
as the portion of usage that a consumer uses the product. For each product, the total usage
level is 1. We consider that there are two types of consumers regarding the product usage
level, i.e., the high usage type and low usage type. The usage levels of the high-type and
low-type consumers are uy and w;, respectively, and we have 0 < uy, < ug < 1. We assume
that the proportion of the high-usage consumers is 6 (0 < 6 < 1), so the proportion of
the low-usage consumers is 1 — 6. The consumers make purchasing and renting decisions to
maximize their utilities.

Consumers’ Utilities. Consumers will choose to buy, rent, or do not use the product
based on their utilities. If a consumer with usage level w; (¢ = L, H) buys the product
and rents usage level 1 — u; out when she does not use it, then she can receive a payment

(1 —u;)(1 — a)ps from the sharing platform. Consequently, her utility of ownership can be
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expressed as w’ = v+ k + (1 —u;)(1 — a)ps — p. Note that the quality of the product is .
We assume that the consumers’ utility is additively affected by the product quality. If the
consumer chooses to rent the product, then she needs to pay u;ps to the sharing platform.
Thus, her utility from renting can be expressed as w! = v+k —u;p,. The consumer compares
w!, wi and 0, and chooses the one which benefits the most. However, if w! > w’. or v’ < w!
for both ¢ = L and ¢ = H, then all consumers will choose to own or rent the product,
such that the equilibrium does not exist. Note that w’ — w! = (1 — « + au;)ps — p. Thus,
one condition to guarantee the existence of the equilibrium is that (1 — o 4+ auy)ps — p >
0> (1 —a+ aug)ps — p. It implies that the high-usage consumers will choose to buy and
the low-usage consumers will choose to rent when their utilities are positive. We define a
cutoff value vy = p — (1 — uy)(1 — a)ps — k for the high-usage consumers. Then a high-
usage consumer with valuation v > vy will buy the product and obtain the utility wi > 0.
Similarly, we define v;, = urps — k as the cutoff value for the low-usage consumers. And then
a low-usage consumer with valuation v > v will choose to rent the product and obtain the

utility w? > 0. The consumers’ choices are illustrated in Figure .

buy
High-usage (0, Un) %
0 Vi 1

rent
Low-usage (1-6, Ut) v
0 Vi 1

Figure 2: The Consumers’ Choices

Market-clearing. In equilibrium, there will be a market-clearing sharing price ps that
makes the supply match the demand. In other words, in equilibrium, the total usage supply
of the product (the aggregate of the non-used level of the product 1 — uy from each owner)
equals to the total usage demand (the aggregate of the need of usage level u; from each
renter) in the sharing market.

Timing of Events. The timing of events in the model is as follows. First, the firm

chooses the selling price, and sharing quantity if it joins the sharing market. Second, the
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consumers decide whether to buy or rent the product. Third, the consumers who buy the
product use the product with their usage levels and rent the product out when they do
not use the product. The consumers who decide to be renters use the product and pay the
sharing price. The equilibrium sharing price ps will clear the market to make the supply
match the demand.

We summarize the notations used in the paper in Table [I]

Table 1: Summary of Notations

Symbol Description

P Selling price of the product

q Selling quantity of the product

Ds Sharing price per unit product usage

« Proportion of the sharing price that the sharing platform keeps
qs Sharing quantity of the firm if it joins the sharing market

Cs Cost of the firm to join the sharing market

k Quality of the product
ck? Total production cost of the products with quality k

v Consumers’ valuation to the product; v ~ U|0, 1]

u; Type i consumer’s usage level of the product; i € {L, H} and 0 < up < uy < 1

w!, Utility of type ¢ consumer to buy the product; ¢ € {L, H}

w! Utility of type ¢ consumer to rent the product; i € {L, H}

0 Proportion of high-usage consumers, so the proportion of low-usage consumers is 1 — 0
n; Number of product owners (j = o) and renters (j = r)

4 Analysis

To investigate the impact of the firm’s involvement in the sharing market, we consider
two cases: (1) No firm’s involvement in the sharing market (N), in which the firm does
not share the product in the sharing market, and (2) Firm’s involvement in the sharing
market (S), in which the firm directly shares the product in the sharing market. We use the
general form of X* to denote the optimal outcomes in equilibrium. Therein, the superscript
i,i € {N,S} indicates the scenarios whether the firm is involved in the sharing market.
X is the quantity of interest that can be selling price p, selling quantity ¢, sharing price

ps, number of product owners n,, number of product renters n,, and profit . We first
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analyze the optimal equilibrium outcomes for the two cases, and then compare the two cases
to analyze the impact of the firm’s involvement in the sharing market. Note that in this
section, we consider the case that the product quality is given, and in the next section, we

will investigate the case that the firm will strategically decide its product quality.

4.1 No Firm’s Involvement in the Sharing Market (N)

When the firm does not join the sharing market, its decision is the selling price p. The
high-usage consumers with valuation v > vy buy the product and share the usage level of
1 —upg to the renters. The low-usage consumers with valuation v > vy, rent the product with
usage level uy. When the supply of the product usage from the owners meets the demand

of the product usage from the renters, we have
8(1 — ’UH)(l — UH) = (1 — 9)(1 — UL)UL.

By substituting vy = p— (1—uy)(1—a)ps—k and v, = upps —k into the above equation,
we can obtain the market-clearing sharing price, i.e., ps(p), for a given selling price, under

which the supply matches the demand:

A+ E)(A=0u,—(1+Ek—p)o(1 —ug)
ps(p) = (1—a)f(1 —uy)?+ (1 —0)u? ' (1)

Then, the corresponding market cutoff value for the high-usage consumers is vy (p) = p —
(1 — ugy)(1 — a)ps(p) — k, and the proportion of the consumers who buy the product is
0(1 —vg(p)). Obviously, the firm that aims to maximize its profit will produce the product

with the selling quantity ¢ to fulfill the demand. Thus, we have

q(p) = 0(1—vu(p))

= 0(1—p+ (1 —up)l—a)psp)+k). (2)

10
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Then, the firm’s profit function 7(p) can be expressed as

m(p) = pa(p) — ck’
1+k)Q—-0u,—(1+k—p)o(1 —upy)
= p0<1—p+(1—uH)(1—a) =)0 —un 2+ (-0 +k)
—ck?. (3)

It can be verify that the above objective function is concave in p. By considering the

first-order condition, we obtain the optimal selling price p". Then, by substituting p"¥ into

ps(p), q(p), and 7(p) in Equations (1), (), and (3)), respectively, we obtain the optimal

sharing price pY, optimal selling quantity ¢V, and firm’s optimal profit 7%V. In addition, we
can also obtain the number of the owners and renters in the sharing market. Specifically,
the number of owners equals to the selling quantity n)’ = ¢"V. Given that the supply of the
product usage from the owners equals to the demand of the product usage from the renters,

then we can obtain the number of renters nlY. Next we summarize the equilibrium outcomes.

Lemma 1. The equilibrium outcomes for the case of no firm’s involvement in the sharing

market are given as follows:

v (I+R)[(1—a)(l —uy)+ur]
p = 2uL )
v _ v _00=-0)0+ku(l—up+ur)
Too T U T Tl —ug)2 + (1 0]

. (1+k)[201—0)ui + (1 —a)f(l —uy)*—0(1 —up)uy)]
° 2[(1 = a)f(1 —uy)? + (1 — 0)u?] ’

n - y

' 2001 —un)® + (1 = O)ui]

N _ O(1 —0)(1+k)*[(1 —a)(1 —ug) + ug]? 2
4[(1 — a)f(1 —up)?+ (1 — 0)u?] '

11
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4.2 Firm’s Involvement in the Sharing Market (S)

When the firm joins the sharing market, its decisions are the selling price p and sharing
quantity g,. Compared to the case of no firm’s involvement in the sharing market, in this
case, the supply of the usage level is added by ¢7. It is because the firm does not use the
product itself, and provides the amount of g, for rent with usage level 1. When the supply of
the product usage from the owners meets the demand of the product usage from the renters,

we have

01 —vy)(l —up)+qs= (1 —0)(1 —vp)ug.

Similarly, by substituting vy = p — (1 — ug)(1 — a)ps — k and v, = uyps — k into the
above equation, we can obtain the market-clearing sharing price, i.e., ps(p, gs), for a given

selling price and a given sharing quantity:

(1 + /{3)(1 — Q)UL — (1 + k —p)9(1 — UH) — (s

(=)l —un) + (1-0)2 (4)

ps(p> q$) =

Then, the corresponding market cutoff value for the high-usage consumers is vy (p,qs) =
p— (1 —uy)(1l—a)ps(p,qs) — k, and the proportion of the consumers who buy the product
is 0(1 — vy (p,qs)). Given that the selling quantity equals to the consumers who buy the

product, we have

q(p) = 01 —vmu(p,qs))

= 01 —p+ (1 —un)(l —a)ps(p,gs) + £) . ()
Then, the firm’s profit function 7(p, gs) can be expressed as

7T(p, QS> = pQ(p, QS) ers(p, QS)QS - Ckz — Cs

(14 K)(1 = 8)ug — (14 k= p)O(1 — u) — g,

= pH(l—p—i—(l—uH)(l—oz) A= )0l —un) T (1 - 0)a2 —i—k)
(1+Ek)(1=0u,—(1+k—p)0(1 —uy) — gs

(1—a)f(1 —up)?+(1—0)u? °

—ck? —c,. (6)

12



O©CO~NOOOTA~AWNPE

Note that when the firm joins the sharing market, it may choose not to fulfill the demand,
because fewer product owners in the market may increase the sharing price and its profit
consequently. However, by assuming that the consumers with higher valuations will get the
chance to own the product if the selling quantity cannot fulfill the demand, we can show that
it is always better off for the firm to fulfill the demand. That is, profit increased from higher
sharing price does not overweight the profit decreased from selling fewer products (see the

proof in the Appendix).

2
2uy,

Denote 6, = —a(l—a)(1—um)?+ @—a)(I—um)uptou?

. Then, for the case of firm’s involvement in

the sharing market, we have the following results:

Lemma 2. The optimal sharing quantity ¢° decreases in 0. There exists a threshold 6, such
that if 0 > 0y, then ¢° = 0; otherwise, ¢° > 0. Specifically, if @ > 0y, then q¢5 = 0 and other
equilibrium outcomes are the same with the case of mo firm’s involvement in the sharing

market; otherwise, the equilibrium outcomes are as follows:

S = 1+ k)1 = 0)ur[(a — 2)0ur(1 —ug) +2(1 — O)uf + (1 — @)0(1 — ug)?]
s 4(1 = 0)u? — a20(1 —uy)? ’
. 1+ k) [—abd(1 —ug)?*+ (2 —a)(1 = 0)(1 —ug)ur, + 2(1 — 0)u?]
4(1 = 0)u? — a20(1 —uy)? ’
WS S (1+ k)1 —Oup[2ur, — (1l — ugy)]
- = 4(1 = 0)u2 —a20(1 —uy)?

g (I+E)2(1 = O)up, — (1 — ug)]

Ps = 4(1—=0)u? —a?0(1 —ug)®
s (A+E)(A-0)[-a?0(1 —uy)*+ af(l —ug)uy + 2(1 — O)uf]
= 4(1 = 0)u? — a20(1 — ug)? ’
s = ! {—R[(de — 1)(1 - 0)u? — 020e(1 — up)?,

4(1 = 0)u? — a20(1 — ug)
+af(1 — O)ur (1 — ug)] + k[-2a0(1 — O)ur (1 — ug) + 2(1 — O)ul] +

[—af(1 — O)ur(1 —ug) + (1 — O)uil} — cs.

Lemma [2] indicates that when the proportion of the high-usage consumers is relatively

high, the optimal sharing quantity of the firm is zero. In other words, it reveals that the firm

13
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will choose to join the sharing market only when the proportion of high-usage consumers is
relatively small. The reason is that when the proportion of high-usage consumers is relatively
large and the proportion of low-usage consumers is relatively small, the product usage supply
is relatively high and the demand is relatively low. Consequently, the sharing price is low in
the market. Then, for the firm, joining the sharing market with a low sharing price is worse
off than just selling in the market with a large proportion of high-usage consumers who may
be the product owners. In addition, the firm should increase the sharing quantity when the

proportion of the high-usage consumers decreases.

4.3 Impact of the Firm’s Involvement

We have obtained the optimal decisions of the firm in the two cases in which the firm joins
or does not join the sharing market. Next we examine the impact of the firm’s involvement
in the sharing market. Note that, from Lemma [2] the firm will not join the sharing market
if 8 > 0;. So in the following we only compare the results for the two cases when 6 < 6;.
We first define the differences between the equilibrium outcomes in the two cases. That

S N

is, we let Ap = p® —pV, Aq=q¢° — ¢V, Apszpf—piv, Anozno—no,Anr:nS

5 —n! and
An = 7% — 7 denote the differences between the selling prices, selling quantities, sharing
prices, numbers of owners, numbers of renters and the profits, respectively, in the two cases.
The impacts of the firm’s involvement on the selling price and selling quantity are presented

in the following proposition.

Proposition 1. The difference between the selling prices is larger than zero, i.e., Ap > 0,
and the difference between the selling quantities is less than zero, i.e., Aq < 0. As the

proportion of high-usage consumers 6 increases, Ap decreases and Aq increases.

Proposition [1|indicates that the firm will increase its selling price and decrease its selling
quantity when it joins the sharing market. Note that the condition for the firm to join
the sharing market is that the proportion of high-usage consumer is relative small and the

proportion of low-usage consumers is large. Under this condition, the sharing price in the

14
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market will be high enough to make the supply match the demand. Then the firm would
like to benefit from the renting by joining the sharing market. Meanwhile, it will increase
the selling price of the product so as to decrease the selling quantity. Consequently, the
product usage supplied by the consumers will be decreased, and the firm can obtain more
profit from the renting. Besides, the difference between the selling prices is decreasing and
the difference between the selling quantities is increasing, when the proportion of high-usage
consumers increases.

Note that the number of product owners equals to the selling quantity, so the impact
of the firm’s involvement on the number of product owners is the same as that on the
selling quantity in Proposition[I} The following proposition presents the impact of the firm’s

involvement on the sharing price and the number of renters.

Proposition 2. The difference between the sharing prices is less than zero, i.e., Ap, < 0,
and the difference between the number of renters is larger than zero, i.e., An, > 0. As the

proportion of high-usage consumers 6 increases, Ap, increases and An, decreases.

Proposition [2 indicates that the sharing price will be decreased and the number of renters
will be increased when the firm joins the sharing market. The reason is that when the firm
joins the sharing market, the product supply in the sharing market increases, leading to
a lower sharing price. Then, more consumers will choose to rent the product to take the
advantage of the low sharing price. Thus, the number of renters will increase. Besides, the
difference between the sharing prices is increasing and the difference between the number of
renters is decreasing, when the proportion of high-usage consumers increases.

The following proposition presents the impact of the firm’s involvement on the firm’s

profit.

Proposition 3. There exists a threshold ¢ such that Am > 0 if ¢s < ¢s; and Anm < 0 if

Cs > Cs.

The firm will choose to join the sharing market when Am is positive. Proposition

indicates that the firm will not join the sharing market if the cost of joining is high. Note
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from Lemma 2/ that the firm will also not join the sharing market if # > #,. Combining these
two results, we conclude that the firm will join the sharing market only when the proportion

of high-usage consumers and the cost of joining are relatively low, i.e., # < #; and ¢, < ¢s.

5 Strategic Quality Decision

In this section, we consider that the firm can strategically decide the product quality. Sim-
ilarly, we consider two cases: (1) No firm’s involvement in the sharing market (N), and
(2) Firm’s involvement in the sharing market (S). We use p, selling quantity ¢:, sharing
price p',, number of product owners n',, number of product renters n’, and profit 7. to
denote the equilibrium outcomes of selling price, selling quantity, sharing price, number of
product owners, number of product renters and profit, respectively. Therein, the superscript
i,i € {N, S} indicates the scenarios whether the firm is involved in the sharing market. We
first analyze the optimal equilibrium outcomes for the two cases, and then compare the two

cases to analyze the impact of the firm’s involvement in the sharing market.

5.1 No Firm’s Involvement in the Sharing Market (N)

Note that if the firm can strategically decide the product quality, then at the beginning,
it will first choose the product quality, which is followed by the other events. We can use
the backward induction approach to solve the problem. In this way, except for the optimal
decision of the quality, other optimal responses have already been given in Lemma (1} It can
be verify that the profit function in Lemma |1|is concave in k. By considering the first-order
condition, we obtain the optimal quality 4. Then, by substituting £V into the optimal

responses, we obtain the equilibrium outcomes in the following lemma.

Lemma 3. When the firm can strategically decide the product quality, the equilibrium out-
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comes for the case of no firm’s involvement in the sharing market are given as follows:

01— 0)[(1 — ) (1 — up) + ur)?

k 4e[(1 — a)0(1 —up)?+ (1 = )u2] —0(1 — O)[(1 — a)(1 — ug) + ug)?’
N = 2[(1 —a)(1 —ug) +ur][(1 — a)0(1 —ug)? + (1 — O)u?]c

F ur{4c[(1 —a)0(1 —ug)?+ (1 —0)u2] —0(1 —0)[(1 — a)(1 —uy) +url?}’
nN = gV = 21— 0)[(1 — a)(1 — uy) + uglurc

4e[(1 — )01 —ug)?+ (1 —0)u2] —0(1 —0)[(1 — a)(1 —ug) + ug)?’

N 2[(1 — )01 —ug)? — 0(1 —ug)ur, + 2(1 — O)ui)c

Pek = 41— a)0(1 — u)? + (1 — 0)u2] — 0(1 — O)[(1 — a)(1 — ugg) + ur)?}’
N 2001 —up)[(1 — )(1 —uy) + urlc

_ (
T (U= a)0(T = u)? + (1= 03] — 0(1 = O)[(1 — a)(1 — ) + url?’
N (1 = 6)[(1 — a)(1 — un) + urf’c
* )

4e[(1 — a)0(1 —up)?+ (1 —)u2] —0(1 — 0)[(1 — a)(1 — ug) + ug)?*

5.2 Firm’s Involvement in the Sharing Market (S)

Similarly, the firm will first choose the product quality, which is followed by the other events.
We use the backward induction approach to solve the problem. FExcept for the optimal
decision of the quality, other optimal responses have already been given in Lemma [2| It can
be verified that the profit function in Lemma[2]is concave in k. By considering the first-order
condition, we obtain the optimal quality level £°. Then, by substituting k£° into the optimal

responses, we obtain the equilibrium outcomes in the following lemma.

Lemma 4. When the firm can strategically decide the product quality, for the case of firm’s
involvement in the sharing market, we have the follow results: If 6 > 60y, then ¢5 = 0 and

other equilibrium outcomes are the same as the case of no firm’s involvement in the sharing
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market; otherwise, the equilibrium outcomes are as follows:

(1 = Qurfur — ab(l — up)]

K= (4e — 1)(1 — O)u? — a?bc(1 — upy)? + ab(1 — O)ur(1 — ug)’
pS = [—af(1 —ug)? + (2 — ) (1 — 0)(1 — ug)ur, + 2(1 — O)ui]c

F (4e — 1)(1 = O)uf — a?bc(1 — up)? + ab(1 — O)ur(l —upy)’
WS = g8 = (1 =0)[2up — a(1 — ug)urc

ok P (e — 1) (1 - 0)u? — a20c(1 — up)? + af(1 — O)ur(l — ugy)’
S = 2(1 — Q)up, — ab(1 — ugy)]c

sk (4e — 1)(1 = O)u? — a?bc(1 —upy)? + ab(1 — O)ur(1 —ugy)’

s [—a?0(1 —ug)? + af(1 — ug)ur, + 2(1 — O)ui]c
Tk T e — D)1 — 0002 — a20c(1 — ug )2 + af(L — O)ur(l — ug)’
. (1 = O)urfur, — (1 — uy)e e

(4e —1)(1 = O)u? — a20c(1 —up)? + ab(1 — O)ur(l — upy)

5.3 Impact of the Firm’s Involvement

We have obtained the optimal decisions of the firm in the two cases in which the firm joins
or does not join the sharing market. Next we examine the impact of the firm’s involvement
in the sharing market. Note that, from Lemma [4] the firm will not join the sharing market
if & > 60,. So in the following we only compare the results for the two cases when 6 < 6;.
We first define the differences between the equilibrium outcomes in the two cases. That
is, we let Ak = k% — kN, Apr = p{ —pr, Age = ¢ —ab, Apae = p— Y, Ange = nf —nl,
Any = nd —nlY and A, = 77 — 7 denote the differences between the product quality
levels, selling prices, selling quantities, sharing prices, numbers of the owners, numbers of the

renters and the profits, respectively, in the two cases. The impact of the firm’s involvement

on the quality level is presented in the following proposition.
Proposition 4. The difference between the quality levels is larger than zero, i.e., Ak > 0.

Proposition {4] indicates that the firm’s optimal quality decision when it joins the sharing
market is higher than that when it does not join. It implies that if the firm can make strategic

quality decision, it will improve its product quality when it joins the sharing market. It is
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because a high product quality leads to a high selling quality and a high sharing quality.
When the firm joins the sharing market, it can benefit from renting the products in the
sharing market in addition to selling the products to consumers. Thus, it can increase its
product quality to increase the profit, although a high quality level leads to a high production
cost.

Next, we investigate the impact of the firm’s involvement on the selling price and selling

quantity. The results are presented in the following proposition.

Proposition 5. The difference between the selling prices is larger than zero, i.e., Apg > 0.
For the selling quantity, there exists a threshold c, such that Agy > 0 if ¢ < ¢q; and Ag, <0

if ¢ > ¢y

Proposition |5 indicates when the firm joins the sharing market, it will increase its selling
price. This result is the same as that in the case if the product quality is given. However,
differing from the case that the product quality is given, here, we find that the selling
quantity may not be decreased when the firm joins the sharing market. Specifically, the
selling quantity will be decreased if and only if (iff) ¢ > ¢,. It is because when the firm joins
the sharing market, it will improve the product quality, which may lead to an increase in
the selling quantity, although the selling price is increased.

The impact of the firm’s involvement on the number of product owners is the same as
that on the selling quantity in Proposition [ because the number of product owners equals to
the selling quantity. The following proposition presents the impact of the firm’s involvement

on the sharing price and the number of renters.

Proposition 6. There ezists a threshold c,s such that Apg, < 0 if ¢ > c,s; and Apg, > 0 if
¢ < ¢ps. For the number of renters, the differences between the number of renters is larger

than zero, i.e., An,.;, > 0.

Recalling from Proposition [2| that if the product quality is given, the sharing price in the
market will be decreased when the firm joins the sharing market. However, it may not be

true if the firm can strategically chose the product quality. Proposition [6]indicates that when
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the firm can choose the product quality, the sharing price in the market may be increased
when the firm joins the sharing market, due to the effects of the cost parameter. For the
number of renters, we find that it is increased when the firm joins the sharing market. This
result is the same as that in the case of given product quality.

The following proposition presents the impact of the firm’s involvement on the firm’s

profit.

Proposition 7. There exists a threshold ¢ such that Am, > 0 if ¢ < ¢és; and Am < 0 if

Cs > Cs.

Proposition [7|indicates that the firm will not join the sharing market if the cost of joining
is high, i.e., ¢ > ¢5. Note from Lemma [4| that the firm will also not join the sharing market
if # > #,. Combining these two results, we conclude that the firm will not join the sharing
market when the proportion of high-usage consumers or the cost of joining are relatively
high, i.e., 8 > 6, or ¢5 > ¢;. This result is similar to that when the firm cannot strategically

decide the product quality.

6 Conclusions

In traditional sharing economy, the peer-to-peer product sharing is among consumers. In
this paper, we develop a new sharing economy model in which a firm considers to join the
sharing market. We envisage to find some strategic and economic implications when the firm
is directly involved in the sharing market. In the model, we assume that there are two types
of consumers with high and low usage levels of the product. The consumers decide to buy
or rent the product or leave the market, based on the firm’s decisions and the corresponding
sharing price in the market.

We conclude that the firm will join the selling market only when the cost of joining and
the proportion of high-usage consumers are relatively low. When the proportion of high-
usage consumers is relatively low, the proportion of low-usage consumers is relatively high,

such that the sharing supply is relatively low and the renting demand is relatively high in the
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market. We show how the selling price, selling quantity, sharing price, and the numbers of
product owners and renters change when the firm joins the sharing market. We also conclude
that when the firm can strategically decide the product quality, it will increase the product
quality when it joins the sharing market.

We point out some directions for future research. First, we consider a monopoly market.
It is interesting to study the product sharing in a competitive market, in which another
firm may sell or rent products to the consumers and the sharing platform may also have
competitors in the market. Second, we assume that the firm directly sells its product to
the consumers. It is worth investigating how the channel structures influence the sharing
market. Third, we assume that the fee received by the sharing platform is exogenously given.
However, the platform may charge different proportion of the sharing price in different situ-
ations (e.g., when the firm joins or does not join the sharing market). So, in future research
we may consider the setting with a different proportion of the sharing price. Finally, we do
not model the uncertainty or moral hazard in the sharing market. In fact, the consumers
may not be able to observe the product quality before she rents a product and the consumers
who rent products may use the products carelessly. We may consider the effects of these

uncertainties in future research.
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Appendix
Proof of Lemma [Il The firm’s profit function 7(p) is concave in p, that is, 6287;(2”) =
—(1701)9(12&:;));%(170)1‘% < 0. We obtain the optimal selling quantity ¢" with agg’) = 0.

By substituting p = p into q(p), ps(p) and 7(p), we can easily obtain ¢", pY, and 7. The
number of renters n¥ can also be obtained given the product usage supply equals the demand

¥ (1 —ug) =nNur. o

Proof of Lemma 2l With the firm’s profit function m(p,qs), we solve the equation set

of %};‘15) = 0 and %ﬁl’qs) = 0 to obtain p® and ¢¥. p° and ¢° are the optimal solu-
: : 827r(p,qs) 2 827"(177‘13) 82”(177115) _ 6(4(1_6)u2_a29(1_uH)2) 8271'(177(13) _
tions given that ( e, ) — 0 2 ((lfa)e(lsz)Qﬂlfe)u%)Q > 0 and =

—2
(1—a)0(1—upg)2+(1-0)u

> < 0. Note that we assume that 4(1 — 0)u? — o*0(1 — ug)* > 0 because
L

otherwise, the optimal selling price will be at the boundary 0 or 1, leading to non-profitable
(1+k)(1—0)urp[2ur —a(l—ugy)] .
10002 —a2(—ug > 018

2uy, — (1 — ug) > 0. The optimal ¢ = (1_9)(k+1)“L(2“%_‘1((_1(_10_):%‘):(;;?212()2;@)(1_UH)uLHU%)).

situations. Note that one necessary condition for nS = ¢% =

We have 8;;"25 = —4(27a)a?§?1+_ 19))(; fzz):?_(i?);)i(l*w ) <0, which means that 359;3 decreases in
L

0. We alSO have 88(15|9:0 — (k-‘rl)(_(2—Oé)(I—UHS)lEiUL—CM(l—UH))_4u%) < 0 Thus, 88(]55 < 0 fOI“ au 0

and ¢7 decreases in . It is obvious that when 6, = 2] ¢ = 0.

—a(l—a)(1—ug)?4+(2—a)(1—ug)ur+2u?

Thus, the solutions when 6 > 6; equal to those when the firm does not join the sharing

market. By substituting p = p® and ¢, = ¢° into q(p), ps(p, ¢s) and 7(p, ¢s), we can easily

S

2 can also be obtained given the product

obtain ¢°,p?, and 7. The number of renters n
usage supply equals the demand ¢°(1 — ug) + ¢° = nduy,. O

Proof of Propositions [1] and [2| It is easy to observe that when 6 < 6;, we have Ap =

a(k+1)(1—ug)(2u2 —0((2—a)(1—ug)ur—(1—a)a(l—ug)?+2u2))
2ur (4(1-0)u? —a20(1—up)?)

< 0. Also, it is also obvious that when

0 < 61, we have 22 = 7(2%)Ozitf_’g;gi;zng_(ifﬁg(lﬂ”’ ) < 0. In the same way, it is easy
to obtain that when 6 < #;, we have Ag < 0, % > 0; Ap, < 0, %’; > 0; and An, > 0,
on,-

Proof of Proposition [3| The difference between the firm’s profits is Am = ¢, — ¢,, where
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~ (14k)2(1-0)[—a(l-a)0(1—up)?+(2—a)0(1—up)ur—2(1-0)u2]? ~ . -
Cs = _a2(1_a)92(1_uH)4+(4_4a_a2)0(1_9)(1_uH)2u%+4(1_0)2Lu%, and ¢; > 0. Thus, there exists ¢;
such that Am > 01if ¢, < é&; and Anw <0 if ¢, > ¢,. O

Proof of Lemma [3l When the firm does not join the sharing market, its optimal profit

)0(k+1)?((1—o)(1—up)+ur)?
(1-a)0(1—up)?+(1-0)u?)
(0—1)ur (ab(up— 1)+uL) 2xN _ (1-0)0((1—a)(1—ug)+ur)?

a20(up—1)2+4(0—1)u2 * k2 A(1—a)0(1—up)?+(1—0)u?)

with given quality k is 7V = (1_5 — ck?. Then, given the assumption

of ¢ >

— ¢ < 0 because otherwise, the

optimal quality will be as large or small as possible, which is unrealistic. So 7V is concave

in k. Thus, the optimal quality decision k" is obtained in 2=~ = 0. By substituting &~ into
PN, p, n¥, and 7V in Lemma [l we can easily obtain p, n’¥, p, nl, and mi. O

Proof of Lemma [4. When the firm joins the sharing market, its optimal profit with given

_ (=0)(k+D)’ur (ur—af(l—up))
4(1-0)u? —a?(1—up)?
(0—VDur(ablug—1)4ur) 8275 _ (1—0)urp(ur—ab(l—ug))

a?0(ug—1)2+4(60—1)u? > 9k2 T 4(1-0)u? —a2f(1—upy)?

quality k is 7° — ck? — ¢,. Then, given the assumption of ¢ >

— ¢ < 0, because otherwise the optimal

quality will be as large or small as possible, which is unrealistic. So 7 is concave in k.

Thus, the optimal quality decision &° is obtained in 8g—;v = 0. By substituting £° into

p°,ns p% n?, and ¥ in Lemma , we can easily obtain p{,n3, p3,n3, and w7 O

Proof of Proposition [d. Let K| = (4(1—0)u%—a20(1—uf1)2)(fa@;@%“g;fféj;’g? —c) <0,

1-0)0((1—a)(1—u u
Ky = (4((1 = )f(1 = ug)? + (1 = 6)ud)) ({2 lotlinn, — ¢) < 0, and Ky = (=(1—

a)al(1 —ug)?*+ (2 —a)0(1 —ug)ur —2(1 —0)u?2)? > 0. Thus, Ak = % > 0. Note that

(1—0)ur (up—ab(1—up)) (1-0)0((1—a)(L—up)+ur)? O
4(1-0)u? —a?0(1—up)? 4((1—a)0(1—up)2+(1-0)u? )"

Proof of Proposition |5 We first investigate the difference between the selling prices. Let
Ky =2u? —0((2 — a)(1 —ug)ur, — (1 — a)a(l — uy)? + 2u?) > 0 when 0 < 6y, Ap;, =

K1I§<42CuLK57 where K5 = c(2a(1 — ug)((1 — @)0(1 —ug)? + (1 — 0)u?) + (1 — Our((1 —

a)(l —ug) +up)((1 —O)up, — 01 —ug))). If (1 —0)uy, —0(1 —ug) > 0, Apy > 0; and

: (1=0)ur, (1—0)(1—ug)+ur ) (1-0)up,—0(1—ug))
if (1—0)ur—0(1—wug) <0, Apr > 0 when ¢ > — 25(1wH)((172)9(12}[)2“1%)%) =2y

(1-0)ur (up —ab(1—ug)) (1-0)ur (1—a)(1—ugy)+ur)(1—0)ur, —0(1—ugy))
We have ¢ > qazg gtz >~ sa(um) (=a)f—um T (-0y3) - Lhus, Apg > 0.

Next, the difference between the selling quantities Agy = —%K where K¢ = 2(2 —

)1 = ug)e — (1= O)((a + (1 — u) + ug). Ko > 0 when ¢ > =00l unpiu)
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(1-0)ur (up—ab(1—ug)) . (1-0)ur (up—ab(l—ug)) 1-0)(1—a)(1—ug)+ur)

H-0)02 —aZo(i—upy?  and Ko < 0 when Famgintgn—rns < ¢ < S (i—ar) - Ve

(A-0)((1—a)(1—up)+ur)
2(2—a)(1—up)

denote as ¢;. Thus, Agy > 0 when ¢ < ¢;; and Agy, < 0whenc>¢,. O

Proof of Proposition [6l We first investigate the difference between the sharing prices.

Apgp = =54 K where K7 = (1 — 0)ug((2 — O)ug — (o + 1DO(1 — ug)) — c(4(1 — 0)u? —

KiKoup,

1-0)ur{2ur—0[(1+a)(1—u u 1-0)ur (urp,—ab(1—u
200 (ug — 1)%). We denote ¢, = (1=6) Af(i—OL)u%KQZQ()l(—uH§I2)+ Ll and Cps > (4(1_)9)2(%f029(§_uHH))2).

Thus, Aps, < 0 if ¢ > ¢,5; and Apg, > 0 if ¢ < ¢,5. Then, we investigate the difference
between the numbers of renters. An,j = %Kg, where Kg = c(4(1—0)u? —2a0(ugy —1)%) —

(1-0)0((1 — )1 —ug) +ur)(ur — a(l —ug)). Kz > 0 because ¢ > (i(_le_);‘)z(%“f;;ze((ll_;g? >

0(1-0)[(1—a)(1—upg)tur]ur—a(l—ug)]
4(1*9)11%?2&9([1/71;{)2 H . Thus, Anrk > 0

Proof of Proposition The difference between the firm’s profits is Am, = ¢5 — ¢,, where

o — (1-0)[—a(1-a)0(1—upg)?+(2—a)0(1—up)ur, —2(1—0)u? |2
57 [(4e—1)(1—-0)ui —a20c(1—ug )?+af(1—0)ur (1—ug ) {4c[(1—a)0(1—ug )2 +(1-0)u? |-0(1-0)[(1—a) (1—ug)+ur]?}’

¢s > 0. Thus, there exists a threshold ¢, such that Am, > 0 if ¢, < é&,; and Am, < 0 if

Cg > Cs. O

24

and



O©CO~NOOOTA~AWNPE

References

Agrawal, V. V. and Bellos, I. (2016). The potential of servicizing as a green business model.
Management Science, 63(5):1545-1562.

Agrawal, V. V., Ferguson, M., Toktay, L. B., and Thomas, V. M. (2012). Is leasing greener than
selling? Management Science, 58(3):523-533.

Anderson, S. P. and Ginsburgh, V. (1994). Price discrimination via second-hand markets. European

FEconomic Review, 38:23-44.

Bai, J., So, K. C., Tang, C. S., Chen, X., and Wang, H. (2018). Coordinating supply and demand
on an on-demand service platform with impatient customers. Forthcoming in Manufacturing

& Service Operations Management. https: //dot. org/10. 1287/ msom. 2018. 0707,

Ballis-Armet, 1., Shaheen, S. A., Clonts, K., and Weinzimmer, D. (2014). Peer-to-peer carsharing:
Exploring public perception and market characteristics in the san francisco bay area, california.

Transportation Research Record, 2416(1):27-36.

Bellos, 1., Ferguson, M., and Toktay, L. B. (2017). The car sharing economy: Interaction of business
model choice and product line design. Manufacturing € Service Operations Management,
19(2):185-201.

Benjaafar, S., Ding, J.-Y., Kong, G., and Taylor, T. (2018a). Labor welfare in on-demand service

platforms. Working paper.

Benjaafar, S., Kong, G., Li, X., and Courcoubetis, C. (2018b). Peer-to-peer product sharing:
Implications for ownership, usage, and social welfare in the sharing economy. Management

Science.
Chen, J., Esteban, S., and Shum, M. (2013). When do secondary markets harm firms? American

Economic Review, 103(7):2911-34.

Clark, M., Gifford, K., and Le Vine, S. (2014). The usage and impacts of emerging carsharing
business models: evidence from the peer-to-peer and business-to-business market segments.

Technical report.

Cullen, Z. and Farronato, C. (2014). Outsourcing tasks online: Matching supply and demand on

peer-to-peer internet platforms. Job Market Paper.

25


https://doi.org/10.1287/msom.2018.0707

O©CO~NOOOTA~AWNPE

Desai, P. and Purohit, D. (1998). Leasing and selling: Optimal marketing strategies for a durable

goods firm. Management Science, 44(11-part-2):S19-S34.
Desai, P. S. and Purohit, D. (1999). Competition in durable goods markets: The strategic conse-
quences of leasing and selling. Marketing Science, 18(1):42-58.

Fradkin, A., Grewal, E., Holtz, D., and Pearson, M. (2015). Bias and reciprocity in online reviews:
Evidence from field experiments on airbnb. In Proceedings of the Sizteenth ACM Conference

on Economics and Computation, pages 641-641. ACM.

Fraiberger, S. P. and Sundararajan, A. (2017). Peer-to-peer rental markets in the sharing economy.
Working paper.

Hendel, 1. and Lizzeri, A. (1999). Interfering with secondary markets. The Rand Journal of
Economics, pages 1-21.

Hendel, I. and Lizzeri, A. (2002). The role of leasing under adverse selection. Journal of Political
Economy, 110(1):113-143.

Jiang, B. and Tian, L. (2016). Collaborative consumption: Strategic and economic implications of
product sharing. Management Science, 64(3):1171-1188.

Johnson, J. P. (2011). Secondary markets with changing preferences. The RAND Journal of
Economics, 42(3):555-574.

Johnson, J. P. and Waldman, M. (2003). Leasing, lemons, and buybacks. RAND Journal of
Economics, pages 247-265.

Kaya, M. and Ozer, O. (2009). Quality risk in outsourcing: Noncontractible product quality and

private quality cost information. Naval Research Logistics (NRL), 56(7):669-685.

Lee, M.-K., Kim, S.-B., Kwon, H.-M., and HONG, S. H. (2004). Economic selection of mean value
for a filling process under quadratic quality loss. International Journal of Reliability, Quality
and Safety Engineering, 11(01):81-90.

Nijland, H., Van Meerkerk, J., and Hoen, A. (2015). Impact of car sharing on mobility and co 2

emissions. PBL Netherlands Environmental Assessment Agency. PBL Publication, (1842).

Orsdemir, A., Deshpande, V., and Parlaktiirk, A. K. (2018). Is servicization a win-win strat-
egy? profitability and environmental implications of servicization. Manufacturing & Service

Operations Management.

26



O©CO~NOOOTA~AWNPE

Rochet, J.-C. and Tirole, J. (2006). Two-sided markets: a progress report. The RAND journal of
economics, 37(3):645-667.

Tagaras, G. (1994). Economic acceptance sampling by variables with quadratic quality costs. IIE

transactions, 26(6):29-36.

Taylor, T. A. (2018). On-demand service platforms. Manufacturing € Service Operations Manage-
ment, 20(4):704-720.

Tian, L. and Jiang, B. (2018). Effects of consumer-to-consumer product sharing on distribution
channel. Production and Operations Management, 27(2):350-367.

Van der Linden, D. F. (2016). Explaining the differential growth of peer-to-peer car-sharing in

european cities. Master’s thesis.

Weyl, E. G. (2010). A price theory of multi-sided platforms. American Economic Review,
100(4):1642-72.

Zervas, G., Proserpio, D., and Byers, J. (2015). A first look at online reputation on airbnb, where

every stay is above average. Working paper.

27





