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Abstract

I study the complexities of market dynamics through the lens of investigating counterfeit goods, online
platforms' tipping policies, and probabilistic price promotions. This dissertation consists of three essays
that examine the strategic interactions between companies and consumers, aiming to offer insights into
solutions companies can make to both better protect consumers' rights and enhance their profits.

In the first essay, I investigate the issue of counterfeits in online marketplaces, focusing on credence
goods whose quality is, by definition, hard to ascertain even after consumption (e.g., nutritional
supplements). I analyze a two-stage competition between genuine sellers and counterfeiters. I show that
counterfeiters may utilize fake reviews to deceive consumers, and that reducing the prevalence of fake
reviews can be achieved by platforms emphasizing the product-dependency of badges, ultimately
advocating for consumer protection regulations.

In the second essay, I address the issue of “tip baiting” in online food delivery platforms, where some
consumers may promise large tips before delivery for better service but reduce them post-delivery. Through
a duopoly model, I investigate the effects of adjustable (or non-adjustable) tipping policies on platform
profits, consumer behavior, and delivery performance. I discover that platforms favor adjustable tipping
policies, which, while beneficial to them, disadvantage fair consumers and workers. This suggests a need
for regulatory oversight to protect the rights of fair consumers and workers against the exploitative potential
of the tip baiting practice.

In the third essay, [ explore the design of probabilistic price promotions in a competitive setting, where
firms offer consumers the chance to pay a promotional price or the full price through a lottery. The study
focuses on the “zero-price effect,” where free products are perceived to have higher intrinsic value. I
establish that a simple lottery, wherein consumers either receive the product for free or are offered to pay

the original list price, is more profitable than a complex lottery with many promotional prices.

Keywords: Game Theory, Credence Goods, Fake Reviews, Two-Sided Platforms, Probabilistic Price

Promotions, Behavioral Operations
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Summary for Lay Audience

This thesis examines how some of the online shopping and services we use every day can be improved for
everyone involved. First, [ study the impacts of fake credence goods (e.g., health supplements) on consumer
surplus. This issue is even more challenging when some sellers also acquire fake product reviews to mislead
consumers and boost sales. I find that online platforms can combat fake reviews by, for instance, clearly
highlighting that badges are product-dependent.

I also study food delivery platforms’ optimal tipping policy and whether they should allow consumers
to adjust the tips after delivery has been completed. While placing orders, it is common for customers to
specify a tip in order to receive faster delivery. However, some consumers would abuse platforms’ tipping
policy and intentionally renege on the tip they promised; a practice known as “tip baiting.” My research
suggests that platforms would always prefer to allow consumers to ex post adjust tips, even in the presence
of tip baiting behavior; however, such a generous tipping policy would hurt consumers and workers. Hence,
I advocate that third-party regulators need to intervene to safeguard consumers’ and workers’ rights, as
platforms may lack the incentive to do so beyond a certain point.

Finally, I explore the optimal design of probabilistic promotions that give customers a chance to draw a
lottery which determines the product price. I show that when properly designed, a simple lottery, where
consumers either receive the product for free or are offered to pay the list price, is more profitable than a

complex lottery with many promotional prices.
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Chapter 1

1 Introduction

In this dissertation, I study the strategic interactions between consumers and firms in both online and offline
markets. In the online platform setting (e.g., Amazon), counterfeits are a persistent problem and consumers
often need to rely on external signals, such as product badges that are granted based on the fraction of
positive reviews, to infer product quality. Indeed, Trustpilot (2019) finds that 77 percent of customers are
more likely to purchase when products have badges. Therefore, the demand expansion effect of badges
creates incentives to game the system. Specifically, unethical sellers may strategically acquire fake product
reviews, which increase the chance of receiving badges, to mislead consumers. For example, AMZTigers
claims that it can help sellers achieve Amazon’s Choice badge for their products in less than two weeks
(Walsh 2021).

Strategic interactions also exist in other online settings, such as on food delivery platforms, where
consumers often specify a tip that they will give to delivery workers prior to delivery, in hopes of receiving
a fast delivery. Upon completion of the delivery, consumers may be able to reduce their tip if the platform
implements an adjustable tipping policy (e.g., Uber Eats). In this case, some consumers may strategically
promise a large tip in order to expedite the delivery process, but deliberately reducing the tip to zero once
the delivery is completed; a practice termed “tip baiting.” For instance, an Uber Eats driver complained that
a customer tip-baited her, as she delivered the food in a short time but her $13 tip was reduced to zero after
delivery (Lenzen 2022).

Similarly, in the offline retail setting, firms are increasingly offering a new type of price promotions,
probabilistic promotions, to take advantage of consumers’ cognitive bias known as zero-price effect. In
these promotions, firms strategically design the promotion parameters regarding the number of promotional
prices, the chance of winning, and the list price. Supporting the case for this type of promotions, empirical
research have found that compared to equivalent fixed price promotions, probabilistic price promotions can
be more effective as they increase purchase likelihood (e.g., Choi and Kim 2007, Mazar et al. 2017, Hock
et al. 2020).

The purpose of this thesis is to examine the strategic interactions among various stakeholders to provide

managerial insights and better protect consumers’ rights when firms may lack the incentive to do so.

1.1 Overview of Thesis and Specific Essays

In Chapter 2, I examine the issue of counterfeits in the presence of online fake product reviews. There are
many studies on this research topic (e.g., Qian 2014, Cho et al. 2015, Gao et al. 2016, Pun and DeYong

2017, Shen et al. 2022). However, they either focus on non-deceptive counterfeits or study



search/experience goods. My essay differs as I focus on deceptive counterfeits of credence goods, where
consumers are unable to accurately assess product quality even after consumption.

I extend the literature by considering a market in which a genuine seller and a deceptive counterfeiter
sell products under the same product listing. The products they offer are credence goods, meaning that their
quality is difficult to determine even after purchase. Therefore, consumers rely on external signals, such as
product badge, to infer product quality. Although prohibited by Amazon, the sellers may risk acquiring fake
reviews, which increase the chance of obtaining such badges, to mislead consumers. Surprisingly, I find
that the authentic seller would not acquire any fake reviews in equilibrium, whereas the counterfeiter may
acquire some to mislead customers. Moreover, the units of acquired fake reviews decrease in the fraction
of savvy consumers. This result offers important managerial insights that the operating platform can combat
fake reviews by increasing the fraction of savvy customers. With regard to the impact of fake reviews, |
show that having an option to acquire fake reviews may benefit both sellers, but always hurts consumers.
Hence, the results advocate the necessity of regulating fake reviews to protect consumers’ rights.

In Chapter 3, I investigate the impacts of platforms’ tipping policies on consumers’ ordering and tipping
behaviors, delivery workers’ efforts decisions, and platforms’ profitability. Existing literature focuses on
the case where workers’ compensation solely come from the wage they receive from platforms (e.g., Rochet
and Tirole 2003, Armstrong 2006, Bai et al. 2019, Zhang et al. 2022, Hu and Liu 2023). This essay
contributes to this literature by also considering the impacts of consumers’ tip on workers’ total earnings
and platforms’ optimal wage and price decisions.

Since not all consumers intentionally reduce their tips after delivery, I consider a duopoly model
consisting of two types of consumers: selfish consumers, who may engage in tip baiting, and fair consumers,
who do not. I find that regardless of the fraction of selfish consumers, both platforms prefer the adjustable
tipping policy over the non-adjustable one. This result has managerial implications that platforms with the
non-adjustable policy can further enhance their profits by switching to the adjustable policy. Further, I show
that platforms only have incentives to keep the fraction of selfish consumers sufficiently low, but not lower.
However, the existence of selfish consumers always hurts those honest fair consumers and workers. Hence,
I advocate that third-party regulators need to intervene to safeguard fair consumers’ and workers’ rights, as
platforms may lack the incentive to do so beyond a certain point.

In Chapter 4, I study the optimal design of probabilistic price promotions where consumers through a
lottery are either offered one of many promotional prices, including zero, or offered to purchase products
at the original list price. There are many empirical research on probabilistic price promotions (e.g., Choi
and Kim 2007, Mazar et al. 2017, Hock et al. 2020). However, very few analytical studies exist. Thus, this
paper aims to fill the literature gap by offering an analytical framework of probabilistic promotions to offer

insights into the optimal design of probabilistic promotions.



In the final Chapter 5, I present an overview of the main results and the related managerial insights.
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Chapter 2
2 Effect of Counterfeits and Fake Reviews in Markets for Credence

Goods

Abstract: Counterfeits are a persistent problem in online marketplaces, in particular regarding credence
goods (e.g., nutritional supplements), as their qualities are difficult or impossible to evaluate even after
consumption. Concerned about product quality, customers frequently rely on external signals, such as
product badges based on ratings. However, even product ratings are not foolproof as unethical sellers may
acquire fake positive reviews to exploit product ratings and badge systems. To analyze the impact fake
reviews have on credence goods, I consider a two-stage competition between an authentic seller and a
deceptive counterfeiter. The market consists of two types of consumers: savvy customers, who understand
that endorsement badges are product-dependent and not seller-dependent, and novice customers, who
mistakenly believe product badges testify to a seller's authenticity. In the first stage, both sellers
simultaneously decide on whether to acquire fake reviews, which partially influences if the product receives
an endorsement badge. In the second stage, both sellers simultaneously set their prices and customers make
purchasing decisions. The results indicate that, in equilibrium, the authentic seller does not acquire fake
reviews, while the counterfeiter may do so to mislead customers. Moreover, the amount of fake reviews is
decreasing in the fraction of savvy consumers, suggesting that online platforms can combat fake reviews
by, for instance, clearly highlighting that badges are product-dependent. I also find that having the option
to acquire fake reviews may benefit both sellers but always hurts consumers, emphasizing the need for

regulation to protect consumers.
Key words: credence goods, deceptive counterfeits, fake reviews, product badges

2.1 Introduction

Online marketplaces have grown rapidly in recent years. In 2020, more than 256 million Americans were
online consumers (Statista 2021). However, online consumers are plagued by counterfeits that are often
sold by unscrupulous third-party sellers in e-commerce platforms. The U.S. Government Accountability
Office (2018) finds that 20 out of 47 items purchased from third-party sellers across Amazon, Walmart,
eBay, Sears Marketplace and Newegg are counterfeits.

Concerned about product quality, online customers may rely on external signals (e.g., product reviews
and badges) to infer product quality prior to purchase. However, relying solely on product reviews can be
time-consuming and overwhelming, as customers have to read through a large number of reviews to form

an opinion about a product's quality. By contrast, because product badge (e.g., Amazon's Choice) is awarded



to highly rated products, customers often regard the badge as a shortcut to quickly identify high-quality
products. Indeed, Trustpilot (2019) finds that 77 percent of customers are more likely to purchase when
products have badges.

Unfortunately, Amazon’s Choice can be misleading. A product listing may be occupied by multiple
sellers, with one seller listed as default seller and others as alternate sellers. Because Amazon’s Choice is
displayed only on the page of default seller, some customers might be misled to believe that the badge is
awarded to the default seller. For example, Awesome Dynamic (2021) mistakenly states that “Amazon
awards the Amazon’s Choice badge to those sellers who constantly deliver stellar performance...” However,
the badge is in fact awarded to a highly rated product (Amazon 2023). Additionally, unethical sellers may
game the badge system by acquiring fake positive product reviews. For instance, sellers can use private
Facebook groups to recruit reviewers to purchase their products and leave five-star reviews, and then these
reviewers are reimbursed via PayPal (Proserpio et al. 2020). The five-star reviews boost the chance of
obtaining Amazon’s Choice badge (Simmonds 2020). In addition to directly acquiring fake reviews from
customers, sellers can also resort to third-party companies specializing in “review campaigns.” For example,
AMZTigers claims that it can help sellers achieve Amazon’s Choice badge for their products in less than
two weeks (Walsh 2021). Because of fake reviews, even fake products can receive product badges. For
example, Amazon’s Choice was awarded to five fake cellphone chargers that claim Apple certification
(Shifflett et al. 2019).

Fake reviews can be particularly damaging to certain products. For experience goods (e.g., branded
shoes and luxury products), customers can often distinguish genuine products from fake products after
purchasing (Qian 2014, Pun et al. 2021a). Even when customers are duped into buying counterfeits, they
can report the counterfeits to online marketplaces in a timely manner and get refunded; the damage caused
by counterfeits is thus limited. By contrast, credence goods (e.g., nutritional supplements and N95 masks)
are products and services whose qualities are difficult to evaluate even after consumption (Darby and Karni
1973, Dulleck et al. 2011, Piccolo et al. 2018). As a result, customers cannot perfectly differentiate genuine
products from counterfeits even after consumption, and the damage of counterfeiting is much more
profound. For example, a customer did not know the Align (a Procter & Gamble brand) nutritional
supplements she purchased from Amazon were fake until receiving an email notification from Amazon
(Matsakis 2019). Similarly, Nutramax (2019) finds that an unscrupulous seller, BluTiger, sells counterfeit
versions of Avmacol nutritional supplements on Amazon. In addition, 3M Company accuses a third-party
seller on Amazon of selling counterfeit versions of its N95 masks, which are supposed to block 95 percent
of small particles (Hufford 2020). Counterfeit masks are even more damaging during the pandemic, as

customers may not realize their masks are counterfeits even after they get sick.



Although fake reviews exist in online marketplace, little is known about who acquires them and the
quantity acquired. On one hand, acquiring fake reviews can be profitable, as a study involving 37,000
products on Amazon finds that on average, Amazon’s Choice increases 17% in daily views and 25% in
sales conversation rate of a product (Skrovan 2018). On the other hand, in addition to the monetary cost of
fake reviews, the practice of acquiring fake reviews is strictly prohibited by Amazon, and legal actions and
penalties would follow if sellers are caught acquiring fake reviews. Hence, it is unclear when it is profitable
for sellers to acquire fake reviews. Online marketplaces may have incentives to under-regulate fake reviews
too. He et al. (2021) empirically document that Amazon does not use all the potential policy levers to
regulate fake reviews and takes over 100 days on average to delete them, suggesting that Amazon may
benefit from fake reviews which increases its revenue by generating additional sales. Indeed, the U.S.
Federal Trade Commission and the UK Competition and Markets Authority consider that Amazon is not
taking sufficient actions to protect customers from fake reviews and warn the company of steep fines for
misleading customers (Jackson 2021). Hence, for regulators to better combat fake reviews and protect
consumers’ rights, it is important to study the incentives and impacts of fake reviews.

In this paper, I consider a market in which a genuine seller and a deceptive counterfeiter sell products
under the same product listing. The products they offer are credence goods, meaning that their quality is
difficult to determine even after purchase. Motivated by customers’ different perceptions of Amazon’s
Choice, I consider two types of consumers: savvy customers, who understand that Amazon’s Choice is
product-dependent and not seller-dependent, and novice customers, who mistakenly think the badge
testifies a seller’s authenticity. Although customers are uncertain about the authenticity of each seller, they
have a prior belief about it. Observing the endorsement badge makes novice consumers adjust their beliefs.
In the first stage, both sellers decide how many fake positive reviews to acquire simultaneously. Then, the
public is informed about whether the product has received the badge or not. In the second stage, both sellers
simultaneously set their prices. Later, the platform randomly selects one seller as the default seller and lists
the other as an alternate seller. Finally, customers arrive and make purchasing decisions. With this model
setup, I am interested in addressing the following research questions:

e Which seller acquires fake reviews?
e How many fake reviews are acquired?
e What are the impacts of having an option to acquire fake reviews on sellers and customers?

The results show that the authentic seller would not acquire any fake reviews in equilibrium, whereas
the counterfeiter may acquire some to mislead customers. Moreover, the units of acquired fake reviews
decrease in the fraction of savvy consumers. This result offers important managerial insights that the
operating platform can combat fake reviews by increasing the fraction of savvy customers. For example,

the platform can do so by providing more informative descriptions about the badge, making it clear that the



badge is product-dependent and not seller-dependent. Moreover, though the counterfeiter acquires fewer
fake reviews as the proportion of savvy customers increases, I find that fake reviews would not be
eliminated unless the product badge has limited impact on expanding the market base. Thus, the results
suggest that if platforms want to minimize fake reviews, they may consider re-positioning badge-winning
products to less prominent locations, such as the middle of the search engine results. With regard to the
impact of fake reviews, I show that having an option to acquire fake reviews may benefit both sellers, but
always hurts consumers. Hence, the results advocate the necessity of regulating fake reviews to protect
consumers’ rights.

The rest of this paper is organized as follows. I review the related literature in Section 2.2. Then, I present
the mathematical model in Section 2.3 and the equilibrium analysis in Section 2.4. Next, I examine the
impact of having an option to acquire fake reviews on sellers and consumers in Section 2.5. Finally, Section
2.6 concludes the paper. While I focus on deceptive credence goods in the paper, I also present the analysis

for other possible combinations of product characteristics in the Appendix Al.

2.2 Literature Review

This paper relates to the literature on counterfeits. There are multiple papers investigating the impact of
non-deceptive counterfeits, e.g., Gao et al. 2016, Pun and DeYong 2017, Ghamat et al. 2021, Yi et al. 2022.
This paper differs from these as my focus is on credence goods and hence on deceptive counterfeits. In the
market for credence goods non-deceptive counterfeits would not have a viable value proposition.
Comparing to studies in the literature of deceptive counterfeits, this paper differs by focusing on
credence goods, which are products that customers cannot perfectly differentiate between genuine and
counterfeit even after purchasing. This contrasts with the other studies that examine products which can be
distinguished either before purchasing (non-deceptive counterfeits) or after purchasing (deceptive
counterfeits with experience goods). For example, Qian (2014) considers three brand-management
strategies for competing against deceptive counterfeiters, including changing the quality of the authentic
product, investing in enforcement efforts, and using non-price signals. Cho et al. (2015) investigate
deceptive counterfeits in the context of a brand-name company, a counterfeiter, and a licit distributor, and
explore multiple deterrence strategies. Pun et al. (2021a) and Pun et al. (2021b) examine the impact of
adopting blockchain technology on deceptive counterfeiting. Shen et al. (2022) investigate the competition
between brand name companies and copycats in a market setting with novice and expert customers. In
contrast to these studies, this study uniquely contributes to the literature by identifying and developing
targeted strategies specifically tailored for credence goods, thereby enhancing our understanding of
consumer protection mechanisms in scenarios where product authenticity remains uncertain even post-

purchase.



Next, I briefly review the literature on credence goods. Darby and Karni (1973) introduce the term
‘credence goods’ to define products and services with qualities that are difficult to judge even after
consumption. Wolinsky (1993, 1995) cites a survey conducted by the U.S. Department of Transportation
estimating that more than half of car repairs are unnecessary. Dulleck et al. (2011) study the role of liability,
verifiability, reputation, and competition on credence goods markets. Zhou et al. (2022) consider a case of
credence goods where healthcare service providers have informational advantage over patients, leading to
incentives for overtreatment. Whereas the existing studies have almost exclusively focused on service, this
paper contributes to this literature by studying physical credence goods. Piccolo et al. (2018) is the closest
paper to mine. They consider a credence goods (physical product) market consisting of a high-quality seller
and a low-quality seller who can deceptively advertise its product. This paper differs from theirs, as I adopt
a two-period model where sellers may acquire fake product reviews in an earlier period, which in turn
affects customers’ purchasing decisions in a later period. By contrast, their paper studies advertising of
credence goods, using a single-period model.

Lastly, this paper relates to the literature on consumer reviews. For instance, He and Chen (2018), Yang
et al. (2021), and Guo et al. (2022) all investigate the impacts of consumer reviews on products’ optimal
price in the absence of fake reviews. This paper extends this literature by also considering the existence of
fake reviews that may distort consumers’ posterior beliefs about products’ authenticity, which in turn affects
products’ prices. In the domain of fake reviews, Glazer et al. (2020) attempt to model the impact of fake
reviews and find that fake reviews may benefit consumers and markets. Other studies have empirically
documented the manipulation of rating through fake reviews (e.g., Anderson and Simester 2014, Luca and
Zervas 2016, He et al. 2021). But these papers do not consider deceptive counterfeits or credence goods,
which make it even harder for customers to evaluate product quality.

To the best of my knowledge, this paper is among the first to analyze the implications of acquiring fake
reviews on deceptive credence goods in online marketplaces. Interestingly, I find that when the product is
credence goods, the authentic seller would not acquire any fake reviews, whereas the counterfeiter may
acquire some to mislead consumers. This result is new to the literature on counterfeits, where the impact of

fake reviews has mostly been overlooked.

2.3 Model Setup

Consider an incumbent authentic brand seller (seller A) that sells credence goods (e.g., nutritional
supplements/vitamins) to consumers on online platforms. Similar to Gao (2018), I define product quality
as the benefits conveyed by consuming the product, and use g > 0 to denote the quality of authentic product.
Furthermore, the product received an exogenous amount of R > 0 reviews from past sales. By the

definition of credence goods, consumers are not able to accurately assess product quality even after



consumption. Hence, some consumers may leave negative reviews even for products that in fact are
authentic. For this reason, I assume that 0 < m < 1 fraction of the product reviews are positive and the rest
of reviews are negative.

In the beginning of stage 1, an unauthorized counterfeiter entrant (seller C) joins seller A’s product listing
and starts to offer (fake) identical-looking products under the same listing. The two sellers have the same
marginal cost of production, which is normalized to zero. Due to the high fixed cost of research and
development, the counterfeiter is incapable of providing genuine products. Because fake
supplements/vitamins do not provide any benefits, the quality of fake product is zero.! As in Piccolo et al.
(2018), I assume that each seller knows her own type and competitor’s type (authentic or fake) from
insider/specialty information. However, consumers only have a prior belief about each seller’s type. Let
¢ € (0,1) denote consumers’ prior belief that each seller is authentic. On platforms where counterfeiting
products are prevalent, ¢ tends to be small. Whereas on platforms that take serious actions against
counterfeits, ¢ tends to be large.

In Figure 2.1, I attach a screenshot from Amazon to illustrate consumers’ buying process. When
consumers click on their desired product listing, they are directed to the page featuring a default seller
(Curious Buy Nature, on the left of Figure 2.1) and can browse the product from an alternate seller (Vitamin
King, whose page is shown on the right of Figure 2.1) under the box “Compare Offers on Amazon.” Because
the two sellers sell under the same product listing, they share the section of product reviews so that
consumers cannot infer individual seller’s type (authentic or fake) from the product review section (For
example, both sellers share 457 product ratings).? However, consumers may update their beliefs upon
observing the prominent “Amazon’s Choice” badge. Because “Amazon’s Choice” is only displayed on the
page of default seller (the page of alternate seller does not display the badge, as shown in the right panel of
Figure 2.1), some consumers might be misled to believe that the badge is awarded to the default seller,
while in fact it is awarded to a highly rated product. See Awesome Dynamic (2021) and DataHawk (2022)
for examples wherein people incorrectly state that “Amazon’s Choice” is awarded to sellers, when it is

actually awarded to products.

1t is also possible that the fake product might be even detrimental to consumers’ health, representing a negative
product quality. However, this case will not qualitatively affect these results, as I can normalize the negative quality
to zero.

2 Consumers can see ratings/reviews for specific sellers by clicking on the seller ID. However, those reviews are for
all the products sold by that seller. Therefore, it is almost impossible for consumers to trace specific reviews for the
focal product from that particular seller.
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Figure 2.1. Two Sellers under the Same Product Listing

I capture this consumer heterogeneity by considering two types of consumers. A fraction 0 < a¢ < 1 of
consumers are savvy consumers who understand that Amazon’s Choice is product-dependent and not seller-
dependent, hence observing the badge (if any) does not update their beliefs about an individual seller’s type.
The other fraction 1 — a of consumers are novice consumers who mistakenly think the badge testifies a
seller’s authenticity, hence incorrectly updating their belief about the default seller’s authenticity and
preferring the default seller (with badge) over the alternate seller (without badge).

Sellers have incentives to manipulate the product reviews so that the product has a higher chance of
receiving the badge, which grants two benefits. First, a study involving 37,000 products on Amazon finds
that on average, Amazon’s Choice increases 17% in daily views and 25% in sales conversation rate of a
product (Skrovan 2018). Thus, I assume that if the product receives the badge, then the product’s market
size is increased to T = 1. When 7 = 1, receiving the product badge does not affect the market size (the
market size without the badge is normalized to 1). When t > 1, receiving the badge has a market expansion
effect. Because the badge is awarded to a product rather than a particular seller, this market expansion effect
is shared by both default seller and alternate seller. Second, novice consumers incorrectly update their
beliefs about a seller’s authenticity upon observing the badge, enabling the seller to charge a higher price.

Both sellers simultaneously decide how many units of fake positive reviews to acquire. Empirical
findings suggest that sellers pay a commission fee for every fake review acquired (He et al. 2021), and I
use [ > 0 to denote the unit cost of acquiring fake reviews. However, the practice of acquiring fake reviews

is strictly prohibited by the operating platform (e.g., Amazon), and legal actions and penalties would follow
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if sellers are caught acquiring fake reviews. I use a parameter y; = 0 to indicate the expected sanction cost
per fake review for seller i,i € {4, C}. Alarger y; may reflect either more severe sanctions or more intensive
monitoring by the operating platform. Similar to Piccolo et al. (2018), I assume y; is a per unit cost
parameter, because the expected sanction cost depends on the probability of getting caught, which increases
in the quantities of fake reviews acquired. In addition, authentic sellers often face heavier expected sanction
cost than counterfeiters do, as the latter usually reside in countries with more relaxed regulations and foreign
lawsuits can be hard to pursue. Therefore, y4 > y. = 0, and I normalize to have y = 0. The total cost of
acquiring fake reviews is thus (S + y4)f4 for seller A and B f; for seller C, where f; = 0 represents the
units of fake positive reviews acquired by seller i. Motivated by Amazon’s Choice, which is a badge given

to highly rated products, I assume that the probability of receiving the badge is positively related to the

fraction of positive product reviews. Hence, the probability of a product receiving badge is %,
ATJC
where the numerator represents the amount of positive reviews and the denominator corresponds to the total
number of reviews.
After acquiring fake reviews, the product may or may not receive the badge. In section 2.3.1, I discuss
the case where the product receives the badge. In section 2.3.2, I consider the other case where the product

does not receive the badge. In section 2.3.3, I summarize the game sequence.

2.3.1 Consumer Expectations With Product Badge

In the presence of product badge, the total market size becomes 7. Upon receiving the badge, both sellers
simultaneously decide their respective prices in the beginning of second stage. In the model, the
counterfeiter would earn zero demand if customers are able to identify her type, as no customers would
knowingly buy fake supplements/vitamins that have zero quality. Therefore, the counterfeiter will always
mimic the authentic seller’s price, as any price difference will reveal the counterfeiter’s type—that is, p; =
p_; = p*, which is the pooling equilibrium price and I provide detailed explanations in Section 2.4. This is
also consistent with my example in Figure 2.1, where both sellers set the price to be $26.99. If the customers
observe a nonequilibrium price from just one seller—that is, p; # p_; = p*—they believe that seller i is a
counterfeiter. Such belief about nonequilibrium price is standard when characterizing pooling equilibrium,
see Moraga-Gonzalez 2000, Gao 2018, Piccolo et al. 2018, Pun et al. 2021b. Note that a separating
equilibrium, where sellers charge different prices, is not possible in my model, because it would reveal a
counterfeiter’s type and no customers would knowingly purchase products of zero quality (note that for a
separating equilibrium to possibly sustain, the fake product would need to have a positive quality, though
lower than that of the authentic product). Hence, the model only has a pooling equilibrium where both

sellers charge the same price.
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Once prices have been set, one of the sellers will become the default seller and the other becomes the
alternate seller. According to Amazon, sellers can do a list of things to increase the chance of becoming the
default seller, including pricing competitively, offering free shipping, and keeping enough stocks (Amazon
2022). Since I am not modelling product shipping and inventory in this paper, | assume that when the two
sellers charge the same price, each seller has 1/2 chance to become the default seller.

Upon observing the prices of default seller (whose page displays the product badge) and of alternate
seller (whose page does not display the badge), customers make purchasing decisions. Because customers
are uncertain about seller’s type, their purchasing decisions are based on the product’s perceived quality,
instead of the product’s exact quality. Customers are heterogeneous in their valuation of a product, and the
valuation (v) is uniformly distributed over [0,1].

For savvy customers, they understand that the badge is product-dependent and not seller-dependent,
hence observing the badge (if any) does not update their beliefs about a seller’s type. In addition, because
both sellers would charge the same price in equilibrium, savvy customers remain indifferent between
purchasing from the two sellers. Therefore, a savvy customer’s expected utility of buying from seller i is
U? = ¢qv — p;. For novice customers, they mistakenly believe that the default seller with badge must be
authentic. Hence, a novice customer’s perceived expected utility of buying from the default seller, say seller
i,is UN = qv — p;. Moreover, a novice customer will never buy from the alternate seller, because (1) the
default seller is perceived to be authentic whereas the alternate seller may be fake and (2) both sellers charge

the same price.

2.3.2 Consumer Expectations Without Product Badge

In the absence of product badge, the total market size remains one. In this case, savvy consumers and novice
consumers are effectively the same, as novice consumers do not update beliefs without observing the badge.
Therefore, both types of consumers are indifferent between buying from the two sellers; the expected utility
of buying a product from seller i is U; = U7 = ¢qv — p;. The rest of the model is the same as in section

2.3.1.

2.3.3 Summary of Game Sequence

Figure 2.2 summarizes the sequence of events. At the beginning of first stage, the counterfeiter enters the
market by joining the product listing. Then, both sellers simultaneously decide how many units of fake
positive reviews to acquire. Next, whether the product listing receives the badge or not is revealed to public.
In the beginning of the second stage, both sellers simultaneously decide their prices, respectively. Later,
one of the sellers is randomly chosen by the platform as the default seller, while the other is listed as an

alternate seller. Finally, customers arrive and decide whether to buy from seller A, or seller C, or neither.
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A decides f, Adecides p , Customers decide

C decides f, C decides p,, whether to buy
C enters Reveal badge status Reveal default seller
\ J \ J >
Y t
First stage Second stage

Figure 2.2 Sequence of Events

2.4 Equilibrium Analysis

As mentioned above that the model has only pooling equilibrium, as separating equilibrium would reveal a
counterfeiter’s type and no customers would knowingly buy fake supplements that have zero quality.
Furthermore, I derive the perfect Bayesian equilibrium (PBE) and adopt the strongly undefeated perfect
Bayesian equilibrium (SUPBE) to refine the pooling equilibrium (Mailath et al. 1993). As detailed in
Miklos-Thal and Zhang (2013) and Gao (2018), the SUPBE yields the high-quality seller the highest profit
among all possible pooling PBEs. Using this SUPBE refinement, I am able to derive a unique pooling PBE

by solving seller A’s profit maximization problem, given that seller C will always mimic seller A’s price.

2.4.1 Equilibrium Price

The optimal pooling price depends on whether the product receives the badge or not. I use the superscript
B and NB to denote the case where the product badge is and is not granted, respectively. I solve the two
subgames using standard backward induction technique. Proofs of all formal results are given in the
Appendix A2.

First consider the case where the product receives the badge (section 2.3.1). Let pZ denote the pooling
price that sellers charge when the product receives badge. In the second period, knowing that seller C would

follow seller A’s price, I can express seller A’s profit maximization problem as follows:

max né?) = (a—Tf dv+(1—-a)= f v). (2.1)
pBz 2 v:pqu—pB=0 v:qu-pB20

The objective function states that for the a fraction of savvy consumers, they randomly with equal
probability buy from a seller when purchasing the product provides non-negative utility; for the other 1 —
«a fraction of novice consumers, they will only purchase from the default seller, whom each seller has 1/2

chance to become. Lemma 2.1 characterizes the optimal solution of problem (2.1).

q¢

Lemma 2.1. When product receives the badge, the optimal pooling price is p® = Tt —DP)
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Next, I analyze the case where the product does not receive the badge (section 2.3.2). Let p™VB denote
the pooling price that sellers charge when the product does not receive badge. Knowing that seller C would

follow seller A’s price, I can express seller A’s profit maximization problem as follows:

NB(..NBY _ ..NB _
e M"@") =p dv. (2.2)

2 -L:d)qv—pNBZO
In the absence of badge, novice consumers do not receive additional information to infer a seller’s type and

effectively behave the same as savvy consumers do. Lemma 2.2 characterizes the optimal solution of

problem (2.2).

Lemma 2.2. When product does not receive the badge, the optimal pooling price is pNB Y= qz_¢>‘

2.4.2 Optimal Amount of Fake Reviews

In stage 1, sellers simultaneously and individually decide how many units of fake reviews to acquire,
maximizing their own expected profits before knowing if the product would receive the badge. Specifically,
seller i’s expected profit maximization problem can be expressed as:

R = i —i * R * i —i *
max B1;(f)] = R'Z;’;;f n? (o) + (1 - R'i;’;;f ) () - B+ vfi 23)

Rxm+fi+f_;

where
R+fi+f_i

represents the probability of receiving badge. Proposition 2.1 presents sellers’ optimal
acquiring quantities of fake reviews.

Proposition 2.1. There exists a unique threshold E such that the optimal units of fake reviews to acquire

are
fa =0,

J2qoREA—m)(a + (1 - )P T — (¢ + (1 — d)a)) —4RB( + (1 — P)a) if B <3
f = 4B(a+ (1 — a)¢) ’ '

0, if B=PB,

where [—; — qp(1-m)(r—(¢p+(1-¢)m))
- 8R(a+(1-a)¢p) )

Note that the authentic seller would not acquire any fake reviews in equilibrium (f," = 0), which is
consistent with empirical findings that fake reviews are mostly acquired by sellers with low-quality
products (He et al. 2021). When the unit cost of fake review is low (8 < f), acquiring fake reviews is a
sound business as it increases the probability of receiving product badge, which in turn helps (1) increase

the market size and (2) convince novice consumers of the default seller’s authenticity. Hence, seller C would

15



acquire a positive number of fake reviews. By contrast, the authentic seller would not acquire fake reviews
for two reasons. First, due to the additional expected sanction cost, acquiring fake review is costly to seller
A even though the unit cost of fake review is low. Second, because the badge is product-independent and
not seller-independent, seller A is able to share the benefits of seller C acquiring fake reviews. When the
unit cost of fake review is high (8 = B), the higher probability of receiving badge is not worth the
investment, hence neither seller acquires fake reviews.

Next, I summarize in Proposition 2.2 the impact of two parameters, namely the fraction of savvy

consumers («) and customers’ prior belief (¢), on sellers’ optimal quantity of fake reviews.

Proposition 2.2. Seller C's optimal quantity of fake reviews (f¢") has the following properties:

PE-m-pU-m)-8RE) . _ BRE+ap(1-m)
(1-$)BRE+ap(1-m) ag(-m)

. 8RB+qp(1-m)’

S ShATAeL M)

L YT a-m

* .
fc decreases in a.

Rl
Il

a. whena <

whena =@, f¢" = 0.
Ja

aTt—a
and
1-a

b. f¢" increases in ¢ if and only if and only fo<¢< ¢, where ¢ =
¢ =[p@BRE(@a—~ 1) +q(1-m)+a(m—1)) -

JBRB(1 — a) + q(a —ma — T + m1))2 — 32qaRB(1 —m — a + ma))]/[2q(1 —m)(1 — a)].
To derive further managerial insights, I illustrate Proposition 2.2a and 2.2b in the left and right panel of
Figure 2.3, respectively; withq =2,7=1,m = 0.6,R = 1,8 = 0.01, ¢ = 0.7 (left panel only), a = 0.5
(right panel only). Under this set of parameters, @ = 0.58, ¢ = 0.13, and ¢ = 0.41. In Figure 2.3, the

vertical axis corresponds to seller C’s optimal purchasing quantity of fake reviews (f¢"); the horizontal axis
represents the fraction of savvy consumers () in the left panel, whereas it represents customers’ prior belief

about a seller’s authenticity (¢) in the right panel.
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Figure 2.3. Impacts of a and ¢ on Acquiring Fake Reviews, Respectively

Proposition 2.2a has important managerial implication that the operating platform can combat fake
reviews by increasing the fraction of savvy customers (shown in the left panel of Figure 2.3). For example,
the platform can provide more informative and precise descriptions about the badge, making it clear that
the badge is product-dependent and not seller-dependent. Doing so would convert novice customers, at least
partially, to savvy customers who do not update beliefs about a seller’s type upon observing the badge.
Consequently, sellers’ incentives to acquire fake reviews diminish, and we observe that when ¢ < @ = 0.58,
the quantity of fake reviews acquired (f¢*) continues decreasing in a.

However, it remains unclear whether the quantity of fake reviews will keep decreasing such that it
eventually reaches zero. Specifically, if the market expansion effect (7) is sufficiently large, then seller C
may choose to acquire a positive quantity of fake reviews even if all customers were savvy customers (i.e.,

8RB+qp(1—-m)
qp(1-m)

seller C would always acquire positive units of fake reviews that are decreasing in a but never reach zero.

a = 1). It turns out that if the market expansion effect is larger than a threshold T = , then

By contrast, if the market expansion effect is less significant (7 < ), then seller C may completely stop
acquiring fake reviews if the market has enough savvy customers (@ > «). A related managerial implication
is that if combating fake reviews is the platform’s top priority, then the platform can lower the market
expansion effect of receiving the badge. Usually, products that receive the badge are exhibited at the top of
the platform’s search engine, hence receiving a lot of customer views. Thus, the platform can lower the
market expansion effect by re-positioning these products to less prominent locations, such as the middle of
the search engine results.

As shown in the right panel of Figure 2.3, there is a non-monotone change in f;" as ¢ increases. We
observe that seller C has no incentives to acquire fake reviews when the prior belief is either too low or too

high. When ¢ is too low (¢ < ¢), customers believe that the market is predominantly occupied by
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counterfeiters. In the presence of such pessimistic belief, sellers have to charge a low price, and the profit

margin is low such that sellers have no incentives to acquire fake reviews. By contrast, when ¢ is too high

(¢p = a = (0.77), customers are optimistic about interacting with authentic sellers, who are then empowered
to charge a high price because of products’ perceived high quality. As a result, the appeal of fake reviews

disappears.

When ¢ < ¢ < ¢, customers are skeptical about a seller’s type. Therefore, the benefit of signaling
authenticity to novice customers is large, and seller C acquires more fake reviews to increase the chance of
receiving the badge. Interestingly, when ¢ is in the intermediate range (¢ < ¢ < @), f" first increases and
then decreases in ¢. In contrast, when ¢ > ¢, customers are convinced of a seller’s authenticity, and the

appeal of fake reviews starts to decrease. Therefore, we observe a decrease in f" that eventually drops to

Z€rO0.

2.4.3 Consumer Composition Effect on Equilibrium Pooling Price

Next, I summarize in Proposition 2.3 the impact of the fraction of savvy consumers () and customers’

prior belief (¢), on the optimal pooling price.

Proposition 2.3. The optimal pooling price has the following properties:
a. when the product receives the badge, the optimal price p® " decreases in a.

b. when the product does not receive the badge, the optimal price p"8 " increases in o.

When the product receives the badge, novice customers updates beliefs and think that the default seller,
whose page displays the badge, must be supplying authentic products. As a result, sellers are able to charge
a high pooling price. However, savvy customers keep their prior beliefs that sellers may be counterfeiters,
resulting in a low pooling price. Consequently, the larger the fraction of savvy customers, the lower the
pooling price. When the product does not receive the badge, the fraction of savvy customers no longer
affects the pooling price, as savvy customers and novice ones are effectively the same. In this case, the

pooling price increases in customers’ prior belief that a seller is authentic.
2.5 Equilibrium Outcome of Expected Profits, Consumer Surplus, and Social Welfare

2.5.1 Impact of Fake Reviews on Expected Profit

First, I examine the impact of unit cost of fake reviews (f) on sellers’ expected profits (E[I1,(f," )] and
E[M¢(fe")])-
Proposition 2.4. As the unit cost of fake reviews (f) increases,

a. E[l4(fy")] and E[N(fc")] weakly decrease.
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b. the gap between E[N4(f1 )] and E[No(f; )] increases if and only if B < B/4.

To give a visual illustration, I plot Proposition 2.4 in Figure 2.4 withq =2, 7= 1,p =0.6,R =1,¢ =
0.7, and @ = 0.5. Under this set of parameters, E/4 = 0.0031. In Figure 2.4, the vertical axis corresponds

to sellers’ expected profits, and the horizontal axis represents the unit cost of fake reviews ().
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Figure 2.4. Impact of 8 on Sellers’ Expected Profits

When B < B, seller C acquires fake reviews and her expected profit decreases as fake reviews becomes
more expensive. Although seller A does not directly acquire fake reviews, her profit is also affected by the
unit cost of fake reviews, as a higher unit cost leads to less fake reviews acquired by seller C and a lower
chance of receiving the badge. Because both sellers charge the same price and have equal chance of being
the default seller, they have the same expected revenue from selling products. However, seller C incurs
additional cost due to acquiring fake reviews. As a result, seller A always has a higher expected profit than
seller C does. When B = B8, the unit cost of fake reviews is so high that seller C completely stops acquiring
fake reviews. Therefore, sellers’ profits are no longer affected by 3.

An interesting observation is that the gap between E[I14(f," )] and E[T1o(f¢" )] first increases and then
decreases in 8. When 8 < /4, the unit cost of fake reviews is low so that seller C acquires a large quantity
of them. As 8 increases, seller C pays more for fake reviews while enjoying the same expected revenue of
seller A. Hence, the profit gap increases. However, as [ continues to increase, acquiring fake reviews
becomes more expensive such that seller C acquires less of them, resulting in a gradual convergence of the
two sellers’ profits. Eventually, when § > E, seller C completely stops acquiring fake reviews, and the gap
between profits closes.

An interesting issue is whether the sellers would be better or worse off without the opportunity to acquire

fake reviews. To assess this issue | next consider a benchmark where sellers do not have the option to

19



acquire fake reviews. For notational convenience, I use the superscript A to denote solutions to the

benchmark model where fake reviews are not available.

When acquiring fake review is not an option, sellers’ expected profits are equivalent to those in the main
model by fixing f; and f_; to 0. That is, E[IT*] = E[II;(fy = 0, f; = 0)] . Then, Proposition 2.5
demonstrates the impact of the fake review option on sellers’ optimal expected profits. For ease of
exposition, I numerically illustrate Proposition 2.5 in Figure 2.5 withq=2,7=1,m=0.6,R=1,¢ =

0.7,and a« = 0.5.
Proposition 2.5. Both sellers are better off when acquiring fake reviews is an option if and only if § < [_?

0.02
E[M;(f; )] = E[I}]

0.015

=

E[M;(£;)] > E[IT}]
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Figure 2.5. Comparison between Sellers’ Expected Profits in the Main Model and That in the Benchmark

I show that having the option to acquire fake reviews weakly benefits both sellers, as their action space

is enlarged. In the benchmark where acquire fake reviews is not an option, sellers’ expected profits are the

same as seller C chooses to not acquire any fake reviews (f = E) in the main model. When 8 < ,[_)’, seller
C chooses to acquire positive units of fake reviews, from which we can infer that acquiring positive units
of fake reviews must provide a higher profit than that in the benchmark, otherwise she would have not
acquired fake reviews. Interestingly, seller A is also better offer when acquiring fake reviews is an option,
even though she never actually acquires any fake reviews. Essentially, seller A becomes better off because
she can free ride on seller C’s investment in fake reviews. Since I have set T = 1 in Figure 2.5, the market
expansion effect does not exist, and seller A becomes better off solely because fake reviews increase the

probability of receiving the badge that enables sellers to charge a higher price.

2.5.2 Impact of Fake Reviews on Consumer Surplus
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In this section, I examine the impact fake reviews have on consumer surplus. From the perspective of a
social planner, I am able to observe customers’ realized surplus, which is non-observable to customers
themselves due to the nature of credence goods. Consequently, the definition of consumer surplus is similar
to the typical definition of realized consumer surplus, except that the former is not observable to customers.

Specifically, I can express consumer surplus as:

R + £+ *
R+ fA + fC v:pqu—pB =0 2 v:qu—-pB 20 2

R+xm+ + v *
+ <1 - {A Je ) f q —p"®") dv. (2.4)
R +fA +fC vipqv— pNB >0 2
Equation (2.4) states that conditional on receiving the badge (with probability M) savvy

R+fi+f—i

consumers randomly purchase from either seller with equal probability, and half of them obtain benefit g
from consuming the authentic product, whereas the other half obtain zero benefit from consuming the fake
product. For the other 1 — « fraction of novice consumers, they are convinced of the default seller’s

authenticity and exclusively buy from the default seller, who coincides with the authentic seller with

R*m+fi+f_i)
R+fi+f_;

probability 1/2. By contrast, conditional on not receiving the badge (with probability 1 —
novice consumers behave the same as savvy ones, and randomly purchase from either seller with equal
probability.

Similar to the discussion in Section 2.5.1 above, I next consider consumer surplus in a benchmark model
where fake reviews are not available; as above, [ denote the benchmark model consumer surplus with a
superscript A, CS4", which are obtained by fixing the units of fake reviews (f; " and f;*) to zero in equation
(2.4). In order to quantify the damage of fake reviews, I further define the detrimental effect of fake review
(Hy) as the gap between consumer surplus in the benchmark and that in the main model,

H; =S4 —CS™.

Proposition 2.6 compares consumer surplus in the main model with that in the benchmark.

Proposition 2.6. Consumer surplus has the following properties:
a. consumer surplus is always weakly lower when acquiring fake reviews is an option, CS* < CS™".
b.  the harm of fake review (Hy) increases in product quality q if and only if q > q,

8RB (a+(1-a)¢)
P(1-m) (1= (¢+(1-¢)a))’

where q

When the product quality is low (g < q), the product is not highly valued by consumers, as it cannot

provide much benefits. Hence, the pooling price will be low, and the market is unattractive such that neither
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seller has incentives to acquire fake reviews. As a result, the main model coincides with the benchmark,
and the harm of fake review is zero. Interestingly, when the product quality is high (q > q), the harm of
fake review can increase in product quality. As the quality increases, the product becomes more valuable to
consumers, who are willing to pay a higher price for it. However, the pooling price will be limited unless
consumers are convinced that their intended product is authentic, not fake. Therefore, receiving product
badge, which convinces novice consumers of the default seller’s authenticity, is critical. As a result, seller
C would acquire fake reviews to increase the probability of receiving badge. The higher the product quality,

the stronger the incentive to acquire fake reviews, and the larger the harm of fake review.

2.5.3 Impact of Fake Reviews on Social Welfare
Lastly, I examine the impact of fake reviews on the society. To do so, I define social welfare (SW) as the

sum of seller A’s expected profit, seller C’s expected profit, and consumer surplus. Proposition 2.7 compares
social welfare in the main model (SW*) with that in the benchmark (SW4").
Proposition 2.7. There exist unique thresholds T, T and B such that

a. when B =B, SW* = SwW4.

b. whenp < B < B, SW*<SWA.

c. whenf < E SW* > Sw4',

|{ B, ift=>1

where B = {q(l—m)[(l—d))z 2—((41’—3)(1)2+(2—4T)¢+1)a+4¢2(r—1)]2

32RPp(a+(1-a)$)3(t—(d+(1-P)x))
Lo, ifl<t<t

(1-¢)2a?+(3p2-2¢—1)a—4¢> and %= (2¢3-3¢%+1)a?—(4¢3-7¢p2+2¢+1)a+2¢3—4¢?
—4¢(a+(1-a)¢p) - —2¢(a+(1-a)¢) '

, iff<t<Tt

T

To help exposition, I present Proposition 2.7 in Figure 2.6 withq=2,m =0.6,R =1,¢ = 0.7, and
a = 0.5. Under this set of parameters, ¥ = 1.01 and ¥ = 1.17. The horizontal axis represents the magnitude

of market expansion effect (), and the vertical axis corresponds to the unit cost of fake review (f3).
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Figure 2.6. Comparison between Social Welfare in the Main Model and That in the Benchmark

When fake reviews are overly expensive (f = E), neither seller can afford the costly fake reviews. As a
result, the main model coincides with the benchmark, and social welfare is the same in these two scenarios

(SW* = sw4),

However, when fake reviews are affordable (f < E), the comparison between social welfare becomes
more nuanced. Recall that social welfare is defined to be the sum of sellers’ expected profits and consumer
surplus. From discussions in Section 2.5.1 and 2.5.2 we see that on one hand, sellers benefit from having
the option to acquire fake reviews. On the other hand, consumers are worse off from fake reviews because
novice consumers are more likely to be deceived into purchasing from the counterfeiter. Therefore, social
welfare, affected by the two opposite effects, can be either larger or smaller than its counterpart in the

benchmark. When acquiring fake reviews is sufficiently cheap (8 < ), having the option to acquire fake
reviews would greatly enhance sellers’ profits such that the profit gain outweighs consumers’ loss.
Consequently, social welfare in the main model is larger than that in the benchmark (SW* > SW4"). By
contrast, when the unit cost of fake review is at median level (8 < f < E), acquiring fake reviews would
incur a substantial cost such that the profit gain is insufficient to compensate consumers’ loss. Therefore,

social welfare in the main model is less than that in the benchmark (SW* < SW4").

2.6 Conclusion

This paper considers a market where an authentic seller and a deceptive counterfeiter sell under the same
product listing, offering credence goods whose qualities are hard to evaluate even after consumption.

Customers do not know each seller’s type (authentic or fake) but have a prior belief about it. Furthermore,
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customers may update their belief if the product receives an endorsement badge, which is more likely to be
given to a highly rated product. In the first stage, both sellers simultaneously decide how many units of fake
positive reviews to acquire. Next, whether the product receives a badge or not is revealed to the public. In
the beginning of the second stage, both sellers simultaneously decide their prices. Later, one of the sellers
is randomly chosen by the platform as the default seller, while the other is listed as an alternate seller.

Finally, customers arrive and make purchasing decisions.

2.6.1 Results and Managerial Implications to Supply Chain and Operations Managers

The results show that the authentic seller would not acquire any fake reviews in equilibrium, whereas the
counterfeiter may acquire some to mislead customers. Moreover, the units of acquired fake reviews
decrease in the fraction of savvy consumers. This result offers important managerial insights that the
operating platform can combat fake reviews by increasing the fraction of savvy customers. For instance,
supply chain and operations managers can leverage this insight by investing in consumer education
programs, thereby enhancing the ability of customers to discern authentic reviews, which can directly
impact the demand-supply dynamics. The platform can do so by providing more informative descriptions
about the badge, making it clear that the badge is product-dependent and not seller-dependent, thereby
reinforcing supply chain transparency and consumer trust.

Although the counterfeiter acquires fewer fake reviews as more customers become savvy, I find that
fake reviews would not be eliminated unless the market expansion effect of receiving a badge is sufficiently
small. Usually, products that receive the badge are exhibited at the top of the platform’s search engine,
hence receiving a lot of customer views (large market expansion effect). Therefore, platform operations
managers could use this finding to reassess the placement of badge-winning products, potentially re-
positioning them to less prominent locations, such as the middle of the search engine results. This strategic
re-positioning could mitigate the counterfeiter's incentives to acquire fake reviews, thus preserving the
integrity of the supply chain ecosystem.

I also investigate the impact of having an option to acquire fake reviews on sellers and consumers. In
particular, I find that when acquiring fake reviews is feasible, both sellers might be better off but consumers
are always worse off. Hence, the results highlight the necessity of regulating fake reviews to protect
consumers’ rights. Moreover, I show that the presence of fake reviews can lower social welfare when the
unit cost of fake reviews is intermediate. In this case, acquiring fake reviews would incur a substantial cost
such that sellers’ gain in profit is insufficient to compensate consumers’ loss, resulting in a net loss in social
welfare. From an operational perspective, this implies that the implementation of robust verification
systems and the allocation of resources towards counterfeit detection can be justified not only ethically but

also economically.
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2.6.2 Limitations and Future Research Directions

To keep the model mathematically tractable, I have made several assumptions, and relaxing some of the
assumptions can lead to interesting future work. First, my model does not consider the marketplace platform
as a decision maker. Since sellers’ fake review decisions depend on the market expansion effect, it would
be interesting to include a platform that determines the magnitude of market expansion effect (e.g., where
to place badge-winning products in the search results). Placing badge-winning products at the top of search
results would increase sellers’ revenue, which in turn increases the platform’s revenue that is often a share
of sellers’ revenue. However, large market expansion effect may incentivize sellers to acquire more fake
reviews, and the platform’s reputation would suffer. The dynamics among the platform, the authentic seller,
and the counterfeiter may provide additional managerial insights. Second, for simplicity I have assumed
that product rating is the only deciding factor of receiving product badge. In practice, other factors, such as
free shipping of product and inventory level, can also affect the chance of receiving product badge.
Incorporating these additional factors might be challenging yet fruitful for future studies. Other possible

extensions include studying the impact of using verifiable tools (e.g., blockchain) on credence goods.
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Chapter 3
3 Two-Sided Platform Competition in the Presence of
Tip Baiting

Abstract: When ordering food from online platforms, consumers often specify a tip that they will give to delivery
workers, in hopes of receiving a fast delivery. Upon completion of the delivery, consumers may be able to reduce their
tip if the platform implements an adjustable tipping policy (e.g., Uber Eats). In this case, some consumers may trick
workers by promising a large tip before delivery but deliberately reducing the tip to zero once the delivery is completed;
a practice termed “tip baiting.” By contrast, consumers are not allowed to ex post reduce the tip in the presence of a non-
adjustable tipping policy (e.g., DoorDash). In this paper, I develop a multi-stage duopoly model to examine the impacts
of different tipping policies (adjustable or not) on platforms’ profits, consumers’ tipping behavior, and workers’ delivery
performance. There are two types of consumers: selfish consumers, who may engage in tip baiting, and fair consumers,
who do not. I find that regardless of the fraction of selfish consumers, both platforms prefer the adjustable tipping policy
over the non-adjustable one. This result has managerial implications that platforms with the non-adjustable policy can
further enhance their profits by switching to the adjustable policy. Further, I show that platforms only have incentives to
keep the fraction of selfish consumers sufficiently low, but not lower. However, the existence of selfish consumers always
hurts those honest fair consumers and workers. Hence, I advocate that third-party regulators need to intervene to safeguard
fair consumers’ and workers’ rights, as platforms may lack the incentive to do so beyond a certain point. Interestingly,
I also find that platforms’ price and wage can be negative under certain conditions. Moreover, in a setting exclusively
involving fair consumers who do not engage in tip baiting, my analysis reveals an unexpected downward adjustment in

both price and wage as consumers become more stringent in their tipping practices.

Key words: two-sided competition, tip baiting, negative wage and price, signaling game

3.1 Introduction

Two-sided platforms match consumers who demand certain products/service with their providers. For exam-
ple, consumers can order food on platforms, such as DoorDash and Uber Eats, who then have the food
delivered by independent gig workers. To coordinate matching between consumers and workers, platforms
charge consumers a price for using the platforms and pay workers a wage in exchange for their delivery
service. Moreover, when placing orders, consumers often specify the amount of tip that they will give to
workers, in hopes of getting a fast delivery because food is best served while it is still hot. Consumers
are free to not leave any tips on their orders, but doing so may result in long delivery time. For instance,
because of not tipping, a McDonald’s order took more than an hour to be delivered, and the food arrived
cold (Laurinavicius and Balitinaité 2022). By contrast, research shows that offering a tip usually reduces

delivery time (Castillo et al. 2022).
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After food has been delivered, consumers may or may not be able to reduce the tip they promised, subject
to platforms’ specific tipping policies. For instance, DoorDash implements a non-adjustable tipping policy
that makes it very difficult for consumers to reduce the tip after delivery (Gebel and Delfino 2022). On the
other hand, consumers are free to reduce their tip (even to zero if they wish) after delivery on Uber Eats,
which adopts an adjustable tipping policy (Antonelli 2022).

Unfortunately, there exist consumers who abuse Uber Eats’ adjustable tipping policy by ex ante promising
a large tip to incentivize workers to deliver their orders quickly, but then deliberately reducing the tip to zero
after the delivery is completed; a practice termed “tip baiting.” For instance, an Uber Eats driver complained
that a customer tip-baited her, as she delivered the food in a short time but her $13 tip was reduced to zero
after delivery (Lenzen 2022). This tip baiting practice also applies to other industries where consumers are
allowed to ex post reduce their tip. For example, in the grocery delivery industry, an Instacart shopper was
promised a large tip of $55 before accepting an order, and the tip was completely removed after delivery
(O’Brien and Yurieff 2020).

Due to the potential risk of tip baiting, tipping policy has a significant impact on workers’ choice of plat-
forms. Moreover, in the presence of the adjustable tipping policy, consumers may pay a different tip upfront
because they know they can reduce the tip later, compared to the case of the non-adjustable policy. Con-
sequently, tipping policy also affects consumers’ willingness to use the platform. Hence, several questions
arise:

* Should platforms adopt the adjustable or non-adjustable tipping policy in the presence of tip baiting?

* What are the impacts of different tipping policies on platforms’ optimal prices and wages?

* How does tip baiting affect workers’ welfare and platforms’ profits?

To address these questions, I consider a duopoly where two platforms compete on both the demand side
(consumers) and the supply side (workers) by setting their respective tipping policies, prices, and wages.
To capture the practice of tip baiting, I consider two types of consumers: selfish consumers and fair ones.
In the presence of an adjustable tipping policy, selfish consumers may renege on their promised tip after
delivery, regardless of the realized delivery time. On the other hand, fair consumers pay their promised tip
in full if the delivery arrives in a short time, and reduce some of the tip if the delivery takes long. When
the non-adjustable tipping policy is selected, all consumers have to stick to their promised tip and cannot
reduce it after the delivery is completed.

Next, I provide a summary of my findings. First, I find that regardless of the fraction of selfish consumers,
both platforms prefer the adjustable tipping policy over the non-adjustable one, because they are able to pay
a lower wage to workers and attract more consumers with the adjustable policy. This result has important
managerial implications that for platforms who are currently offering a non-adjustable tipping policy (e.g.,
DoorDash), they can be better off by switching to the adjustable policy, like their competitor does (e.g.,
Uber Eats).
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Second, I show that platforms only have incentives to keep the fraction of selfish consumers sufficiently
low, but not lower. However, the existence of selfish consumers always hurts those honest fair consumers
and workers. Therefore, my findings offer policy implications that third-party regulators need to intervene to
safeguard fair consumers’ and workers’ rights, as platforms may lack the incentive to do so beyond a certain
point. For example, regulators may require platforms to have a rating system for consumers, where workers
can share their experience with each other if they had been tip-baited by a particular consumer. As workers
gradually learn from their collective experience, it will be increasingly difficult for selfish consumers to
engage in tip baiting.

Third, I demonstrate that platforms’ optimal price and wage can both be negative. Under certain condi-
tions, workers are willing to accept a negative wage, which implies that workers need to pay platforms (e.g.,
a participation fee or a royalty) for the delivery opportunities, because they anticipate to be compensated
by receiving large tips from consumers. Similarly, there are situations wherein platforms’ price can be neg-
ative, which implies that platforms subsidize consumers for placing orders. For example, DoorDash offers
$20 sign up bonus to new consumers to stimulate demand (Sabatier 2023).

Fourth, in an environment that includes only fair consumers who do not tip bait workers, my study
uncovers a counterintuitive result that platform-set prices and wages in tipping scenarios may unexpectedly
decrease below those in non-tipping scenarios as consumer become stricter with their tipping practices.
This insight delineates the impact of consumer tipping behaviors on platforms’ price and wage decisions,
highlighting the intricate balance of interests that platforms must navigate in the gig economy.

The rest of this paper is organized as follows. In section 3.2, I review the related literature. In section 3.3,
I present the model setup. In section 3.4, I analyze consumers’ and workers’ optimal decisions regarding
tipping and delivery effort, respectively. In section 3.5, I characterize the competition between platforms
and examine their equilibrium solutions. In section 3.6, I discuss two related policy implications of the
tipping policy. Lastly, I conclude with managerial implications and directions for future research in section

3.7.

3.2 Literature Review

Our paper is closely related to the literature of two-sided markets (e.g., Rochet and Tirole 2003; Armstrong
2006; Bai et al. 2019; Zhang et al. 2022a; Hu and Liu 2023). For example, Armstrong (2006) considers
pricing strategies in two-sided market competition with three different market structures and finds that
equilibrium prices critically depend on the relative sizes of cross-group externalities, fee structures, and the
choice of single-homing or multi-homing. Bai et al. (2019) study a monopoly platform’s optimal price and
wage decisions when consumers are both time- and price-sensitive. They find that the platform should offer

a higher payout ratio as consumers become more impatient with waiting, capacity decreases, or demand
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increases. Both Zhang et al. (2022a) and Hu and Liu (2023) explore the impact of wage schemes on two-
sided platform competition and characterize the conditions under which a particular wage scheme is the
most profitable. Additionally, Hu and Liu (2023) extend these insights to the scenario of uncertain demand.

In contrast to the above studies where workers’ earnings solely come from the wage paid by platforms,
my paper contributes to this literature by also considering the impacts of consumers’ tip on workers’ total
earnings and platforms’ wage and price decisions. In the presence of consumers’ tip, I find interesting results
that platforms’ price can be negative under certain conditions. This result is similar to that in DellaVigna
and Malmendier (2004), where they find with a two-part tariff contract, investment goods should be priced
below marginal cost. Then, if the marginal cost is normalized to zero, their findings suggest a negative
unit price. In contrast to their paper that studies a monopolist’s optimal contract in response to consumer
bias, my paper focuses on a duopoly in the context of two-sided market competition. In addition, I show
that in some cases, platforms’ wage to workers can be negative too. This finding has been briefly noted in
Tan et al. (2020), where the authors mention that two-sided platforms may charge the supply side either a
positive participation fee (which is equivalent to a negative wage in my paper) or a negative fee. However,
my paper is different because I also consider the strategic interactions between consumers and workers, and
investigate how would the interplay affect the platforms’ optimal structure of tipping policy.

Another related literature is the nascent stream on platform regulations that aim for maximizing labor
welfare and/or social welfare. Tang et al. (2021) characterize the conditions under which a hybrid match-
ing system with a “female-only” option can be a win-win outcome for safety-concerned female customers
and a ride-hailing platform. Benjaafar et al. (2022) find that to improve gig workers’ welfare, regulators
should impose a floor on the effective wage rather than on the nominal wage. Hu et al. (2022) investigate
the implications of worker classification (employee or contractor) by considering a queueing model with
a service platform and both full-time and part-time workers. The authors show that a uniform classifica-
tion may not be welfare-maximizing and propose a hybrid mode where full-time workers are classified as
employees and part-time workers are treated as contractors. Zhang et al. (2022b) consider a model where
a welfare-maximizing government interacts with a profit-maximizing platform that matches consumers to
food delivery drivers. They show that to curb reckless driving, governments should impose a higher traffic-
related incident penalty on the platform, and not on the drivers. My paper is similar to these studies, as I
find that third-party regulators need to intervene to safeguard consumers’ and workers’ rights under certain
conditions wherein platforms do not have incentives to do so. However, my paper differs because I focus on
two competing platforms, whereas there is only a monopoly platform being considered in the studies above.
In the duopoly setting, while Hu et al. (2024) concentrate on the selection of corporate social responsibility
strategies by platforms, my research focuses on how these platforms leverage tipping policies as a means of

competitive advantage.
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Moreover, my paper contributes to the literature on consumer tipping. Chen et al. (2023) empirically show
that when consumers are asked to evaluate workers’ service prior to tipping, they subsequently reduce their
tipping amount, as giving feedback and giving tips are perceived as substitutes. Other empirical research
focus on the impact of tip recommendations on consumers’ tipping behavior and find that large tip recom-
mendations are likely to be considered unreasonable and may elicit negative consumer reactions, such as
lower likelihood of tipping (e.g., Fitzsimons and Lehmann 2004; Carr 2007; Haggag and Paci 2014). By
contrast, Alexander et al. (2020) find that large tip suggestions increase the amount of tips received, but have
no impact on consumer satisfaction, repatronage, or spending. In the context of delivery service, Castillo
et al. (2022) conduct a scenario-based experiment and find that consumer tipping usually reduces delivery
time and mitigates uncertainty in the crowdsourced delivery fleet.

In contrast to the above empirical studies, my paper contributes to the consumer tipping literature by
offering an analytical model to study the impact of consumers’ tipping behavior on workers’ delivery effort
and platforms’ decisions regarding the tipping policy, wage, and price. Shy (2014) is a closely related paper
to ours. In a theoretical study, Shy (2014) finds that tipping is mostly effective when firms pay minimum
wage; however, it is ineffective under full employment, where firms would reduce workers’ hourly wage in
response to the increase in tipping. My paper share similar findings that in the presence of consumer tipping,
firms pay less wage to workers. However, Shy (2014) assumes that tipping does not affect workers’ service
quality, whereas my paper considers that large tip motivates workers to exert high level of delivery effort,
which in turn is more likely to result in short delivery time. In addition, the tipping rate is an exogenously
given parameter in Shy (2014), whereas consumers endogenously decide how much tip to offer and whether

to reduce the tip after delivery in my paper.

3.3 Model Setup

Consider a two-sided market competition in which two platforms (e.g., DoorDash and Uber Eats) compete
for both consumers who use the platforms to order food and workers who deliver food to consumers’ places.
To facilitate matching between consumers and workers, platform i (i = 1,2) offers wage w; to workers in
exchange for their service and charges consumers price p; for the delivery service. The food price is set by
restaurants and is the same on both platforms. Therefore, I normalize the food price to zero, as it does not

affect consumers’ decisions about choosing between platforms.

3.3.1 Workers

After a matching has been established, consumers wait for their food to be delivered. The waiting time for

using platform i’s delivery service (W;) is stochastic and can be either high (Wy;) or low (W, ). Specifically,

- { W,  with probability 6,

Wy with probability 1 — 0,
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where Wy > W, > 0. Without loss of generality, I normalize W; = 0. Moreover, the waiting time W, is
partially determined by worker’s delivery effort E;, where E; € {Ey, E; }. Although the delivery time is also
influenced by factors that are out of workers’ control (e.g., road congestion and food preparation time by
restaurants), I assume that ceteris paribus, exerting a high level of delivery effort (Ey) is more likely to result
in a fast delivery than a low effort (£, ) does. That is, 1 > 0g, > 6, > 0.

Exerting delivery effort is costly to workers, and a high level of effort costs more than low effort does.
For example, when exerting high effort, workers can choose to not take any breaks in hopes of achieving
a fast delivery. Hence, I assume that exerting high effort incurs a positive cost ¢, > 0, and without loss of

generality exerting low effort is cost-free.

3.3.2 Consumers

Consumers prefer the food to be delivered sooner than later, as food is best served while it is still hot.
Following Bai et al. (2019) and Chen et al. (2022), I assume that consumers incur linear waiting cost c,,W;
for food delivery, where c¢,, > 0 represents the unit cost of waiting time. In addition, when ordering food on
platforms such as DoorDash and Uber Eats, consumers are required to specify the tip amount they will give
to workers prior to food delivery.

After food has been delivered, consumers may or may not be able to reduce the tip that they had specified,
depending on platform’s tipping policy. For instance, DoorDash adopts a non-adjustable policy where con-
sumers cannot ex post reduce the tip. By contrast, Uber Eats implements an adjustable tipping policy that
allows consumers to freely reduce tip post food delivery. With an adjustable tipping policy, consumers can
use tip to motivate workers for a fast delivery. Specifically, consumers ex ante give a tip in hopes of receiving
a fast delivery (W), and they may ex post reduce the tip if the food arrives cold (Wy). Unfortunately, there
also exist selfish consumers who abuse platforms’ adjustable tipping policy by ex ante promising a large
tip to motivate a fast delivery but ex post deliberately reducing the tip to zero, even if workers successfully
delivered food in a short time.

I then consider two types of consumers, X € {F, S}. A fraction 0 < o < 1 of consumers are fair consumers
(X = F), who do not ex post reduce tip if the delivery is indeed fast (W; = W, ) but will deduct A € (0, 1]
fraction of the promised tip if the delivery arrives late (W; = Wy). Here, I assume A # O to avoid the case
where workers’ final tip is not affected by delivery time so that they would never exert high delivery effort.
The remaining fraction 1 — o of consumers are selfish consumers (X = §), who would deliberately reduce
tip to zero post food delivery, regardless of the realized delivery time. Consumers’ type is their private

information and not observed by workers or platforms.
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3.3.3 Game Sequence

The game sequence is as follows: In the first stage, both platforms individually choose their tipping policy
(adjustable or not). In practice, both DoorDash and Uber Eats set workers’ wage first and then choose
service price later (Zhang et al. 2022a). I follow this setting such that in the second stage, platforms first
decide wage w; and w;. After wages have been set, platforms decide their respective price p; and p; in the
third stage. In the fourth stage, consumers decide how much tip to offer while placing food orders. In the
fifth stage, upon observing an order’s earning (wage plus tip), workers then decide whether to exert a high
effort or low effort to deliver the food. Lastly, the delivery is completed and consumers decide whether to

reduce the previous tip, if an adjustable tipping policy is adopted.

3.4 Analysis of Consumers’ and Workers’ Decisions

Because workers ex ante do not know consumers’ type, the model belongs to incomplete information games,
and I use perfect Bayesian equilibrium (PBE) as my solution concept. As PBE does not impose any con-
straints on off-equilibrium beliefs, it often suffers from a plethora of equilibria; I then refine the equilibria
with the divinity criterion (D1-Criterion), which is a standard refinement method used in signaling games
(e.g., Banks and Sobel 1987; Cho and Kreps 1987). All proofs are provided in the Appendix B.

In the fifth stage, workers decide whether to exert high or low delivery effort based on the expected tip
amount, which in turn depends on platforms’ tipping policy. Let S; € {N,A} denote platform i’s tipping
policy, where S; = N represents a non-adjustable policy in which consumers cannot ex post reduce the tip
(e.g., DoorDash), and S; = A indicates an adjustable tipping policy where consumers can reduce tip after
food delivery (e.g,. Uber Eats).

When platform i adopts the non-adjustable tipping policy (S; = N), fair consumers and selfish consumers
are essentially the same, because selfish consumers now cannot renege on their tip and have to pay the
amount they specified prior to food delivery. Knowing that consumers cannot ex post reduce their tip,
workers would not exert high delivery effort, as their final earning remains the same regardless of the
delivery effort.

By contrast, when platform i selects the adjustable tipping policy (S; = A), consumers may incentivize
workers to exert high effort by offering a large tip. Let 7;(X) denote the tip that type-X consumers promise
to offer to platform i’s worker before food delivery.? If there exists a pooling equilibrium where workers
observe a uniform tip on all orders from the platform i (7;(S) = T;(F) = T;), then observing the tip does not
help identify whether a food order is from selfish or fair consumers. Nonetheless, workers know that with

probability a, the order is from a fair consumer who will later reduce A fraction of the tip 7; if the delivery

3 On platforms such as Instacart, workers can directly observe the tip amount before accepting an order (Burgess 2022). On other
platforms such as DoorDash, workers may only see the total earnings (base pay plus tip) before accepting an order. Nevertheless,
workers are usually able to infer the tip before delivery, because they know the typical base pay is $2.5 for DoorDash so that a total
earning of $5.5 would indicate a tip of $3 (EntreCourier 2022).
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takes long, which happens with probability 1 — 6. On the other hand, with probability 1 — «, the order
is from a selfish consumer who will always reduce the tip to zero after delivery, regardless of the realized

delivery time. Hence, platform i’s workers choose to exert a high delivery effort if and only if

oTi—(1-85,MT) — e = oTi—(1-8,)1T) , 3.1)
~—~
- X Cost of High Effort X
Expected Tip When Exert High Effort Expected Tip When Exert low Effort
which simplifies to 7; > T,= m. That is, workers only exert a high delivery effort if the tip before
~H ~L

delivery is large enough to compensate their delivery cost.

In contrast to the pooling equilibrium, if there exists a separating equilibrium where workers observe
different tips (7;(S) # T;(F)), then upon observing the tip they are able to distinguish between selfish and fair
consumers. Due to the single crossing property, workers would attribute the larger tip to selfish consumers
in equilibrium. This is because workers know it is costless for selfish consumers to promise a large tip, as
they always ex post reduce the tip to zero and do not bear any cost. On the other hand, it is more costly for
fair consumers to promise a large tip, because after delivery they do end up paying the tip in full or partially.

Hence, for an order with the larger tip, workers know it is from selfish consumers and choose to exert
low effort, as they know the tip, no matter how large it appears, will eventually be reduced to zero. For an
order with the smaller tip, workers know it is from fair consumers and choose to exert a high delivery effort

if and only if

T:(F) — (1 — 6g, )AT,(F) — \Cﬁ-« >Ti(F)—(1—6g )AT(F). (3.2)
Expected Tip When Exert High Effort ~ Cost of High Effort  Expected Tip When Exert low Effort
In the fourth stage, consumers decide the tip amount before food delivery, anticipating workers’ effort
decision. Lemma 3.1 states that in equilibrium, selfish consumers will mimic fair consumers’ tip amount.
Lemma 3.1. When placing orders on platform i, selfish consumers and fair consumers commit the same
amount of tip T in equilibrium, which is

T — YA“, if S;=Aandc, >c,,
S ) otherwise,

ce(1-M1-0g, )
AWy (B85, —0k; )2

The intuition behind Lemma 3.1 is that a separating equilibrium, where different types of consumers

where ¢,, = Given the optimal tip, E} = Ey if and only if T = ?,

commit different amounts of tip, would reveal whether a food order is from fair consumers or selfish con-
sumers. Because no workers will knowingly exert high effort to deliver selfish consumers’ orders, selfish
consumers will pretend to be fair consumers by committing the same tip so that they may also enjoy the ben-
efits of high delivery effort. Fair consumers do not have incentives to deviate from the tip as well, because
paying more or less than necessary are suboptimal. Therefore, workers would only exert high effort when
the pooling tip is large enough, and consumers are only willing to pay a large tip to expedite the delivery

when they are impatient enough with waiting (c,, > ¢,,).
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3.5 Analysis of Platform Competition

In this section, I first introduce platforms’ demand and supply functions, which depend on their tipping
structure. Next, I characterize the competition between platforms in each of three cases where both
platforms offer the adjustable tipping policy (in section 3.5.1), both platforms adopt the non-adjustable
tipping policy (in section 3.5.2), one platform offers the adjustable policy while the other adopts the
non-adjustable policy (in section 3.5.3), respectively. Then, I compare platforms’ profits under each of the

three cases and offer insights into platforms’ optimal tipping policy in section 3.5.4.

Demand/Supply Functions. Similar to Zhang et al. (2022a) and Hu and Liu (2023), I use a linear model of
competition where platform i’s demand decreases in her own price p; and increases in her competitor’s price
p; (i,j=1,2 and i # j). Moreover, platform i’s demand is also affected by consumers’ expected waiting
cost and their tip, which would depend on the platform’s tipping policy. Knowing from Lemma 3.1 that both
types of consumers will commit the same tip 7;* and workers exert effort E accordingly, I can formulate

platform i’s total demand from all consumers as

d: = [M— (pi + T —lga(o(l— 8 AT+ (1 — )T + (1 — eE;«)cwW,,)
~—~—
Tip before Delivery Expected Reduction in Tip Expected Waiting Cost
after Delivery
+
H1(ps+ T} = Lyea(0(1 = 8 AT; + (1= @)T7) + (1 - 85 )e, W )| (3.3)

where M > 0 represents the market size and y € (0, 1) measures the level of competition on the demand side.
The larger the vy is, the fiercer the competition becomes. Moreover, when platform i adopts the adjustable
tipping policy (i.e., the indicator function 1g,_,), fair consumers, which accounts for o fraction of all con-
sumers, will reduce A fraction of the committed tip if the delivery takes long, which happens with probability
1 —0g;. The rest 1 — o fraction are selfish consumers, who always completely remove the tip after delivery.
On the other hand, when the non-adjustable tipping policy is selected, all consumers (fair or selfish) need
to pay the committed tip in full.

The demand function in equation (3.3) can also be derived from consumers’ microeconomic utility func-
tions. For example, following procedures in the literature (e.g., Kwark et al. 2014 and Zhang et al. 2022a), I
can assume that some consumers are single-homing, meaning that they either use their desired platform for
food delivery service or not use the service at all. By contrast, other consumers multi-home between the two
platforms, and will choose the platform that offers them a higher utility. By aggregating consumers’ choices
of platforms, I can derive the demand function in equation (3.3) (The derivation procedures are detailed in
the Appendix B).

Again as in Zhang et al. (2022a) and Hu and Liu (2023), I use a supply function where platform i’s supply

of workers (s;) increases in her wage w; and decreases in the competing platform’s wage w;. Moreover,
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workers also receive tips from consumers and incur delivery effort cost for delivering food orders from

platform i. Hence, I modify the supply function as

5= [W,. T = Tgoa(o(1 = 0p)AT + (1 —0)T") = i c,

Expected Tip from Consumers Delivery Effort Cost

+
_B<Wj + T} — Ls,a (01 — 0 AT + (1 —)T}) — JlE;:EHce)} , (3.4)

where 3 € (0, 1) measures the level of competition on the supply side. Additionally, platform i’s workers
would only incur the delivery cost ¢, if they choose to exert a high effort (i.e., the indicator function 1z:_g,, ).

Similar to the demand function, the supply function in equation (3.4) can also be derived based on a
microeconomic foundation by assuming single-homing workers, who only work for their desired platform,
and multi-homing workers, who are registered on both platforms and sell their service to the platform that

offers them a better pay (base wage plus expected tips from consumers).

3.5.1 Symmetric Adjustable Tipping Policy

In this section, I consider the case where both platforms adopt the adjustable tipping policy (i.e., S;=S; =
A). In the third stage, platforms decide their prices, which in turn affect platforms’ demand. In addition, a
transaction happens only when a consumer is paired with a worker. Therefore, the volume of transactions on
platform i is determined by the lesser of demand and supply on the platform. That is, the transaction volume
is min{d,, s;}, where d; and s, are given in equations (3.3) and (3.4) by plugging in S; = S; = A. Because
the profit margin from a transaction is p; — w;, I can then formulate each platform’s profit maximization
problem in the third stage as
mpax T = (p; — w;)min{d;, s;}, (3.5)
where the superscript AA denotes that both platforms select the adjustable tipping policy.
Similarly, platforms choose their respective wages paid to workers in the second stage, and I can formu-

late each platform’s profit maximization problem as
max T = (p; — wi)min{d,, s;}. (3.6)

Proposition 3.1 presents platforms’ equilibrium solutions.
Proposition 3.1. When both platforms select the adjustable tipping policy, consumers pay tips T* and
workers exert effort E* on both platforms as stated in Lemma 3.1 if c,, < ¢, T* = 0 and E* = Ey; otherwise,
T* =T, and E* = Ey. In addition, both platforms charge price p* and offer wage w* in equilibrium:

(i) when c,, <€, and M > M,

o M+, Wy(1—7)(8g, — 1))
B2+ B-1y=3p+4 °
= (B=2)7+ (B~ DBy—2B+3) (M + e Wu(1 —¥)(6, — 1)),
(1= (B-2)v+B-1)v—38+4)
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(ii) when c,, < ¢, and M < M,

(iii) when c,, > ¢,, and M > A7I,

W' =[M(Or, — 0, ) (1) (M + e, Wa (1 =)(8p, — 1) — e ( (2F —y—4) (A= 1)
+B(Y=3) 1 +)(1+M0g, — 1) + A (3+y=17) 6, +B*¥(1+ A0z, — 1))
0 (1=7) 8, ) | /11(8e, — 65,) ((B—2)7 + (1 - B)*y+4—3B)],

P =lee(2 = B =) = M8, — B, )(M+w"(B— 1) = e, Wi (6, — (¥~ 1))

+ MO, (1 =) + 05, (1 = B) + B +v—2)]/[MOr, — 6, )(Y—1)];

(iv) when c,, > ¢, and M < ]\//},

o C(M1—6g) - 1)

w = s

. c(M1=8g)—1) =M
p = CWWH(GEH 1) + }L(GEH — eEL) " 1 o Y7

where M = (¢, Wy (1 — 0g,) +c.)(1 —7v), M=c,Wy(l —0g)(1 —7), and ¢, is defined in Lemma 3.1.

Moreover, with these optimal solutions, the transaction volume min{d,,s;} and profit T** are positive in

regions (i) and (iii), but are equal to zero in regions (ii) and (iv).

I find that demand and supply are perfectly matched for each platform in equilibrium. Essentially, if a

platform’s demand exceeds its supply, the total number of transactions is equal to the number of workers

on the platform. If the platform, while maintaining the same wage, marginally increases its price, it could

enhance its profit margin and become better off. Thus, demand cannot surpass supply in equilibrium. By

the same logic, it is also not feasible for supply to outdo demand in equilibrium, as in that case the platform

could increase profits by lowering the wage.

To derive further insights, Proposition 3.1 is shown in Figure 3.1 witha=0.8, A=0.5,y=0.8, ¢, =0.2,

Wy =1, 0g, = 0.8, and 6, = 0.3. Under this set of parameters, c,, = 1.8. The horizontal axis is consumers’

unit cost of waiting time (c,,), and the vertical axis represents the market size (M).
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Figure 3.1 Equilibrium Regions When Both Platforms Choose the Adjustable Tipping Policy
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I illustrate Figure 3.1 by considering a special case where the market size M is fixed at 0.15, and the
waiting cost changes from low to high (the red dashed line). Recall from the demand functions that a
platform’s demand is negatively affected by consumers’ expected waiting cost. In equilibrium region (i), a
low waiting cost results in high demand for placing orders on platforms. As a result, platforms can charge
a high service price and can afford to pay a decent wage that motivates workers to deliver orders, gaining a
positive profit.

As consumers’ waiting cost continues to increase (in equilibrium region (ii)), fewer consumers place
orders on platforms, who then have to lower their service price. In addition, as consumers are still insensitive
to waiting time (c,, < ¢,,), they have no incentives to pay tips for a fast delivery. In this case, workers’
compensation only comes from the wage they receive from platforms, but platforms cannot afford to pay a
satisfying wage as their profit margin is already thin due to the low service price. Weighing the trade-offs,
platforms choose price and wage such that no transactions occur, resulting in zero profits.

When consumers become impatient with waiting (c,, > ¢,,), they are now willing to offer a large tip
in hopes of receiving a fast delivery, and the equilibrium solutions switch to region (iii). Even though
the tip and higher waiting cost make the demand even smaller, platform’s profit margin has widened, as
workers now receive extra compensation from consumers’ tip, which enables platforms to pay a lower wage
while still incentivizing workers to deliver. As a result, platforms start to generate positive profits again.
Interestingly, due to the extra tip from consumers, platforms’ wage can even be negative under certain
situations, while still ensuring a positive earning (wage plus tip) for workers. A negative wage implies that
instead of paying workers for their delivery service, workers actually need to pay platforms for the delivery
opportunities, where they will be compensated by receiving large tips from consumers. I will formally

establish this finding in a later Proposition 3.8 and provide more detailed discussions there.
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Finally, the equilibrium solutions move to region (iv), as consumers’ waiting cost increases further. In
this region, platforms’ situation is very similar to that in region (ii), where they are unable to pay a satisfying
wage, even with the help of consumer tip, because their price is limited by the low demand caused by the
high waiting cost. Once again, platforms set price and wage such that both demand and supply are equal to

zero, leading to zero profits.

3.5.2 Symmetric Non-Adjustable Tipping Policy

In this section, I consider the case where both platforms select the non-adjustable tipping policy (i.e., S; =
S; = N). In this case, fair consumers and selfish consumers are essentially the same, because selfish con-
sumers now cannot renege on their tip and have to pay the amount they specified prior to food delivery.
Knowing that consumers cannot ex post reduce their tip, workers would not exert high delivery effort, as
their final earning remains the same regardless of the delivery effort. Consequently, consumers would not
give any tips because they know workers will not be motivated to exert high effort.

Similar to the previous section 3.5.1, I can obtain platforms’ demand and supply by plugging S; =S; =N
into equations (3.3) and (3.4). Next, following the same steps in section 3.5.1, I solve the platforms’ optimal
decisions with regard to price and wage. Proposition 3.2 summarizes the equilibrium solutions.
Proposition 3.2. When both platforms select the non-adjustable tipping policy, T* =0 and E* = E; on
both platforms as stated in Lemma 3.1. In addition, both platforms charge price p* and offer wage w* in
equilibrium:

(i) when M > M,

o (L) + e W1 =)0, ~ 1)
B-2)y+B-1yy-3p+4
L ((B=2)P+(B-DBy—2B+3) (M +c,Wy (1 —7)(6p, — 1))
(I=9(B-2)v+B-1)7r-3p+4) ’

(ii) when M < M,

. M
p* — ITY — CWWH(l - eEL)

With these optimal solutions, the transaction volume min{d,, s;} and platforms’ profits are positive in region
(1) but equal to zero in region (ii).

When both platforms adopt the non-adjustable tipping policy, the optimal wages and prices turn out to be
a subset of the equilibrium solutions presented in Proposition 3.1. Recall that when consumers’ waiting cost
is low (c,, <¢,,), they would not pay any tips when placing orders. Because there is no tip offered in the first
place, whether the tipping policy is adjustable or not becomes irrelevant to platforms’ subsequent decisions

on wage and price, thus the equilibrium solutions in Proposition 3.2 coincide with the first two equilibrium
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regions in Proposition 3.1. On the other hand, even when consumers are impatient with waiting (c,, > ¢,,),
they would still not give any tips, which are futile to motivate high effort in the case of a non-adjustable
policy. As a result, the equilibrium regions that are caused by positive tips (regions (iii) and (iv)) are unique
in Proposition 3.1 but not feasible in the current Proposition 3.2. The rest interpretation of Proposition 3.2

is already covered in the discussion following Figure 3.1, and hence omitted here.

3.5.3 Asymmetric Tipping Policy

Having discussed the symmetric tipping policies above, I now consider the asymmetric case where one
platform offers the adjustable tipping policy, while the other adopts the non-adjustable policy; without loss
of generality, let platform i be the former and platform j be the latter (i.e., S; =A and S; = N).

When transactions happen on platform i, consumers’ and workers’ behaviors are the same as in the
adjustable policy section 3.5.1, whereas consumers’ and workers’ behaviors are consistent with those in
the non-adjustable policy section 3.5.2 for matching on platform j. That is, platform i’s consumers give the
tip 7" as presented in Lemma 3.1, and workers only exert high effort if they receive the positive tip (i.e.,
T = 7,). On the other hand, due to the non-adjustable policy, platform j’s consumers would not give any
tips and workers always exert low effort (i.e., 7" = 0).

For each platform, I can obtain its demand and supply by plugging S; = A and S; = N into the demand
function (3.3) and supply function (3.4). Then, I can formulate each platform’s profit maximization prob-
lems by following similar steps in section 3.5.1. Proposition 3.3 summarizes these equilibrium solutions
when platforms choose different tipping policies.

Proposition 3.3. When platforms adopt different tipping policies (S; = A and S; = N), tipping and effort
decisions are as stated in Lemma 3.1: if c,, <<¢,, T" =0 and E' = E; otherwise, T," = T", and Ef = Ey. On
the other hand, T; =0 and E; = E}, always hold. In addition, platforms” optimal prices and wages are:

(i) when c,, <€, and M > M,

oy — LN+ e, Wi (1=7)(65, — 1))
o B2 (B34
(B2 (B DBy =2 +3) (M + e, Wa(l=7)(65 — 1)),

Pr=pi= (T ((B—2)P+(B—1)y—3p+4) ’

(ii) when c,, <¢, and M <M,

* *
w; —wj—O7

M
f=pi=———c,Wyg(1—0g);
pz p} 1 _ ,Y H( EL)
with the above optimal solutions, both platforms’ transaction volume and profits are positive in region (i)

but equal to zero in region (ii).
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(iii) when c,, > ¢, the optimal prices are different and

p; = o2+ M8, + 65, —2) = ¥(B+7+ (85, — DBA+ (B, — 1)YA)— (M6x, —6,)

(w5 (B =)+ M(1+7) 4w (Br—1) = Wiy (B, — 1)(F = 1)) ) | /(8 —8,) (7 — 1),
p; =lee(B =11+ (85, — A) +MBx, — 8z, )(w; (B—7)

+ M(1+) + W (Br—1) = e, Wa(8, — (? = 1)]/[A(8, —85,) (1 =),

and the optimal wages w; and w’; are given by

ce(M(1-8g,)-1) . o
Wor, o) M<M,
Wi =9 Wi if M<M <M,
Wit if M>M
0 if M <M,
v ) BOHY(Mtce(y-D+ewWu (170, —1)) .. 7% 7
Y= FEyreE- Y MsM<M,
L le lf M 2 M,

where the unique thresholds M, Wi, Wi, wj are defined in the Appendix B. With these optimal solutions
in region (iii), when M < M, both platforms’ transaction volumes and profits are zero; when M<M<M,
platform i’s transaction volume and profit are positive, whereas those of platform j are zero; when M > M,
both platforms’ transaction volumes and profits are positive.

Once again, when consumers’ waiting cost is low (c,, < ¢,,), they would not pay any tips in the first
place so that the asymmetric tipping policies are irrelevant. Thus, both platforms set the same price and
wage, and the first two equilibrium solutions in Proposition 3.3 are identical to the first two in Proposition
3.1. However, when consumers become impatient with waiting (c,, > ¢,,), they commit a positive tip T, on
platform i but zero tip on platform j, which in turn results in distinct demands/supplies and causes platforms

to charge different optimal prices and wages.

3.5.4 Optimal Tipping Policy

Based on these equilibrium solutions under the above three cases, I can now compare platforms’ profits to
offer insights into the optimal design of tipping policy. Comparisons of results below are in a weak sense.
Proposition 3.4 states that in equilibrium, offering the adjustable tipping policy is the dominant strategy for
both platforms.
Proposition 3.4. Regardless of the fraction of selfish consumers, both platforms prefer the adjustable tip-
ping policy over the non-adjustable policy in equilibrium.

Platforms prefer the adjustable tipping policy for two reasons. First, with the adjustable tipping policy,
consumers have a choice to reduce the expected waiting cost by offering a tip to motivate a fast delivery.

Because platforms’ demand is negatively affected by consumers’ expected waiting cost, platforms’ demand
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under the adjustable policy is higher than that under the non-adjustable policy, all else equal. Second, in the
presence of the adjustable policy, workers receive compensation from both platforms (wage) and consumers
(tip). Thus, platforms are able to offer a lower wage while keeping workers’ total earnings unchanged,
compared to the non-adjustable policy wherein worker’s total earnings solely come from platforms. Because
platforms’ profit margin is larger (due to the lower wage paid to workers) and demand is higher (due to
the lower expected waiting cost), their profits are higher under the adjustable tipping policy than under
the non-adjustable policy. This result has important managerial implications that for platforms who are
currently adopting a non-adjustable tipping policy (e.g., DoorDash), they can be better off by switching to
the adjustable policy.

Next, I provide a real-world example in Figure 3.2 to support my recommendation for favoring the
adjustable tipping policy. As shown in the left panel of Figure 3.2, consumers can order the dish “Sultani”
from Bamyan Afghan Cuisine on both DoorDash and Uber Eats, where the food price is the same ($19.50).
However, after incorporating additional fees charged by the platforms, the final price before tipping becomes
different: DoorDash charges $26.15 that is higher than the total price on Uber Eats ($25.42). Since the food
is the same but the total price is cheaper on Uber Eats, it is a logical conclusion that consumers would prefer
Uber Eats over DoorDash for this order. And I believe that my results of tipping policy can help explain
the price difference: In contrast to Uber Eats with the adjustable tipping policy, DoorDash needs to pay
a higher wage to workers because their current non-adjustable policy discourages consumers from paying
tips, as workers do not have incentives to exert high effort when they know consumers cannot take tips back
after delivery. Due to the higher wage expense, DoorDash then needs to charge consumers a higher price to
maintain their profit margin, which puts them at a disadvantage when competing with Uber Eats. To stay
competitive, I believe that DoorDash can switch to the adjustable tipping policy, allowing them to pay lower

wages to workers and therefore, charge more affordable prices to consumers.

Figure 3.2 Adjustable VS Non-adjustable Tipping Policies
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3.6 Policy Implications

In this section, I discuss several policy implications of the adjustable tipping policy on consumers, workers,

and platforms. Analyses below are based on the optimal solutions in Propositions 3.1 and 3.4.

3.6.1 Need of Third-Party Regulator

I first analyze the impact of selfish consumers on platforms’ profits. In particular, my results indicate that
platforms have incentives to keep the fraction of fair consumers above a certain threshold, but they become
indifferent once the proportion of fair consumers is already sufficiently high. Hence, the existence of selfish
consumers does not bother platforms beyond a certain point; a result that I formally establish in Proposition
3.5.

Proposition 3.5. Platforms have incentives to keep the fraction of fair consumers sufficiently high, but not
higher. That is, (1) if ¢, > ¢,, and M > M, M is the highest when o. > @, and ot _ Oforall a #@; (2) if

a0
. ~ ooamA ~ __ ce(1-M1-8g,)) ce(1-M(1-6,,))
either ¢, < ¢, or M <M, =.- =0 for all a, where ¢,, = W Bz, 05, ) Wi 05,y 62, "

To help exposition, I present Proposition 3.5 in Figure 3.3 with M =1, A=0.5,y=0.8, ¢, =0.2, ¢, =2,
B=0.7, Wy =1, 05, =0.8, and 8, =0.3. Under this set of parameters, M= 0.12,¢, =144 and = 0.72.

and 0. =

The horizontal axis is the fraction of fair consumers (o), and the vertical axis is platforms’ profits under

. . AA
optimal solutions (7).

Figure 3.3 Impact of the Fraction of Fair Consumers on Platforms’ Profits
0.5 T T T T T T T T T T T T T T 1

04F f

1
VJ.L

0.3l ]

0.2l ]

(3404d s,wio1e|d) v

00 [ L 1 1 L 1 1 L 1 1 L L 1 L L
0.0 0.2 04 0.6 a 08 1.0

« (fraction of fair consumers)

When the unit waiting cost is high (¢, > ¢,) and the market is not too small (M > A/J), consumers are
impatient with waiting and willing to pay tips if doing so is not too costly. When the fraction of fair con-
sumers is sufficiently high (o0 > @), workers suspect that a food order is likely coming from fair consumers.
Therefore, a relatively small tip is enough to induce high delivery effort, and consumers are willing to pay
the small tip to expedite delivery. Consequently, platforms are able to pay a lower wage, leading to the leap

in profits.

42



Moreover, platforms’ profits do not depend on the fraction of fair consumers, except at the discontinuity
point (o0 = &) where consumers switch from not paying tips to paying positive tips. This is because plat-
forms’ transaction volume turns out unaffected by the proportion of fair consumers. Recall that workers
base their effort decisions on the expected tip: The larger the fraction of fair consumers, the smaller the ex
ante tip needs to be. These two cancel out and result in the same amount of expected tip, which in turn
results in the same supply of workers. Because demand and supply are perfectly matched in equilibrium,
transaction volume is thus unaffected by the fraction of fair consumers. In addition, the optimal solutions
in Proposition 3.1 suggest that the fraction of fair consumers has no impact on the optimal wage and price.
Because both transaction volume and profit margin are independent from the share of fair consumers, plat-
forms generate the same profits and do not have incentives to further eliminate selfish consumers beyond a
certain point.

When either condition (c,, > ¢, or M > M ) is violated, platforms set price and wage such that either no
transactions occur and receive zero profits, or generate positive profits but consumers never pay tips, in
which the fraction of fair consumers does not matter because they do not pay tips anyway. Thus, platforms’

profit is a constant that does not change in the fraction of fair consumers.

Impact of Selfish Consumers on Fair Consumers and Workers. Having analyzed the impact of selfish
consumers on platforms, I now investigate their impact on fair consumers and workers. To do so, I consider
a benchmark where all consumers are fair (0t = 1) and define the harm of selfish consumers as the difference
in utilities, between in the benchmark and those in the main model. As detailed in the Appendix B, [ use a
Hotelling model to illustrate the market competition. Specifically, I use v to denote consumers’ valuation of
using platforms due to the convenience for food delivery, and use 7, to denote the unit misfit cost between

consumers’ preference and platforms. Then, I can express fair consumer’s utility of using platform i as:

Ur Ev—tcx—< P AT — (18T 4 (1 —BE;)cwWH), 3.7)
~—
Price to Platform Expected Tip Expected Waiting Cost

where x represents the consumer’s location on the Hotelling line.
Similarly, I can define a worker’s utility of working for platform i in the main model as her expected

earnings minus all cost:

Uy = w’ + 17— (1 =0 )AL + (1 — o)1) = Lgr—pyce —tX—§, (3.8)

‘Wage from Platform

—
Expected Tip from Delivering an Order Delivery Effort Cost

where ¢, represents the unit misfit cost between workers’ preference and platforms, and g represents the
cost incurred for the delivery service (e.g., fuel expenses for their vehicles). Note that the case for platform

Jj can be similarly derived. And in the case where no transaction occurs, Ur = Uy = 0.
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For notational convenience, I use the superscript A to denote the benchmark case. Fair consumer’s utility
and worker’s utility in the benchmark are obtained by setting o0 = 1 in equations (3.7) and (3.8), respec-
tively. Hence, the harm of selfish consumers to a fair consumer (or worker) is the difference between fair

consumer’s (or worker’s) utility in the benchmark and that in the main model:

Hy =Up — U, (3.9)

Hy = Uy — Uy. (3.10)

I find that the existence of selfish consumers always harms those honest fair consumers and workers,
which are summarized in Proposition 3.6.

Proposition 3.6. In the presence of selfish consumers, fair consumers and workers are worse off than they
are in the benchmark where all consumers are fair. That is, Hr > 0 and Hy, > 0.

In the presence of selfish consumers, workers suspect that an order has a substantial risk of coming from
selfish consumers who will later completely remove the tip. Hence, they demand a larger tip to compensate
the risk, which causes consumers to be less likely to pay the large tip in the main model than in the bench-
mark where all consumers are fair. Consequently, both fair consumers and workers are worse off in the main
model, because without paying tips fair consumers are unable to expedite the delivery and have to endure
the high expected waiting cost and workers lose the extra earnings of receiving tips from fair consumers.

Together, the findings in Propositions 3.5 and 3.6 have important policy implications that third-party
regulators need to intervene to safeguard fair consumers’ and workers’ rights, as platforms may lack the
incentive to do so beyond a certain point (recall from Proposition 3.5 that platforms only have incentives to
keep the fraction of fair consumers sufficiently high, but not higher). For example, the regulator may require
platforms to have a rating system for consumers, where workers can share their experience with each other
if they had been tip-baited by a particular consumer. By doing so, workers would have more information
about whether an order is likely from selfish consumers who tip-baited other workers in the past. Due to the
rating system, selfish consumers will find it increasingly hard to tip-bait workers who gradually learn from

their collective experience, and the fraction of selfish consumers will then decrease.

3.6.2 All Consumers Are Fair

Building on the above benchmark case where all consumers are fair (o = 1), I further explore the dynamics
among platforms, workers, and fair consumers to offer deeper insights. Because fair consumers may ex post
deduct a certain percentage of the promised tip if food delivery takes long, I am particularly interested in
understanding the impact of consumers’ leniency regarding tip reduction on platforms’ prices, wages, and
profits. Interestingly, I find that the additional price charged by platforms when consumers pay tips can be

either higher or lower than the price without tips, depending on how lenient consumers are.
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Proposition 3.7. There exist unique thresholds X, 7»1,, and A, such that while transactions occur,
(i) when tips are paid (A > \), platforms charge fair consumers a higher price than in the scenario
without tips if and only if L > \,;
(ii) when tips are paid (. > \), platforms pay workers a higher wage than in the scenario without tips if
and only if A > A,
where N, A, and \,, are defined in the Appendix B.
Figure 3.4 showcases Proposition 3.7 withae=1,y=0.8,¢c, =0.2, ¢, =2,3=0.7, Wy =1, 0, = 0.8,
and 0z, = 0.3. Under this set of parameters, A = 0.37, A, = 0.57, and A,, = 0.75. The horizontal axis
represents the percentage of tip reduction A (it is equivalent to say that the smaller A is, the more lenient

consumers are with tipping), and the vertical axis is the optimal price and wage.

Figure 3.4 Impact of Consumer Leniency on Optimal Price and Wage
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Initially when fair consumers are lenient with tipping (A < A), they barely ex post reduce tips even if
the delivery takes long. Anticipating consumers’ lenient behaviors, workers would have no incentives to
exert high effort. Therefore, fair consumers would not offer tips in the first place, as tipping does not reduce
delivery time.

However, when customers are getting more harsh in punishing late delivery by withholding tips (increas-
ing A), one might expect that platforms need to increase wage, as workers now face a significant risk of
losing tips so that platforms need to offer a higher wage to insurance against the potential loss from con-
sumer tips. Because platforms need to pay a higher wage, one might also expect they should pass on the
increased wage expense to consumers by charging a higher price.

Yet, a counterintuitive phenomenon occurs: instead of observing an increase in wage and price, there is
a downward adjustment in both when fair consumers started to become less lenient (A > A). During this

transition, tipping becomes an effective mechanism to induce high effort from workers, as the final tip is
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now more outcome-based. Since workers receive extra compensation from tips, platforms are enabled to
pay a lower wage while still ensuring a competitive total package to workers (A < A,,). Consequently, they
transfer some of the benefits from lower wage expense to consumers by charging a lower service price
(A <A,), contradicting what one might expect.

It appears that the scenario where prices and wages increase due to tipping leniency only manifests
when consumers are sufficiently harsh and would take back most of the promised tip if the delivery takes
long. In such instances, tips become an unreliable supplement to wages, leading platforms to secure worker
participation by providing higher wages (A > A,,). As a result, platforms charge consumers a higher price to

offset the increased wage expense (A > A,).

3.6.3 Negative Price and Wage

Studies in the literature of two-sided market competition typically find that price and wage need to be
positive to ensure profitable matching for platforms (e.g., Zhang et al. 2022a; Hu and Liu 2023). However,
I find that in the presence of consumer tips, negative price and wage are possible under certain conditions,
which I summarize in the following proposition.
Proposition 3.8. There exist unique thresholds M, and M,, such that

(i) when c,, <¢,, p* <0 ifand only if M < M, w* > 0 always holds;

(ii) when c,, >¢,, p* <0ifand only if M <M,, w* <0 if and only if M <M,,,
where M, and M,, are defined in the Appendix B.

To derive further insights, I plot Proposition 3.8 in Figure 3.5 with . = 0.8, A=0.5,y=0.8, ¢, = 0.2,

¢y =2,=0.7, Wy =1,80g =0.8, and 6, = 0.3. Under this set of parameters, ¢,, = 1.8, M, = 0.32, and
M,, = 0.45. The horizontal axis represents the market size (M), and the vertical axis is the optimal price and

wage.

Figure 3.5 Impact of Market Size on Optimal Price and Wage
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Interestingly, I observe that both price and wage are negative when the market size is small (M < M,).
A negative price indicates that instead of charging consumers a price for using platforms, platforms would
subsidize consumers for placing orders. For example, this could be that platforms provide consumers with
large coupons to stimulate demand. In contrast to the conventional case where platforms make profits from
consumers, platforms actually make profits from workers in this case (note that a negative wage implies for
every transaction, workers need to pay platforms for the delivery opportunities). In particular, workers are
willing to accept the deal because they anticipate to be compensated by receiving large tips from consumers,
which exceed the cost they pay to platforms and still result in a positive earning for them.

The negative wage and price is an interesting result that has mostly been overlooked in the literature,
where platforms’ wage is positive because wage is the only source of income for workers. And because
wage needs to be positive, the price must also be positive to sustain a positive profit margin (price minus
wage) for platforms. However, in practice workers also receive tips from delivering food, in addition to
the wage they receive from platforms. Hence, my paper complements the two-sided market competition
literature, as I find that in the presence of consumer tips, positive wage and price are not always guaranteed

and could be negative under certain conditions.

3.7 Concluding Remarks

This paper studies two-sided platform competition where consumers promise a tip while placing food orders
and may or may not be able to reduce the tip after delivery is completed, depending on the platforms’
tipping policy. Specifically, platforms can either offer an adjustable tipping policy where consumers can ex
post reduce their tip (e.g., Uber Eats), or offer a non-adjustable policy where they cannot (e.g., DoorDash).
In addition, the adjustable tipping policy may be abused by some selfish consumers, who initially promise
a large tip to motivate a fast delivery but will completely remove the tip after delivery, regardless of the
delivery time. In contrast to selfish consumers, fair consumers stick to their promise and pay the tip in full
if the delivery is indeed fast, and would partially reduce the tip if the delivery turns out slow.

To understand the interplay among platforms, workers, and consumers, I consider a stylized model where
two platforms first decide their respective tipping policy (adjustable or not). Later, platforms decide how
much wage to offer to workers in exchange for their delivery service, and how much price to charge con-
sumers for using the platforms. Consumers then decide which platform to use and how much tip they
promise to pay while placing orders. Once a matching between consumer and worker has been established,
workers decide whether to exert high or low delivery effort. Finally, the delivery is completed and consumers

decide whether to reduce the tip they promised, if an adjustable tipping policy is selected.
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3.7.1 Results and Managerial Insights

Our results indicate that regardless of the fraction of selfish consumers, adopting the adjustable tipping
policy is each platform’s dominant strategy. This result has important managerial implications that for plat-
forms who are currently offering a non-adjustable tipping policy (e.g., DoorDash), they can be better off by
switching to the adjustable policy, like their competitor does (e.g., Uber Eats). The adjustable tipping policy
is better because of two reasons. First, it enables consumers to effectively reduce the expected waiting time
through tipping, which in turn increases platforms’ demand; while in the non-adjustable policy, workers do
not have incentives to work hard if their final tip is unaffected by delivery time. Second, with the adjustable
tipping policy platforms are able to pay a lower wage, as workers receive extra income from consumers’
tip.

I also find that platforms are indifferent about selfish consumers under certain conditions. However,
the existence of selfish consumers always harms those honest fair consumers and workers. Hence, my
findings offer policy implications that third-party regulators need to intervene to safeguard fair consumers’
and workers’ rights, as platforms may lack the incentive to do so beyond a certain point. For instance,
the regulator may require platforms to have a rating system about consumers, where workers can share
with each other about their past experience with a particular consumer. With the rating system, it will be
increasingly hard for selfish consumers to tip-bait workers.

Furthermore, my investigation into a scenario solely populated by fair consumers sheds light on the com-
plexity of platforms’ pricing and wage strategies. I show that the price set by platforms when consumers
pay tips does not have a uniform relationship with the price in non-tipping scenarios. Instead, it can be
either higher or lower, contingent upon the degree of generosity that consumers apply to their tipping prac-
tices. This highlights that even in the absence of selfish consumers, the equilibrium price and wage set by
platforms are sensitive to the nuances of consumers’ tipping leniency.

Finally, I find that platforms’ price and wage can be negative under certain conditions. In the presence of
the adjustable tipping policy, consumers have incentives to pay tips to motivate fast delivery, thus workers’
total earning comes from both platforms (wage) and consumers (tip). Under certain conditions, workers
are willing to accept a negative wage, which implies that workers need to pay platforms for the delivery
opportunities, because they expect to be compensated by receiving large tips from consumers. There are
also situations where platforms’ price can be negative, which implies that platforms subsidize consumers

for placing orders. For example, platforms may provide consumers with large coupons to stimulate demand.

3.7.2 Limitations and Future Research Directions

I conclude the paper by discussing some limitations about my model and other directions for future research

in the area. First, I have assumed that consumers would calculate the optimal tip to give when placing
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orders. However, in practice consumers may simply follow the tip suggestion by platforms, such as giving
10%, 15%, or 20% tips, because calculating the optimal tip requires some cognitive resources and may
be cumbersome to some consumers. Thus, future research may also investigate the optimal design of tip
recommendation by platforms. For example, what is the optimal percentage of tips to recommend and how
many tipping suggestions should platforms make. Second, my model does not consider the possible batched
orders, where workers combine multiple orders from different consumers into a single delivery route. In
this case, food delivery time depends on not only workers’ delivery effort but also the proximity to locations
of other orders in the batch. Therefore, consumers may give different tips if their order is being stacked
with others. It would be interesting to study the impact of batched orders on platforms’ tipping policy and

subsequent wage and price decisions.
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Chapter 4
4 Probabilistic Price Promotions Without Obligations

Abstract: This paper studies the design of probabilistic price promotions where consumers through a lottery are either
offered one of many promotional prices, including zero, or offered to purchase products at the original list price. Upon
observing the realized promotion price, consumers are, however, not obligated to purchase. Based on the cognitive bias
zero-price effect, where consumers attach a special value to free products, I derive the optimal promotion parameters
regarding the number of promotional prices, the chance of winning, and the list price. I consider a duopoly where a
firm operating the probabilistic price promotion competes against a firm operating a standard fixed price promotion. The
market consists of two types of consumers, trusting consumers, who form unbiased expectations based on the lottery
parameters, and skeptical ones, who form skewed expectations. I find that a simple lottery, wherein consumers either
receive the product for free or are offered to pay the original list price, is more profitable than a complex lottery with
many promotional prices. Moreover, firms should only offer probabilistic price promotions when the zero-price effect
is larger than a threshold, which decreases in the fraction of trusting consumers. These findings offer key managerial
implications: firms with excellent reputations, resulting in a large fraction of trusting consumers, should offer the simple
lottery to capitalize on the zero-price effect. Conversely, those with mediocre reputations, drawing a high fraction of

skeptical consumers, should prioritize fixed price promotions to eliminate any uncertainty in the final price.

Key words: probabilistic price promotion, zero-price effect, consumer skepticism, game theory

4.1 Introduction

Discounts and promotions represent more than 25% of revenue for typical consumer goods (Rapperport,
2015). Hence, designing promotions right is critical for retailers to thrive. In contrast to the conventional
fixed price promotion where the discount is fixed, probabilistic price promotion, where the price or discount
is ex ante uncertain to consumers, is quickly gaining popularity among retailers. For example, the Canadian
home supply company Reno-Depot has run advertising campaigns where the hidden discount ranges from
10% off to 100% off but only revealed if consumers come to the store to scratch a card, see Figure 4.1
(Reno-Depot, 2019). Many other retailers have announced similar campaigns, explicitly stating the corre-
sponding probabilities of receiving different possible discounts and not requiring consumers to buy if they
are unsatisfied with the final discount (see, for example, Home Hardware, 2020; PartSource, 2022). Sup-
porting the case for this type of promotions, empirical research have found that compared to equivalent fixed
price promotions, probabilistic price promotions can be more effective as they increase purchase likelihood
(Choi & Kim, 2007; Mazar, Shampanier, & Ariely, 2017; Hock, Bagchi, & Anderson, 2020).

One explanation behind the attractiveness of probabilistic price promotions is the well-established psy-

chological phenomenon known as the Zero-Price Effect, where products received for free are perceived as
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Figure 4.1 Probabilistic Price Promotion

Discount Percentage  Number of Cards with Discount (based on 1,000 cards) 0Odds of obtaining the Discount

10 % 900 90 %
15 % 55 5,5 %
20 % 34 34 %
25% 7 0,7%
50 % 3 0,3 %
100 % 1 0,1%

having higher intrinsic value. In particular, Shampanier et al. (2007) empirically show that when a product
becomes free, consumers attach extra positive utilities to it, and that the effect vanishes with any other price
offers (e.g., $0.01). Although probabilistic price promotion only involves a chance to receive, but does not
guarantee, free products, Dallas and Morwitz (2018) have shown through experiments that consumers are
just as likely to evaluate pseudo-free offers, which require some cognitive tasks, as truly free offers. For
example, pseudo-free offers can require consumers to complete a survey or, as in my paper, to evaluate a
probabilistic price promotion. Consequently, when a firm offers probabilistic price promotion that includes
free products, consumers may be more likely to purchase from the firm due to zero-price effect.

However, it is unclear whether the increased purchase likelihood leads to increased profits. First, if con-
sumers’ chance of winning is “too high,” then “too many” products are sold at promotional prices, which
may not be maximizing the firm’s profit. Furthermore, consumers are often not obligated to proceed with
purchasing if they are unsatisfied with the final price, and have the option to switch to competitors. Thus, the
firm needs to strategically design the promotional prices. Finally, when a firm offers probabilistic price pro-
motion involving a chance to receive products for free, some consumers might be skeptical and convinced
that the promotion is merely a trick used to fool them. After all, receiving products for free sounds too good
to be true. Indeed, previous research have shown that some consumers are skeptical about extreme price
discounts, see Urbany et al. (1988), Ford et al. (1990), Kim and Kramer (2006). Hence, several questions
arise:

* What is the optimal design of probabilistic price promotion in the presence of skeptical consumers?

* How would zero-price effect affect firms’ pricing decisions and revenues?

* When is it more profitable to offer probabilistic price promotion than fixed price promotion?

To address these questions I consider a duopoly market and analyze the competing price promotions
through a game-theoretic model. The market consists of a Hotelling linear city where consumers are uni-
formly distributed over [0, 1]. The two firms are located at the two extreme points and sell identical homo-

geneous products. Firm B offers a conventional fixed price promotion, while firm A offers a probabilistic
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price promotion such that her product discount is ex ante uncertain to consumers. Specifically, firm A’s
uncertain discount is designed such that consumers will through an individual lottery either receive one
of n promotional prices, including a zero price (i.e., 100% discount), or are offered to buy at the original
list price. Although the probabilities of receiving each price discount are publicly announced by firm A,
consumers need to visit firm A and draw the lottery to finalize their individual discount. If consumers are
unsatisfied with the final discount/price, they are not obligated to proceed with the purchase and may switch
to the competing firm.

Because consumers cannot verify whether the true probabilities of receiving promotional prices are
indeed the claimed ones, some consumers might be skeptical and convinced that the promotion is merely
a trick used to fool them. I then consider two types of consumers: trusting consumers and skeptical con-
sumers. Trusting consumers view firm A’s probabilistic price promotion in good faith and believe the lottery
outcomes will be truthfully determined according to the announced probabilities. On the other hand, skep-
tical consumers consider the lottery essentially rigged and the uncertain price will always turn out to be the
highest one in their draws. The game sequence is as follows: First, firm A designs the lottery and firm B
decides her price, simultaneously. Then, consumers decide which firm to visit. For those consumers who
visited firm A, they draw a lottery, which determines the final price, and decide whether to purchase from
firm A or switch to firm B.

A summary of my findings and contributions are as follows: (1.) I show that instead of providing a
complex lottery that includes many different promotional prices, firms would be better off by offering a
simple lottery through which consumers either receive the product for free or are offered to pay the orig-
inal list price. Moreover, firms should only offer probabilistic price promotion when the zero-price effect
is larger than a given threshold, such that the probabilistic price promotion significantly boosts demand.
Furthermore, the given threshold is decreasing in the fraction of trusting consumers. These results have
important managerial implications that for a fixed level of zero-price effect, firms with excellent reputation,
and thus higher fraction of trusting consumers, should implement probabilistic price promotions. By con-
trast, firms with mediocre or bad reputation, and thus more likely to have skeptical consumers regarding an
lottery-based promotion, should stick to conventional fixed price promotions. In addition, when designing
a probabilistic price promotion, firms should strive to keep the promotion simple, as a complex promotion
is both unnecessary and less profitable.

(2.) I find that as consumers increasingly value free products (larger zero-price effect), firms should set
a higher chance of receiving promotional prices to satisfy consumers’ desire for free products. However,
the original list price exhibits non-monotone pattern and may either increase or decrease in the zero-price
effect. The non-monotone change in list price is a result of the two firms engaging in a price war that gets

fiercer as consumers add more value to free products.
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(3.) Motivated by the fact that probabilistic price promotions often have very short promotion periods
(e.g., Kent’s probabilistic promotion lasted for only 1 day*) such that the two firms are unlikely to offer
probabilistic price promotion at the same time, I focus my attention on asymmetric promotion strategies in
the main model. In an extension, I consider the case where both firms implement probabilistic price pro-
motion (symmetric promotion strategies) and show that my main insights remain unchanged. In another
extension, I consider the scenario where firms can acquire government certification that verifies the credi-
bility of probabilistic price promotion. In the presence of government certification, skeptical consumers no
longer question the legitimacy of the promotion and are converted to trusting consumers. Surprisingly my
results include that under certain conditions, firms may not want to acquire government certification even if
it is free.

(4.) In general, I propose a novel framework that investigates the optimal design of probabilistic price
promotion in the presence of two behavioral biases, i.e., the zero-price effect and consumer skepticism.
Probabilistic price promotion is quickly gaining popularity, but there exist very few theoretical studies to
guide the optimal design of such promotion. Hence, my study fills the literature gap, helps understand the
increasingly popular practice of promotion, and offers insights into its optimal design.

The rest of this paper is organized as follows. In section 2, I review the related literature. In section 3, I
present the model setup. In section 4, I analyze the competition between firms and compare my main model
results with those in a benchmark to derive further insights. In section 5, I explore the main model with
two extensions to demonstrate robustness of results. Lastly, I conclude with managerial implications and
directions for future research in section 6. Throughout the paper, I use “increase” and “decrease” in a weak

sense, unless otherwise specified. All proofs are provided in the Appendix C.

4.2 Literature Review

The underlying business problem and proposed model formulation are similar to the mechanism of prob-
abilistic selling and opaque products. Probabilistic selling refers to the selling strategy in which sellers ex
ante hide one or more product attributes (e.g., color of shirt or specific hotel), and only ex post reveal to
consumers the exact product with all specific attributes. For example, Fay and Xie (2008) study proba-
bilistic selling in a monopoly setting and find that probabilistic selling can be beneficial as it lessens the
negative effect of demand uncertainty and mismatch to capacity is reduced. Anderson et al. (2015), who
through both an empirical data analysis and theoretical exposition, consider the revenue impact and optimal
price thresholds in Name-Your-Own-Price sales channels. Elmachtoub and Hamilton (2021) show the power
of probabilistic selling in a setting where risk-neutral consumers and pessimistic consumers coexist, and

characterise conditions under which probabilistic selling outperforms discriminatory pricing. In the above

“ https://twitter.com/DartmouthXing/status/1020034457053605891.
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studies, consumers pay the same price but may receive different products. This paper studies the opposite
case where consumers receive the same product but may pay different prices that are ex anfe uncertain.
Furthermore, in probabilistic selling, consumers’ uncertainty is not resolved until after the sales transac-
tion, while in the proposed probabilistic promotion, the consumers’ uncertainty is resolved prior to the sales
transaction.

Another related literature is the nascent stream on randomized or markovian pricing, e.g. Wu et al. (2014),
Moon et al. (2018), Wu et al. (2020), Chen et al. (2023). Both Wu et al. (2014) and Wu et al. (2020) center on
a monopolist who, over an infinite time horizon, randomly switches the price between a high and low level
according to a Markov process, but differ in specific assumptions regarding the consumer behavior and firm
strategy space. Wu et al. (2014) show that a randomized pricing strategy outperforms a fixed or flat pricing
strategy, while Wu et al. (2020) extend the insights in the presence of price guarantees. Different from Wu
et al. (2014) and Wu et al. (2020) wherein the firm’s random price is binary distributed, my paper studies
a more general case where firm’s random price is determined through a lottery that has many outcomes.
Chen et al. (2023) also consider a more general random price distribution, and conditions under which a
binary price distribution is optimal are derived. However, their paper considers a monopolist setting, while
I focus on a duopoly setting where consumers may switch to a competing firm if they are unsatisfied with
the promotional prices determined through a lottery.

Moreover, this paper contributes to the predominant empirical literature within marketing that suggests
probabilistic price promotions can be more effective than fixed price promotions. For instance, Choi and
Kim (2007) conduct two laboratory experiments and find that probabilistic price promotion can be an
effective promotional tool to improve consumers’ perceptions about products and increase their shopping
intention. Goldsmith and Amir (2010) use three experiments to demonstrate that an uncertain prize may
be almost as effective as offering the best possible outcome with certainty. Mazar et al. (2017) conduct
experiments of probabilistic price promotion where consumers may receive product for free. They find that
consumers are more likely to purchase in a uncertain pricing promotion than in a fixed price promotion,
even though they offer the same amount of expected discount. Similarly, Hock et al. (2020) show that com-
paring to a fixed price promotion, probabilistic price promotion can lead to higher purchase likelihood and
increased average overall spending.

In contrast to the above abundant empirical studies of probabilistic price promotion, very few analytical
studies exist. Lei (2022) is the closest paper to ours. He considers a market where firms do not announce the
corresponding probabilities of different discounts in a probabilistic price promotion. Hence, consumers have
to form their own judgements about the expected discount. Our study differs from his study in two aspects.
First, I incorporate the psychological phenomenon, zero-price effect, into my model and investigate how

would such effect impact firms’ pricing decisions. Second, consumers in my study know the distribution
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of different discounts, therefore firms endogenously determine the perceived value of a probabilistic price
promotion.

Finally, this paper contributes to the growing literature on pricing and revenue management in the pres-
ence of various behavioral biases and consumer considerations.For reviews in this area see Shen and Su
(2007) and Ozer and Zheng (2012), see also Strauss et al. (2018) for a review on the tangential choice-
based modeling. For a specific behavioral analysis related to pricing strategies, see Ozer and Zheng (2016).
A traditional classification regarding consumer consideration centers on whether consumers are myopic or
strategic in their purchase decision making. For an example relevant to my model framework, see Mantin
et al. (2011). The myopic/strategic distinction is mainly relevant to dynamic pricing models over multi-
ple periods, but can be generalized to include consumer decision evaluations within single periods. On the
behavioral aspect, the most established paradigm within economic modeling is that of Prospect Theory.
Stemming from the seminal work of Daniel Kahneman and Amos Tversky in the late 1970s, the general
tenet within Prospect Theory is that consumer evaluations are highly context dependent and that choices
involving equal financial consequences may nevertheless produce starkly different decisions. For an anal-
ysis involving both theoretical and empirical exposition, see Wang (2018). In my paper, consumers are
strategic in the sense that they evaluate consequences beyond the immediate pay-off. Furthermore, I incor-
porate two novel behavioral considerations: (1) consumers’ outlook regarding the integrity of firms and

their promotions, and (2) the established cognitive bias zero-price effect.

4.3 Model Setup

Consider a Hotelling linear city where consumers are uniformly distributed over [0, 1]. Two firms, A and B,
selling homogeneous products, are located at opposite ends; firm A is located at 0, and firm B at 1. The two
firms have the same fixed marginal cost of production, which is normalized to zero, and compete for market
share through individual price promotions.

Firm B operates a standard fixed price promotion by announcing a fixed price pp. By contrast, firm A
offers a probabilistic price promotion through a lottery such that consumers are ex ante uncertain about the
final price p,. The lottery is designed such that the final price is,

{ pa€{0,1p,2p,..., 1B}  with probability v,
pAa=D with probability 1 —17,
where 0 < v < 1. That is, with probability Y, consumers win the lottery and receive a promotional price from
a set of n promotion outcomes {0, iﬁ, %ﬁ, cey "%lﬁ}, where each promotion price outcome is equally likely
to be selected, i.e., ps = ﬁﬁ with probability %, i=0,1,...,n— 1. Otherwise, consumers lose the lottery
and are offered to pay the list price p. Firm A decides and publicly advertises the list price p, the probability
of winning lottery vy, and the number of promotion outcomes n, where n € Z and n > 1. Nevertheless,

consumers must arrive at firm A’s store to draw and observe their realized individual outcome of the lottery.
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For any realized outcome price p,, consumers are not obligated to purchase at firm A, and can choose to
visit and buy from firm B instead.

Because consumers cannot verify whether the true probability of winning lottery is indeed 7, some con-
sumers might be skeptical and convinced that the promotion is merely a trick used to fool them. I then
consider two types of consumers. A fraction of € (0,1) consumers are trusting consumers, who view
firm A in good faith and believe the lottery outcomes will be truthfully determined according to the claimed
probabilities. By contrast, the remaining 1 — B fraction of consumers are skeptical consumers, who think the
lottery is merely a marketing trick and that the uncertain price will always turn out to be the highest outcome
P (i.e., in essence skeptical consumers assign Y= 0). All consumers have unit demand and homogeneous
valuation v for the product. Following a standard assumption in the literature, I assume v is sufficiently high
such that the market is fully covered, see Fudenberg and Tirole (2000), Shin and Sudhir (2010), Li and
Jain (2016), and Bae et al. (2022). If the market was not fully covered, then by definition, consumers in the
middle of the Hotelling line would not purchase from either firm. In this case, the two firms act as local
monopolists and do not compete with each other.

Let u} and 5 denote a trusting and skeptical consumer’s utility of visiting firm A, respectively. A trusting
consumer perceives firm A’s price lottery in good faith and form expected utility of buying from firm A.
Empirical research has shown that when a product becomes free, consumers attach a special value to it and
derive extra positive utility of o.. This phenomena has been labeled the zero-price effect (Shampanier et al.,
2007). Thus, a trusting consumer’s expected utility of visiting firm A is,

n—1 :
W (x) = v+ %a— (% ZO min{ -5, py+ 1} + (1 =y min{p, py +1}) — 1 @.1)
im
For any realized price p,, consumers compare it with their outside option of switching to firm B, which
would incur the entire travel cost ¢ (since consumers are at firm A to draw the lottery and the distance
between firm A and firm B is 1) plus paying price Pz. In addition, the quadratic cost is governed by a
transportation cost parameter ¢ > 0 and the consumer’s location x.
In contrast to the trusting consumer, the skeptical consumer, who assumes firm A’s “uncertain’ price will

always be p, = p, has the following (biased) “expected” utility of visiting firm A,
uS(x) =v—p—tx’. (4.2)
Since firm B’s price is fixed and transparent, both trusting and skeptical consumers derive the same utility
of purchasing from firm B,
ug(x) =v—pp—t(1 —x)>~ (4.3)
Figure 4.2 summarizes consumers’ decision-making process. For each type of consumers, define the
consumer located at X as being indifferent between visiting firm A and firm B,

{ ul (x) = up(x) if consumer is trusting, (4.4)

u (X) = up(x) if consumer is skeptical.
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Figure 4.2 Consumers’ Decision-Making Process
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For each consumer type, equation (4.4) solves uniquely for,

n(pp+t)+oy=n(¥ ¥} min{ £ p,pp+t}+(1-y) min{p,pp+1})
— 2tn

p+i—p if consumer is skeptical.

if consumer is trusting, 4.5)
That is, a consumer will only visit firm A if her distance to firm A is less than or equal to x. Consequently, x
also represents the market share or demand for firm A. Note that X is different for each type of consumers,
and that consumers’ type only impacts their initial decisions on which firm to visit. However, once they
have arrived at either firm, their type becomes irrelevant. For skeptical consumers who draw the lottery,
their chance of winning the lottery is the same as that of trusting consumers, and they compare the realized
price with pp + ¢t to make a final purchasing decision.

The sequence of events is as follows: First, firm A designs the lottery (p, Y, and n) and firm B decides
her price (pg), simultaneously. Then, consumers decide which firm to visit. Later, for the consumers who

arrived at firm A, they draw the lottery and decide whether to buy from firm A or switch to firm B.

4.4 Price Promotion Strategies

In this section, I first investigate the optimal number of promotion outcomes, and then characterise the
competition between firms and study the impact of zero-price effect on firms’ pricing and profits. Lastly, I
compare my main model results with those in a benchmark where both firms implement fixed price promo-

tion (the standard Hotelling model) to derive further insights.

4.4.1 Optimal Number of Promotion Outcomes

After drawing the lottery, consumers choose to either buy at the realized price at firm A or switch to firm B.
I consider two cases.
Case 1: For any potential price p4, consumers would choose to continue purchasing at firm A, i.e., p <

ps +t. In this case, for trusting consumer, the expected transaction price from visiting firm A is given by,

n—1 -

Elpi) =1 Y 25+ (1-1p

i=0

Y



_pen—(1+n)

4.6
o (4.6)
Hence, the demand expression (4.5) can be simplified to,
_ W if consumer is trusting, 4.7
X= . .
eet—P if consumer is skeptical.
Given the above expressions, firm A’s expected profit maximization problem can be expressed as
_ n(pgp+1t)+oy—E[p|n pgt+t—p
max TLy(p 1) = Efpi] [p("L DT AR (g gy 2ot 1P
pin 2tn 2t
st. pel0,pp+1],
ve[0,1], (4.8)

n>1.

Case 2: Consumers choose to continue purchasing at firm A only if the realized price p, < fﬁ, where
ke Z and 0 <k <n— 1. The expected transaction price for trusting consumers from visiting firm A is then

given by,
P+ (n—k=1)(ps+1)]+ (1 =v)(ps+1)

+(n—k—1)(ps+1)]+ (1 =) (ps+1). (4.9)

Note that E[p,] is not the expected price that trusting consumers will pay to firm A, but rather the expected
transaction price paid to either firm A or B if they were to draw the lottery. In (4.9), %w is the expected
price that trusting consumers pay to the firm A; when the realized price is greater than %ﬁ’ trusting consumers
switch to firm B, which entails cost pp + 7.

In addition, with £p being the highest acceptable price, it implies p > ps + and p < pg + 1. In this
case, firm A’s demand from skeptical consumers is 0, since W < 0. That is, the list price is too high and

skeptical consumers will not visit firm A, as they (incorrectly) assume the realized price will be p for sure.

Hence, the demand expression (4.5) can be simplified to,

. W %f consumer %s trustiflg, 4.10)
0 if consumer is skeptical.
Given the above expressions, firm A’s expected profit maximization problem can be expressed as
- YPk(k+1) o n(ps+1) + oy —E[ps|n
I1 =-
max Iy (p,v,n) = ——B( in )
s.t. p>pp+t,
k_
“P<pstt,
n
ve[0,1], (4.11)
n>1.
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Having discussed firm A’s profits in both cases, I am now ready to establish a insightful result that for
any lottery with n > 2 promotion outcomes, there exists a dominant lottery with n = 1.

Proposition 4.1. The optimal number of promotion outcomes is n* = 1.

Technical details are provided in the Appendix C, but the intuition behind Proposition 4.1 are as follows.
In the first case where consumers never switch for any potential price, firm A can construct a simple lottery
that has the same expected price as the original lottery, but contains only one promotion outcome, namely
zero price. Compared to the original lottery, the simple lottery is more profitable because with consumers
having a higher chance to receive the product for free, and due to zero-price effect, more consumers will
visit firm A. In the second case where consumers may switch to firm B for some realized prices, firm A
can improve their expected profit by constructing a refined lottery that eliminates all the realized prices at
which consumers would switch to firm B (i.e., eliminate prices that are higher than pp + ). Therefore, by
construction, consumers would not switch for any realized price in the refined lottery, and firm A is back to

the first case and there exists a dominant simple lottery with only the zero price promotion outcome.

4.4.2 Competing with Simple Lottery

Since I have shown in Proposition 4.1 that the optimal number of promotion outcomes is n* = 1, hereafter I
base my analysis on the case of the simple lottery wherein consumers either pay the list price p, or receive

the promotional price zero. That is, the final price at firm A is,

_ ) 0 with probability 7,
PA=1 %  with probability 1—7.

In such a lottery, I can deduce that in equilibrium, firm A’s price p must not exceed pp + ¢, otherwise firm A
would certainly earn zero profit. The reason being, if firm A’s in-store consumers win the lottery, they obtain
the product for free, and if they lose the lottery they simply switch to buy from firm B instead. Therefore,

firm A’s demand in equation (4.5) can be simplified as,

. W %f consumer %s trustiflg, “412)
T if consumer is skeptical.
Given the above demand expression, firm A’s expected profit maximization problem is given by,
- — —p(l—=v)+t+oy)+(1— — D+t
max  TL(5,7) = (1 —7) <l3(p3 p(1—v) 2Y) (1—B)(ps—p ))
pl’Y t
s.L. pe[ova‘i‘l], (413)

ve[0,1].

The objective function in equation (4.13) indicates that firm A only earns profit if consumers lose the lot-

tery and receive price p, which happens with probability 1 — 7. In addition, B fraction of consumers are
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trusting consumers and the remaining 1 — [ fraction are skeptical consumers, whose demands are shown in
expression (4.12), respectively.

Similarly, since firm B’s demand is 1 — X, her profit maximization problem is given by,

max T(ps) =y (B(P(l —Y)+t—p3—0;\t() +(1 —B)(p_pBH))

st. pp>0. (4.14)

Although the optimal solutions to (4.13) and (4.14) depend on the parameters o, 3, and 7, in order to
simplify the notation I denote the optimal solutions by p* and ", and pj, respectively, with corresponding
optimal values IT,(p*, ") and IIz(p}). Note in particular that if the zero-price effect o is “too large,” the
appeal of free products is so strong such that all trusting consumers would visit firm A to draw the lottery,
resulting in zero demand for firm B. Hence, for the purpose of this paper I restrict the analysis on the
non-trivial cases where both firms have positive demands and compete for trusting consumers. This implies

that I impose the condition o < 2 . Depending on the strength of the zero-price effect, there are

pU—Y)—pp+t
¥

three different levels of the probabilistic price promotion, which I summarize through the following formal

equilibria of the game.

Proposition 4.2. The game has three equilibria as follows:

_ 1

(i) for all B, there exists a unique lower bound threshold o,

=| |

to not offer probabilistic price promotion: ¥* =0, p" =t, py =t;

— 1=

(1) there exist B VT3 2 0.61 and an upper bound threshold O given by

r(B3+3ﬁLnB+%+(1+B)\/B4+4ﬁ3 2682+12649)
2B(B2-5B+3) S B

12¢(1
19 ifp>B

such that if o < o < @, then it is optimal to offer partial probabilistic price promotion:

o=

(24 B) — /a1 —B) (9 + 40— af)
V= 308 ’
_. —2a(1—B) ++/a(l—B)(9 +4a—op)
a 3(1-) ’

ot 9 — o2+ PB) + /ol —B)(9 + 40— af)
B — 9 5

(iii) for > [3, there exists an adjusted upper bound & = t(1 + 2B) such that if & < o < Q, then it is optimal

to offer maximal probabilistic price promotion:

Y =1/2,

_, 6t—ap
p_2+l37
P=""% 8
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Figure4.3 Equilibrium Regions
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To showcase the above results and provide further intuition, Figure 4.3 presents a numerical illustration
of Proposition 4.2 with # = 1. The horizontal axis represents the fraction of trusting consumers (), and
the vertical axis represents the boost in utility from zero-price effect (). Region (iv) represents the case
where the zero-price effect is overly large such that all trusting consumers visit firm A (i.e., where condition
o< w is violated).

Probabilistic price promotion is a double-edged sword to firm A. On one hand, the possibility of win-
ning products for free has great appeal to consumers, many of whom would be attracted to visiting firm
A and trying their luck. Hence, the demand of firm A increases with probabilistic price promotion (market
expansion effect). On the other hand, probabilistic price promotion is risky as consumers may indeed be
very lucky and win products for free, in which case firm A would not generate any revenue (loss of revenue
effect). The trade-off between these two effects results in the different regions in Figure 4.3.

For the purpose of discussion, consider the case when 3 = 0.8. When the boost in utility is small (ot < o),
it is optimal for firm A to not offer probabilistic price promotion. From firm A’s perspective, weak zero-price
effect does not justify the risk of giving products for free, as it cannot significantly boost demand. Therefore,
firm A is better off with announcing zero probability of receiving free products. Both firms would charge
price of ¢, and each serves half of the market. The model then reduces to the standard Hotelling model.

When the boost in utility is intermediate (o < o0 < Q), it is optimal for firm A to offer partial probabilistic
price promotion, where consumers have positive probability of receiving the free products. In this region,
consumers get more excited about free products, and even some of the distant consumers are willing to
visit firm A and draw their lottery, if given such an option. Hence, tailoring to the desire of consumers,
firm A offers probabilistic price promotion such that consumers may receive products for free with positive
possibility. Upon arriving at firm A, some consumers indeed get lucky and receive free products. The other
less lucky consumers receive the price p*, and they need to re-evaluate their options: buy the product from

firm A at price p* or switch to firm B and pay pj. Although firm A’s price p* is more expensive than her

61



competitor’s offer pj, the consumers are reluctant to switch to firm B due to the high transportation cost.
After all, if they switch to firm B, they need to travel the whole street and incur costly transportation cost.
If they buy at firm A, they only need to pay the price p*, as the transportation cost to firm A has already
incurred in the past and becomes a sunk cost now. Weighing the trade-offs, all these less lucky consumers
would just buy from firm A despite the higher price. And the induced “sunk cost” is one of the key pillars
of the probabilistic price promotion strategy.

When the boost in utility is large (00 < o < @), it is optimal for firm A to offer maximal probabilistic price
promotion, where consumers receive free products with probability 1/2. In this region, the appeal of free
products is tempting enough such that firm A’s sets her price p* = pj + ¢, which is exactly the switching
cost for firm A’s in-store consumers to switch to firm B. Note that the switching cost pj + ¢ is also the
maximum price that firm A can charge upon consumers’ arrival. For any price higher than the maximum
price pj +1¢, the in-store consumers would leave firm A without purchasing and switch to firm B, despite the
transportation cost. Moreover, firm A is only able to set the maximum price when free products are attractive
enough (0 < o < ®). Had the boost in utility been intermediate, firm A would have set her price p* to be
less than pj + ¢, otherwise the high price (pj + t) would have discouraged many consumers from visiting
firm A in the first place. Next, I present a straightforward corollary of Proposition 4.2 that offers important
managerial insights into selecting the right promotion.

Corollary 4.1. The threshold of offering probabilistic promotion o is strictly decreasing in P.

Corollary 4.1 can be observed in Figure 4.3, and implies that firms with excellent reputation, resulting
in a high fraction of trusting consumers, should implement probabilistic price promotion to take advantage
of the zero-price effect. By contrast, firms with mediocre or bad reputation, resulting in a high fraction of
skeptical consumers questioning the credibility of such promotion, should not offer probabilistic price pro-
motion. Instead, firms with mediocre reputation should implement the conventional fixed price promotion
to eliminate any uncertainty in the final price.

Next, Proposition 4.3 examines the impact of o on firms’ prices.

Proposition 4.3. The optimal price of each firm has the following properties:
(1) firm A’s optimal price p* is strictly increasing in o. if and only if o < o0 < Qs
(i1) firm B’s optimal price p}, is decreasing in 0.

To provide further intuition, Proposition 4.3 is numerically illustrated in Figure 4.4 with B = 0.8 and
t = 1; under this set of parameters, o = 0.25 and & = 0.94. The horizontal axis represents the zero-price
effect (o), and the vertical axis corresponds to the optimal prices p* and pj, for firms A and B, respectively.

When the boost in utility from zero-price effect is small (a0 < 0.25), firm A would not implement prob-
abilistic price promotion as giving out products for free cannot stimulate enough demands to compensate
the loss of revenue effect. Hence, the model reduces to the standard Hotelling model, in which o does not

affect firms’ prices.
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Figure 4.4 Impact of the Boost in Utility From Zero-Price Effect on Firms’ Prices
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When the boost in utility from zero-price effect is intermediate (0.25 < o < 0.94), firm A starts imple-
menting probabilistic price promotion and I observe that firm A’s price increases in o. There is no free lunch,
and free products are not so “free.” In particular, consumers accept a high premium price p in exchange for
the opportunity of receiving free products. The more consumers value free products, the higher the premium
price is. On the other hand, firm B’s price pj starts to decrease in o because she has to lower her price to
compete for consumers, who increasingly appreciate the opportunity of receiving free products from firm
A.

When the boost in utility from zero-price effect is large (o0 > 0.94), perhaps surprisingly, the opposite
happens—the more consumers value free products, the lower the premium price is. In this range of o, firm
A’s price p* reaches its upper bound pj +¢. As firm B’s price pj continues to decrease, firm A has to decrease
her price as well because any price higher than pj + ¢ would incentivize the in-store consumers to leave
firm A and switch to firm B. The two firms engage in a price war that gets fiercer as consumers add more
value to free products.

Next, Proposition 4.4 presents the impact of o on the probability of receiving free products (y*), and is
illustrated in Figure 4.5 with f =0.8 and 7 = 1.

Proposition 4.4. The probability of receiving free products Y* is increasing in o.

Recall that probabilistic price promotion is a double-edged sword such that the market expansion effect
and the loss of revenue effect co-exist. When the boost in utility from zero-price effect is small, the loss
of revenue effect dominates the market expansion effect such that firm A announces zero probability of
receiving free products.

As consumers increasingly appreciate free products, firm A starts to announce positive probability of
receiving products for free. By increasing the probability of receiving free products, firm A attracts more
consumers coming to her store and drawing the lottery. Although some of the consumers may receive the
product for free (with probability "), the other less lucky consumers would pay the high premium p*.

Overall, the extra revenue from these less lucky consumers outweighs the loss of revenue from those lucky
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Figure 4.5 Impact of the Boost in Utility from Zero-Price Effect on the Probability of Receiving Free Products
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consumers. To leverage on the market expansion effect, firm A sets a higher probability of receiving free
products (y*) as ol increases.

Intuitively, y* cannot always increase in o, otherwise firm A would be giving out free products for the
most of the time, and loss of revenue effect would be severe. Proposition 4.2 and Proposition 4.4 together
state that firm A would at most set y* to 0.5, which happens when firm A’s price reaches the upper bound
Py +t. Note that probabilistic price promotion works because the less lucky consumers would pay a high
premium p* that covers the loss of revenue effect. Increasing ¥* to above 0.5 would require more revenue
from the less lucky consumers to compensate the loss of revenue attributed to lucky consumers. But since
the premium price p* now decreases in ¢ due to the price war, firm A receives less revenue from the paying
consumers, not more; and so her optimal strategy is to maintain y* = 0.5, not more.

Next, Proposition 4.5 presents the impact of ¢ on firms’ profits.

Proposition 4.5. There exist unique thresholds o; and o, such that:
(i) firm A’s profit T1,(p*,Y") is strictly increasing in o if and only if 0 < ot < O3
(i) firm B’s profit Ig(p}) is decreasing in o,

where
. 73t([32—11[3+4+\/B4+3[33+4[32+12[3+16)
o; =min< O, 1Ba—P)
and
a if <P,
o, =1 o ifp<B<3,
3T(§[;B) if%<B-

To again provide better intuition I provide a numerical illustration of Proposition 4.5 in Figure 4.6. In the
left panel the regions defined by o, and o, have been amended to Figure 4.3 to give a visual presentation of
their relative positions. The middle and right panels numerically illustrate Proposition 4.5 with § = 0.8 and

t = 1. Under this set of parameters, o, = 0.39 and o, = 2.25.
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Figure 4.6 Impact of the Boost in Utility from Zero-Price Effect on Firms’ Profits
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Figure 4.6 shows that firm A’s profit IT, (7", Y*) first decreases, then increases, and then decreases again. It
is perhaps surprising that firm A’s profit would decrease when she switches from assigning zero probability
to assigning positive probability (y) of receiving free products. After all, it is at firm A’s discretion to set Y
such that her profit is maximized. So, why would firm A set a positive 7 that results in a lower profit? It turns
out that when o is non-trivial (0.25 < o < 0.39), the two firms are trapped in prisoner’s dilemma: Each firm
chooses to either maintain their current price ¢ or change prices. If they maintain their current price ¢, then
they stay in the standard Hotelling model and each earns profit 0.5. However, changing price is firm A’s
dominant strategy regardless of firm B’s action: If firm B maintains price ¢ and firm A switches to assigning
positive probability to receiving free products, then consumers will favor firm A because they appreciate
free products (because o is non-trivial). As a result, firm A should increase price p to take advantage of
the zero-price effect; if firm B changes her price, then firm A is also better off changing her price than
maintaining price ¢ due to the zero-price effect. Knowing that changing price is a dominant strategy to firm
A, firm B is better off changing her price as well. So, the equilibrium is such that both firms change prices:
firm A increases p and assigns positive probability of receiving free products to leverage on consumers’
increased valuation of free products, and firm B lowers her price to compete, though both firms would be
worse off by making such changes.

As consumers add more value to free products (0.39 < o < 2.25), firm A is empowered to set a higher
premium price, which results in higher revenue from those less lucky consumers. As a result, firm A’s profit
starts to increase in o.. From firm B’s perspective, an increase in o entails a further decrease in her price pg in
order to stay competitive in a market where consumers increasingly appreciate free products. Consequently
firm B’s profit continues decreasing.

Recall that when o > 0.94, the two firms starts engaging in a price war that gets fiercer as o increases.
When o > 2.25, the price war is so intense such that firm A’s premium price is no longer high enough to

compensate the loss of revenue effect. Hence, firm A’s profit starts to decrease again.
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4.4.3 Benchmark Against Fixed Price Promotion

In this section, I benchmark my main model results with those in a benchmark where both firms implement
fixed price promotion (i.e. the standard Hotelling model). I first identify the conditions under which imple-
menting probabilistic price promotion is more profitable than implementing a fixed price promotion. Next,
I examine the magnitude of potential gain from probabilistic price promotion.

In the Hotelling model with quadratic transportation cost, both firms charge price ¢ and each serves half
of the market. Let IT{ denote firm A’s optimal expected profit in the Hotelling benchmark, then IT{ =1/2.
Proposition 4.6 compares firm A’s optimal expected profits under probabilistic price promotion vis-a-vis
fixed price promotion.

Proposition 4.6. There exist unique thresholds [~3 and oy, such that probabilistic price promotion is more
profitable than fixed price promotion if and only if B > [~3 and oL > O, where B is implicitly given as the point
at which Ty (p*,v") =¥ for o =10, and

o = A2 +2B(4P% — 1498 + 181) — 2A:B(5+ B)

i 3AP2
and
1/3
A=ip (27\/96[35 +513B* + 6B® — 3512 + 53528 — 5616 — 16 — 1293B2 + 6171B —4430)
= 2 .

Proposition 4.6 states that probabilistic price promotion is more profitable than fixed price promotion
when (1) the fraction of trusting consumers are sufficiently high ( > B) and (2) free products are sufficiently
appealing to consumers (0. > ). If any of the two conditions is violated, then firm A either does not
offer probabilistic price promotion at all or is trapped in the prisoner’s dilemma in which offering partial
probabilistic price promotion is even worse than not offering it at all. The detailed explanations are already
introduced in the discussion of Figure 4.6 and therefore omitted here.

To provide a graphical reference and illustration of Proposition 4.6 I amend Figure 4.3 by including the
threshold o,; see Figure 4.7. As before the horizontal axis represents [ and the vertical axis corresponds to
o (with r = 1 as before). The red line represents o,. Note that o, < & when 3 > [~5 ~0.45.

We have identified conditions under which probabilistic price promotion is more profitable than fixed
price promotion. Next, I answer the question that compared with fixed price promotion, how much more
profits can probabilistic price promotion generate?

Proposition 4.7. The upper bound of firm A’s optimal expected profit from probabilistic price promotion is
112.5% of that from fixed price promotion: I1,(p*,y") < 1.12511.

The upper bound of profit is achieved when 3 > % and oo = o, (which is defined in Proposition 4.5).

Intuitively, firm A achieves the highest profit when the proportion of trusting consumers is large. However,

a stronger zero-price effect is not necessarily beneficial to firm A. On one hand, a larger o empowers firm A
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to charge a higher price that those less lucky consumers would eventually pay. On the other hand, the two
firms engage in the price war that becomes fiercer as o increases. Therefore, firm A’s profit is a constant

balance between the two opposite effects, where the maximal profit is obtained when o = o,.

4.5 Model Extensions

In this section, I examine the robustness of results with two extensions. The first extension considers the
consequences if there are no skeptical consumers, while the second extension analyzes the implications if

firm B offers a probabilistic price promotion similar to that of firm A.

4.5.1 Reassurance Through Government Certification

In the main model, I assumed that a fraction of 1 — [ consumers are skeptical about the announced prob-
abilities of lottery outcomes. To eliminate consumers’ doubts, firms may signal their commitment to the
announced probabilities by acquiring government approval or certification to validate the promotion cam-
paign. For example, Home Hardware launched a probabilistic price promotion and stated that the promotion
was governed by Canadian law (Home Hardware, 2020). In the presence of government certification or
oversight, skeptical consumers may no longer question the legitimacy of the promotion and are converted
to trusting consumers.

In this extension, I consider the scenario where firm A can convert all skeptical consumers to trusting
consumers (i.e., p = 1) by acquiring government certification that incurs a fixed cost c. The game sequence is
almost identical to that in the main model, except that firm A now decides whether to acquire the certification
in the beginning of the game (prior to both firms announcing their respective promotions). [use S = {Y, N}
to denote firm A’s certification strategy. When firm A acquires the certification, S =Y, the expected profit
functions are denoted by IT\(p,7y) and IT5(pp), and when firm A does not acquire the certification, S = N,

the expected profit functions are IT) (p,y) =14 (p,Y) and IT§ (ps) = [1z(pp), as in the main model.
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With government certification, firm A’s profit maximization problem is given by,

Y 2t
st. pel0,ps+t], (4.15)

max I(5,7) = (1 —1)p <PB—P(1 —Y)+t+ocy> .

ve[0,1].

Similarly, Firm B’s profit maximization problem is given by,

Bl =) +1— ps—o
R e
PB t

s.t. pp>0. (4.16)

Problems (4.15) and (4.16) are very similar to (4.13) and (4.14), except that 3 is now updated to 1 and firm
A incurs a fixed cost ¢ for acquiring the certification.
In the beginning of the game, firm A decides whether to acquire the certification and her overall profit

maximization problem can be expressed as,

IT; = max{IT (7", 7)., IL, (7", Y)}, (4.17)

where the optimal solutions p* and y* implicitly depend on the certification strategy and are given by the
solutions to (4.13) and (4.15).
Proposition 4.8 states that firm A will acquire the government certification if and only if it is sufficiently
cheap.
Proposition 4.8. Signalling commitment is profitable, S* =Y , if and only if ¢ < ¢, where
a(3t—0)
36t

16212([571)+t(x(171[37252)+0c2(2[32+35[3—64)+(901+320c72(x[3) a(1—B)(9r+40—ap)
3241B

fa<a,

ol
1l

fa<a<aq,

(3t+a)(1-B)(12t—20.—31B—4ap) if& << &/\ B > B

18¢(2+P)2

For ease of exposition, I numerically illustrates Proposition 4.8 in Figure 4.8 with 3 =0.8 and ¢ = 1. The
horizontal axis represents the boost in utility from zero-price effect (o), and the vertical axis is the fixed
cost required for government certification (c).

How much firm A is willing to pay for government certification depends on how much extra revenue she
can gain from converting skeptical consumers to trusting consumers. However, government certification
can hurt firm A when zero-price effect is sufficiently strong. On the positive side, government certification
converts skeptical consumers to trusting consumers who appreciate the probabilistic price promotion. As a
result, firm A is able to attract more consumers to her store. On the negative side, government certification
intensifies competition between the two firms such that prices would drop. In the absence of government

certification, skeptical consumers function as a buffer between the two firms because they tend to purchase
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Figure 4.8 Comparing Firm A’s Profits with and without Government Certification
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from firm B so that firm B faces less pressure to engage in the price war. In the presence of government
certification, all consumers become trusting consumers who appreciate firm A’s probabilistic price promo-
tion. Hence, firm B has to aggressively cut her price to compete for consumers, and the two firms engage in
the price war. The stronger the zero-price effect is, the fiercer the price war is. Therefore, I observe that the
maximal cost firm A is willing to pay for certification (¢) first increases and then decreases.

It is interesting to note that firm A may not want to acquire government certification, even if it is free.
When o > 1.85, I observe that ¢ < 0. In this region, zero-price effect is very strong such that consumers
strongly favor firm A’s probabilistic price promotion. In order to compete for these consumers, firm B has
to tremendously lower her price, and the price war becomes very intense. In this case, firm A would rather
not have the certification, even if it is free, so that the skeptical consumers can be used as a buffer against

the price war.

4.5.2 Symmetric Probabilistic Price Promotions

In the main model I assumed that only firm A implements probabilistic price promotion and firm B imple-
ments fixed price promotion. In this extension, I relax this assumption and consider the case where firm B
can also implement probabilistic price promotion if she wishes. The game sequence here is almost identical
to the one in the main model, except that instead of deciding pp, firm B now simultaneously decides her
probability of offering free products Yz and her alternate price pg.

When both firms decide to offer probabilistic price promotion, I assume that consumers can at most visit
each firm once. They cannot continuously switching between the two firms hoping for the free products. If
firm A’s in-store consumers did not receive free products and switch to firm B to draw the lottery again, I
would expect the same action from firm B’s in-store consumers as the two firms are symmetric. As a result,
one firm’s incoming consumers and exiting consumers cancel out such that consumers effectively do not
switch. Then, firm A’s profit maximization problem is,

p (U =PU_DHO =W ey gy D41

max II,(p,y) = (1 -

pY
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Similarly, firm B’s profit maximization problem is,

max
PB:YB

S.t.

Proposition 4.9 presents the equilibria in this extension.
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Proposition 4.9. The game has two symmetric equilibria as follows:

(i) when o < @, it is optimal to not offer probabilistic price promotion:

Y ="7=0,

P =D =t

(ii) when o. > @, it is optimal to offer probabilistic price promotion:

a(1+B) — /ol —PB)(4t + o — ap)

V== 208 ’
o oB-1)++/a(l—PB)(4r +o—op)
P =P = 2(1_[3) .

(4.18)

)

(4.19)

In Figure 4.9, I compare the equilibrium regions in the main model with those in this extension, with

t = 1. As before, the horizontal axis is the fraction of trusting consumers [, and the vertical axis represents

the boost in utility from zero-price effect o.

We observe that my results are robust: Firm A would offer probabilistic price promotion when zero-price

effect is sufficiently large (a0 > @), regardless of firm B’s promotion strategy. That is, offering probabilistic
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price promotion is a dominant strategy when consumers appreciate and feel excited about free products.
Because the two firms now appear symmetric, consumers would buy from the most efficient firm—those
consumers located in [0,0.5] would buy from firm A, and the other consumers would buy from firm B. This
purchasing pattern resembles that in the standard Hotelling model. In addition, regions (ii), (iii) and (iv) in

the left panel merge into one region (y* > 0 in the right panel) because of the symmetric equilibrium.

4.6 Concluding Remarks

This paper presents a model to study the optimal design of probabilistic price promotion in the presence of
behavioral biases, specifically the cognitive zero-price effect and the general consumer skepticism regarding
lottery-based promotions. There are two firms (A and B) selling a homogeneous product to consumers. Firm
B offers the conventional fixed price promotion where the discount/price is fixed. On the other hand, firm A
implements the novel probabilistic price promotion in which the discount is ex ante uncertain to consumers
and will be determined by drawing a lottery at firm A’s store. Upon revealing the final discount, firm A’s
in-store consumers are not obligated to proceed with purchasing and can switch to firm B if they wish. There
are two types of consumers, trusting ones, who believe the lottery will be drawn according to the claimed
probabilities, and skeptical ones, who assume the lottery is a mere gimmick used to fool consumers and and
the uncertain price will always turn out to be the highest one.

For the sake of clarity, I have illustrated the model in the context of brick-and-mortar stores. However,
this model can be applied to online retail settings as well, where the Hotelling line would represent con-
sumers’ heterogeneous preferences toward the two firms. Online stores operating probabilistic price pro-
motion typically require consumers to create an account or register personal information (e.g., names and
contact information) before drawing the lottery. After consumers have invested time and efforts in creating
accounts, they are more reluctant to switch to another firm, where they may have to go through the process

again.

4.6.1 Results and Managerial Insights

This paper finds that a simple lottery, wherein consumers either receive the product for free or are offered to
pay the original list price, is more profitable than a complex lottery that includes many different promotional
prices. In addition, firms should only offer probabilistic price promotion when the zero-price effect is larger
than a threshold. The larger the fraction of trusting consumers are, the smaller the threshold is. These
findings provide important managerial insights that firms with excellent reputation, which results in a large
fraction of trusting consumers, should implement probabilistic price promotion, and a simple promotion is
better than a complex one. By contrast, firms with mediocre or bad reputation are better off by implementing
the conventional fixed price promotion to eliminate consumer skepticism. This paper also finds that a larger
zero-price effect would incentivize firms to set a higher chance of winning free products. However, the
price, which consumers receive if they lose the lottery, can either increase or decrease in zero-price effect.

The non-monotone change in price is explained by a price war between the two competing firms.
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4.6.2 Future Research Direction

Probabilistic price promotion is quickly gaining popularity among retailers, and this paper aims to better
understand and provide insights into the optimal design of such promotion. I have made several assump-
tions to keep the mathematical model tractable, and relaxing these assumptions could result in interesting
directions for future research. First, I have assumed that the fraction of trusting consumers are exogenous.
Future research can consider the case where the fraction of trusting consumers are endogenous, and firms
can choose how much to invest in building a good reputation which determines the fraction of trusting con-
sumers. Second, it is possible that other behavioral biases, in addition to zero-price effect, also contribute to
the popularity of probabilistic price promotion. For example, consumers may be over-confident and think
they have a better chance winning the lottery than they really have. It might be fruitful for future research

to explore these additional behavioral aspects of designing probabilistic price promotions.

72



Chapter 5

5 Conclusion

In this dissertation, I delved into the intricate dynamics of market behavior, examining the strategic interplay
between consumers and firms across online and offline marketplaces. Each of the three essays presents a
unique perspective on how to better consumer rights and bolster company profits amid the prevailing market

complexities.

5.1 Summaries of Essays and Contributions

Chapter 2 examines the counterfeit issue in online marketplaces, shedding light on the complexity of fake
credence goods. By exploring a duopoly model of genuine sellers and counterfeiters, this essay finds that
in equilibrium, the authentic seller does not acquire fake reviews, while the counterfeiter may do so to
mislead customers. Moreover, the number of fake reviews is decreasing in the fraction of savvy consumers,
suggesting that online platforms can combat fake reviews by, for instance, clearly highlighting that badges
are product-dependent. I also find that having the option to acquire fake reviews may benefit both sellers
but always hurts consumers, emphasizing the need for regulation to protect consumers.

Chapter 3 studies the optimal pricing and wage decisions of food delivery platforms, in the presence of
“tip baiting” where consumers ex ante promise a large tip to expedite the delivery but intentionally reduce
the tip to zero after delivery is completed. I find that regardless of the fraction of selfish consumers who
may engage in tip baiting, both platforms prefer the adjustable tipping policy over the non-adjustable one.
This result has managerial implications that platforms with the non-adjustable policy can further enhance
their profits by switching to the adjustable policy. Further, I show that platforms only have incentives to
keep the fraction of selfish consumers sufficiently low, but not lower. However, the existence of selfish
consumers always hurts those honest fair consumers and workers. Hence, 1 advocate that third-party
regulators need to intervene to safeguard fair consumers’ and workers’ rights, as platforms may lack the
incentive to do so beyond a certain point.

Chapter 4 focuses on the optimal design of probabilistic promotions, an increasingly popular practice
that is under-explored in the literature. The study sheds light on the optimal promotion parameters regarding
the number of promotional prices, the chance of winning, and the list price. Interestingly, I find that in the
presence of zero price effect, a simple lottery, wherein consumers either receive the product for free or are
offered to pay the original list price, is more profitable than a complex lottery with many promotional prices.
Moreover, my results provide managerial implications that firms with excellent reputations should offer the
simple lottery to take advantage of the zero-price effect. Conversely, the less established firms might be
better off by sticking with the traditional fixed price promotions to eliminate any uncertainty in the final

price.
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Appendix Al. Other Combinations of Product Characteristics

In the paper, | have focused on the case where the focal product is credence goods and deceptive in nature.
To better understand the uniqueness of deceptive credence goods, | now explore other possible
combinations of product characteristics in Appendix Al. Specifically, | examine three scenarios where the
product is non-credence goods and deceptive, or credence goods and non-deceptive, or non-credence goods
and non-deceptive. For notational convenience, | use the subscript s;, j € {1, 2, 3}, to denote solutions in
the three cases. Proofs of Lemmas and Propositions in the main paper and in the Appendix Al are presented
in the Appendix A2.

Case 1 Non-credence Goods and Deceptive in Nature

By the definition of non-credence goods, consumers are able to assess product quality after consumption.
Thus, for the consumers who had purchased from the (authentic) incumbent seller before the first stage,
they would be able to confirm that the product is indeed authentic and leave positive product reviews
correspondingly (In reality, consumers may leave negative reviews even for authentic products due to many
reasons. For example, the package might be damaged during the shipping process, or consumers later
realized that the product, even of high quality, was a mismatch. However, these possible reasons are beyond
the scope of this paper, and | assume that consumers leave positive (or negative) reviews if the product is
authentic (or fake)). Consequently, the fraction of positive reviews is now 1, instead of 0 <m < 1 as in
the main model. The rest of the model setup is identical to that in the main model.

Due to the exclusive positive reviews, the product listing will receive the badge for sure. As a result,
novice consumers will only purchase from the default seller, as they do in the main model. For savvy
consumers, although observing the badge does not update their belief about a seller’s authenticity,
observing a perfect product rating does. In particular, savvy consumers can infer that at least one seller (i.e.,
the incumbent seller) is authentic, otherwise the product rating would have not been perfect. However,
savvy consumers cannot tell who the incumbent seller was, given that the product review section is now
shared by both sellers (as explained in the discussion of Figure 1). Therefore, after observing the perfect
product rating, savvy consumers’ posterior belief about the authenticity of seller i becomes

- ¢

:= Pr(seller i is real | at least one seller isreal) = ——————.
¢ = Prl )= P D

It is noteworthy that the posterior belief (¢) is different from that in the main model because of the perfect
rating. From savvy consumers’ perspective, it is possible that both sellers are counterfeiters in the main
model. By contrast, the possibility that both sellers are counterfeiters is eliminated due to the perfect product

rating in this case, which leads to a different posterior belief.
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Similar to problem (1), seller i’s profit maximization problem in the second stage can be expressed

as follows:

T T
max N7, () = p; <a5f B dv+ (1 —a) E_f dv). (2.5)
piz0 v:pqU—p;=20 v:qu—p;=0

Next, | present the optimal solution to problem (2.5) in Lemma 2.3.

Lemma 2.3. When the product is non-credence goods and deceptive in nature, the optimal pooling price is

psBl* =—2___ whichis higher than the optimal pooling price p2 in the main model.

T 2(1+a(1-¢))’

Observing a perfect rating indicates that at least one of the sellers is authentic, resulting in a greater
posterior belief ¢ than that in the main model. Therefore, savvy consumers are willing to pay a higher price
for the product, which leads to a higher pooling price than that in the main model.

Having analyzed the optimal pooling price, | now examine sellers’ fake review decisions in the
first stage. Similar to problem (3), seller i’s expected profit maximization problem in the first stage can be

expressed as:

_R+fi+f_i
TR+ fi+ [

Lemma 2.4 states that neither seller would acquire fake reviews in this case. The intuition here is

max E[M;51 (f)] 2, (v8") - B +v)fi

straightforward: Since the product will receive badge for sure, there is no scope for fake reviews.

Lemma 2.4. When the product is non-credence goods and deceptive in nature, f, ¢;~ = fC,sl* =0.

Case 2 Credence Goods and Non-deceptive in Nature

By the definition of non-deceptive counterfeits, consumers are able to ex ante distinguish authentic products
from fake ones. In this case, the authentic seller is essentially a monopoly, as no consumers would
knowingly buy fake supplements/vitamins. Conditional on the product receives badge, seller A’s profit
maximization problem in the second stage can be expressed as follows:
max M7 (pa) = 7Pa fv :qv_pAzodv- (2.6)

Similarly, conditional on the product does not receive badge, seller A’s profit maximization problem in the
second stage can be expressed as follows:

max T2 (ba) = s j o @7)
It is obvious that the optimal solutions to problem (2.6) and (2.7) are the same, as summarized in Lemma
2.5.

Lemma 2.5. When the product is credence goods and non-deceptive in nature, the optimal price is
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Ps2 = g, which is higher than the optimal pooling price p2in the main model.

When the product is non-deceptive in nature, consumers are certain about its quality, enabling seller
A to charge a high price that perfectly matches her high-quality product. Regarding seller A’s fake review
decision, her expected profit maximization problem in the first stage can be expressed as:

R*m+fA R*m'l'fA
R+ f, R+ f,

Lemma 2.6 presents seller A’s optimal quantity of fake reviews when the product is non-deceptive credence

max B[Ml;(fy)] = . () + (1 - )% (02" = (B + ¥

goods.

Lemma 2.6. There exists a unique threshold 7 such that the optimal units of fake reviews to acquire are

VAaRWa+B(A—m)(t—1) = 2R(ys + B)
fas2 = 2(vat+ P) ’
0, ift< 1,

if t> 1,

= (1-m)q+4R(ya+B)

where
(1-m)q

Interestingly, when the product is non-deceptive credence goods, the authentic may acquire fake
reviews, as opposed to in the main model where seller A would never acquire any fake reviews. The stark
contradiction stems from seller A’s free-riding behavior. In the main model when the product is deceptive,
consumers cannot distinguish the sellers so that the authentic seller and the counterfeiter would equally
split the market. Moreover, because the authentic seller bears additional reputation cost of acquiring fake
reviews, it is the counterfeiter who would acquire fake reviews, if any, in equilibrium. By contrast, when
the product is non-deceptive as in this case, the counterfeiter no longer has incentives to acquire fake
reviews because consumers know its product is fake. Consequently, the authentic seller has to rely on its
own for fake reviews.

The product badge now loses its appeal to signal product quality, which is already ex ante known
to consumers, and the only benefit of receiving the badge comes from the market expansion effect.
Therefore, seller A would only acquire fake reviews to increase the probability of receiving the badge, if it

can help attract significantly more consumers (i.e., T > 1).

Case 3 Non-credence Goods and Non-deceptive in Nature
As discussed in the previous Case 2, seller A is effectively a monopoly when the focal product is non-
deceptive. Hence, seller A’s optimal price is the same as stated in Lemma 2.5 (i.e., ps3* = psy” = g).

Furthermore, when the product is non-credence goods, the fraction of positive product reviews would be 1,
as explained in case 1. Therefore, the product would receive badge with certainty, and seller A does not

acquire any fake reviews (i.e., f3° = fas1 = 0).
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Appendix A2. Proofs of Results
Proof of Lemma 2.1:
Let p® denote the pooling price that sellers charge when the product receives badge. Knowing that seller C
would follow seller A’s price, | can express seller A’s profit maximization problem as follows:

T
max I8 (pf) = p? (a—
pB=0

T
f dv+(1—a)= dv>.
2 v:pqu—pB =0 2 v:qu—pB=20

21B(,,B _ _
OPMA(7) _ —t@l=9)td) 5 12 (pB) is strictly concave in p5. Solve

apB* ae
oNA(P?) _ r@ri(-a-¢+ad)tad) _
op” 2q¢ '
| have that pB* = 4% 5 0, which is an interior solution. Moreover, the binding solution (p? = 0)

T 2(a+(1-a)¢)
can never be optimal, as it generates zero profit for seller A, who can easily deviate by charging a positive

price, such as pB”~ = — 9% __ 15 obtain positive profit. Hence, | conclude that the unique pooling price

T 2(a+(1-a) @)’

- B* _ q¢
ISp™ = 2(a+(1-a)d)’ =

Proof of Lemma 2.2:
Let pVB denote the pooling price that sellers charge when the product does not receive badge. Knowing

that seller C would follow seller A’s price, | can express seller A’s profit maximization problem as follows:

1
max [1YE(pNB) = pNB —f dv.
p"F=0 2 vipqu—pNB=z0
2rNB(,,.NB
”;T(sz) =— # < 0 = YB(p"B) is strictly concave in pVB. Solve
P

omy®(NF) _ a¢-2p"F _
opNB 2q¢ ’

| have that pVB" = % > 0, which is an interior solution. Moreover, the binding solution (p™V& = 0) can

never be optimal, as it generates zero profit for seller A, who can easily deviate by charging a positive price,

_ae

suchas pNB" = ?, to obtain positive profit. Hence, | conclude that the unique pooling price is pV8” .

]

Proof of Proposition 2.1:

Note that seller C generates the same expected revenue as seller A does, because they charge the same
price. That is, IZ(p?") = 1% (p®") and M¥E (pV2") = B (p"B"). Regarding fake reviews decision,

seller A’s expected profit maximization problem can be expressed as:
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Rxm+fo+ ' Rxm+fy +
pas EILGO] = e o) + (1 -

Similarly, seller C’s expected profit maximization problem can be expressed as:

)R (0"7) = B +yfs  (BC.2.0)

R*m+fA+fc B * R*m+fA+fC *
max E[II = ng(p? )+ (1 - )HNB NB™) — Bfe.  (EC.2.2
e [Mc(fe)l R+ fy+fr C(P ) R+fy+f, c (p ) Bfc ( )
I apply the Karush-Kuhn-Tucker (KKT) conditions to solve EC.2.1 and EC.2.2. OEINAGA)] _

afa’
(1-m)qéR(z=(¢+(1-¢)a))
4(fa+fctR)3 (a(p-1)—9)

O’E[Mc(fo)] _ (1-m)qpR(z—(p+(1-¢)a)) ; ; ; ;
= = E[II is strictl ncave in f.. The KKT solution
T it [t R (@@ D) <0 [ (fc)] is strictly concave in fi. The solutions to

EC.2.1 are given by the standard equations:

dE[A ()] A<d(—fA)> Y
af; afa )=

< 0 = E[I14(fy)] is strictly concave in f,. And

1=0, (EC.2.3)
A(=fa) = 0.
Similarly, the KKT solutions to EC.2.2 are given by the standard equations:
dE[M¢(fe)] <d(—fc)>
_— l'l' = 0'

dfc dfc
©=0, (EC.2.4)
u(—fc) = 0.

Solving EC.2.3 and EC.2.4 leads to Proposition 2.1:
fA* =0,

V2qPRB(1—m)(a + (1 = a)$)(x — (¢ + (1 — p)a)) — 4RB(¢ + (1 — p)a) <
fe' = 4@+ (1 - )) S '

0, if B=B,
where E = Q¢(1—m)(T—(¢+(1—¢)¢Z))‘

8R(a+(1-a)9)

Proof of Proposition 2.2:

| first prove Proposition 2.2a. | can re-arrange the threshold of acquiring fake reviews in terms of a. That

is,f<peoa<a = ¢(q((f_(;gg‘i(;(;zz)$;w ). Moreover, | can easily obtain that

8RB + qp(1 —m)
qp(l—m)

p<ler<Tt=

Next, | consider two cases based on the value of a.
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Case a: When 7 > 7, a <1 < a4 always holds. Hence, seller C acquires positive units of fake reviews,

_ J2a9RB(A-m)(a+(1-a)) (t—($+(1-p)a)—4RB(P+(1— ¢)0!)
4B(a+(1-a)¢)

Therefore, ¢ = (1-m)qRT(1-¢)
da  —4(a+dp-ad)2qpRB(1-m)(a+(1-a)P)(z—(d+(1- ¢)a))

Case b: When t <7, | have that o; < 1. And
V2q9RB(L—m)(a+ (1 —a)P)(t — (¢ + (1 — P)a)) — 4RB($ + (1 — Pp)a)
fe" = 4B(a+(1—a)p) ’

0, if a>a,

— (1-m)qRt(1-¢)¢
—4(a+p—ag)y2qpRA(1-m)(a+(1-a)$) (T—(p+(1- ¢>)a))

and f.*

if a < a,

If « < ay, | have shown that a;

If « = ay, then seller C does not acquire fake reviews and —— afc = 0.

L (ag, ift<t
Deflnea_{L ifr>7"

then | have proven Proposition 2.2a.
Next, | prove Proposition 2.2b. Similar to proof of Proposition 2.2a, | first re-arrange the threshold of
acquiring fake reviews with respect to ¢. Solve
(qm(1 —a) + a — 1))¢? + (—qa + mqa — 8RB + 8Rap + qr — mqr)p — 8Ra[3
8R(a+ ¢ — ag)

p=B=
with respect to ¢, | obtain two solutions. Let
¢1 = [¢pBRB(ax —1) +q(r(1 —m) + a(m—1)) -

JBRB(1 — @) + q(a — ma — t + m1))2 — 32qaRB(1 —m — a + ma))]/[2¢(1 —m)(1 — a)]

denote the smaller solution, and
¢, = [¢(BRB(a—1) +q(z(1 —m) + a(m — 1)) +
JBRB(1 — a) + q(a — ma — T+ m1))? — 32qaRB(1 — m — a + ma))]/[2¢(1 — m)(1 — )]

denote the larger solution.

| observe that in the term (q(m(l —a)+a-— 1))¢>2, m(1 — a) + a is a convex combination between m

and 1. Therefore, the coefficient of ¢2 is negative, and | conclude that < B & ¢, < ¢ < .

Next, | consider two cases based on the value of ¢.

afc

Case 1: when ¢ < ¢, or ¢ = ¢,, then f* = 0 and = 0.

_ V2q9RB(A-m)(a+(1-a)p) (1= (P +(1-$)a))—4RB(p+(1— ¢>)a)
4B(at+(1-a)d)

Case 2: when ¢y < ¢ < ¢, f* =
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ofc” _ -(1-m)qR[(1-a)?p*+(2a—-2a?)p+a’—at]

¢ 4(a+p-ap)y2qpRE(1-m)(a+(1-a)P)(T—(¢+(1-P)a))
\/_ a
1-

Solve

= 0 with respect to ¢, | obtain two

\/_a'

solutions. Let ¢p5 = denote the smaller solution, and ¢, = denote the larger solution. It is
obvious that ¢»; < 0, and | conclude thatﬁ >0 ¢ <y
Then, | define ¢ = ¢, and ¢ = ¢,. Regarding Proposition 2.2b, | have proven the direction that

p<p<¢p= aaf—; > 0, as shown above. Next, | prove the other direction that% >0=>¢ <$p<o.

(qb <¢pVve= ¢>) fc < 0. And | have shown this above, as (1) when ¢ < ¢ = ¢4, | have fF=0

and &c afc =0, and (2) when ¢ > ¢ = ¢,, | have ‘Zf—g < 0. Since | have proven both directions, I conclude

proof of Proposition 2.2b. o

Proof of Proposition 2.3:

i since pB* = 49 v _ _-ag(1-9)
Proof of Proposition 2.3a: since p® = YCTEETSL | have —— = T Ca—d1ap)?

Proof of Proposition 2.3b: since pVB" = % | have apaN;* = % > 0.0

Proof of Proposition 2.4:

| first prove Proposition 2.4a. Consider two cases depending on the value of .

Case 1:when 8 = B, f1* = f-~ = 0. Hence, seller A and seller C have the same expected profits, and
E[I;(f;)] = pIZ (p?7) + (1 — p)INE(pNE"), i € {4, C}. Because M1?(p®") and TNE(p"2™) do not

OE[M4(faN] _ OE[Mc(fcM)] _ 0
ap e T
JZQ¢RB(1 m)(a+(1-a)p)(T—(p+(1—-p)a))—4RB(d+(1— ¢)a)
4B(a+(1-a)d)

contain 8 when sellers do not acquire fake reviews, | conclude that

Case2:when B < B, f," = 0and f.*

EIMA ()] = CZEng (p7) + (1 - S2L) e (pe°), and | have

OE[MA(f4)] _  (A-m)?q*R*Bo?(—a-gp+ap)(-a+i—p+ag)®
- 3
o 4V2x/qpRB(1-m)(a+(1-a)P)(t—(d+(1-¢)a))
* Rxm+fc" * R¥m+f "
E[Mc(fe)] = (e n2 (08 ") + (1 - e ms (pVB*) = B £ = BIMA(f )] - 6 £ and

FE[Mc(fcN] _ OE[MA(f4")]
ap - ap

< 0. Regarding seller C’s expected profit, | have

OE[M4(fa")] OE[Mc(fcM)]

o8 <0.

— f¢". Because < 0and f* > 0, | conclude that
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Since | have shown that% <0and % < 0 in both cases, | conclude that E[IT,(f,")] and

E[M(f:")] weakly decrease in f5.

Next, | prove Proposition 2.4b. Again, | consider the above two cases based on the value of S.

Case 1: when B = B8, f1* = f,~ = 0. Hence, seller A and seller C have the same expected profits, and the

A(E[M4(fa)-EMc(fcD _ 0
ap e

gap between their profits is zero. Therefore,

_ V2qPRB(A-m)(a+(1-a)$) (1-(p+(1-p)a)—4RB(p+(1-¢)a)
4p(a+(1-a)¢) '

The gap between sellers’ expected profits is E[I14(f, )] — E[[-(fz )] = Bf¢". Hence, | have
O(EMA(fa)] — Elc (DD _ 9B fe)

Case 2:when 8 < B, fu* = 0and f.*

ap - 0B
PR (—1+m)qRp(—a + T — ¢ + a¢) -0
4B\J2qpRB(1 —m)(a + (1 — a)p) (T — (¢ + (1 — p)a))
op< qgp(1—m)(r — (¢ + (1 — P)a))

32R(a + (1 — o))
o B < B/4.

A(E[M4(fa)]-E[Mc(fc D
ap

So far, | have proven the direction that 8 < 8/4 = > 0. Next, | prove the other

A(E[MA(fa)]-EMc(fc DD
B

direction that >0 = B < B/4. | use proof by contrapositive here so that proving

O(E[M4(faN]-E[Mc(fcHD)
B

A(E[M4(fa)]-E[Mc(fc DD
oB

> 0= B < B/4is equivalent to proving g = B/4 = < 0.

I-EMc(fcD)

This is also true, because (1) if% <p< [_g then O(E[M4(fa - <

0, where the equality occurs at

B =pB/4, and (2) if B =, then a(E[HA(fA*);/;E[HC(fC*)D = 0. Since | have shown both directions, I

conclude that the gap between E[I1,,(f,*)] and E[I1-(f; )] increases if and only if 8 < B/4. 0

Proof of Proposition 2.5:
When acquiring fake review is not an option, which | denote by the superscript A, sellers’ expected profits
are equivalent to those by fixing f, and f. to 0 in the main model. Then, consider two cases depending on

the value of .
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Case 1:when B = B, f1* = f-~ = 0. Then, the main model coincides with that in the case where acquiring

fake review is not an option. Hence, E[I1;(f;")] = E[II4], i € {4,C}.

. Tt _ + _ \2q9RB(1-m)(a+(1-a)P)(z—(¢+(1-9)a))—4RA($+(1-})a)
Case 2:whenB < B,f, =0and f;” = T (—0d) > 0.

Since f" = argmax E[I1-(f.)], it must be that E[T1(f;")] > E[lI-(f. = 0)] = E[IT2].

fe20
Regarding seller A’s expected profits, | have that
E[M,(fa")] = E[Mc(fc D] + Bfe
> E[Mlc(f; = 0)] = E[M(fa = 0)] = E[T4].
The inequality follows because E[Tl;(fz")] > E[.(f. = 0)] and Bf.* > 0.

Hence, | have proven the direction that 8 < 8 = E[I1;(f;")] > E[IT4]. By proof of contrapositive, proving
the other direction that E[I1;(f;")] > E[II}] = B < B is equivalent to proving

B = B = E[I;(f;")] < E[I1A], which | have shown in case 1 that E[I1;(f;")] = E[I1}] when when g > B.
Since | have shown both directions, | conclude that Both sellers are better off, E[IT;(f;")] > E[IT*], when

acquiring fake reviews is an option if and only if < 8. o

Proof of Proposition 2.6:

Consumer surplus in the main model can be expressed as

R +fA + fC v:pqu—pB =0 2 v:qu—pB 20 2

Rxm+fi" + fc v .
+<1— {A {C )f (q——pNB )dv.
R +fA + fC v:q,’)qv—pNB*ZO 2

While consumer surplus in the benchmark where sellers do not have an option to acquire fake reviews is

- dv]

* v *
csA =m[af (q——pB)dv+(1—a)
v:pqu—pB =0 2

(qz_v — NB*) dv.

v:qu—-pB 20

+(1—m)f

:pqu—pNB 20
Define the harm of fake review (Hy) as the gap between consumer surplus in the benchmark and that in the
main model. That is,
Hy = CS" - CS*
:<m_R*m+{A*+{C*>[af (g—pB*)dv+(1—a)j
R+fy +fc vipqu-pB z0 * 2

v:qu—pB 20

(F =)

89



Rxm+f, +f" v .
+< {A {C —m)f (q——pNB)dv
R +fA +fC v:pqu—pNB 20 2
Rxm+fy +f" v .
:<m— {A {C>af ——p )dv+(1—a).f (q——pB)dv
R+fi +fc :pqu—pB =20 v:qu—pB 20 2

qu .
) fv:w_pwzo (5 —»"")av]

:(m_R*m+m*+kv<¢1—wm—¢x—«1—w¢L<M¢—a»

R+f, +fc 16(—a — ¢ + ag)? (EC.2.5)

q(1-a)(1-¢)(-4(1-a)p?-3ap—a)

The second term in EC.2.5 is negative (i.e., Tarar Yy

< 0). Then, consider two cases

depending on the value of .

- * - - - - - 2_ -
Case 1:when B > B, f," = f;" = 0. Inthis case, Hy = 0 (Q(1 lC 1?35;(;2:;2 Sap a)) = 0.
R*m+f(;*

Case 2: when B < B, fu* = 0and f-* > 0. In this case, m — AT
c

< 0. Hence, Hf > 0.

Because | have shown that H; > 0 in both cases, | have proven Proposition 2.6a that CS™* < csh,

Next, | prove Proposition 2.6b. I first re-arrange the threshold of acquiring fake reviews in terms of q.
That is,

8RB (a + (1 - a)9)
¢(1-m)(z - (¢ + 1 ~-¢)a))

Then, | consider two cases based on the value of g.

p<Beq>7

— L x i a
Case l:whenq <74q, f4 = fc = 0. Inthis case, Hr = 0 and aL; = 0.

\/2q¢Rﬂ(1 m)(a+(1-a)P)(T—(¢+(1-P)a))—4RB(P+(1-¢p)a)

4B (a+(1-a)p) > 0.

Case 2:whenqg >7q, f, = 0and f.*

In this case,

2RB(ax+(1—-a)¢) _
p(1-m)(t—(p+(1-P)a))

_ Rem+fc"\ (q1-a)(1-¢)(—4(1-a)p?-3ap—-a)
Hy = (m =25 (

aHf
R+f¢ 16(-a-p+ag)? ) »and So->0eq>

q/4.

Therefore, in case 2, the condition g > q/4 is always satisfied, and | have aaiqf > 0 always holds.
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o _ 2 o ]
Then, | have proven the direction thatg > q = aL; > 0. Next, | prove the other direction thataiqf >

— .y . aHf —. . .
0 = g > q. | use proof by contrapositive here so that proving 73 > 0 = g > q is equivalent to proving

aHf

q=q =—,

- . _d
< 0. This is also true, as | have shown in case 1 that when g < q, aL; =0.o

Proof of Proposition 2.7:

Social welfare (SW™) is defined to be the sum of seller A’s expected profit, seller C’s expected profit, and
consumer surplus. Let SW4” denote social welfare in the benchmark where acquiring fake reviews is not

an option. Define A, = SW4" — SW*. Then, | can express Ay, as

_ _R*m+fA*+fC* B * B * R*m+fA*+fC*_ NB *
B = (m = B L g ) 4 )]+ (S e o)

+INE (pNE)] + (B + va)fa + Bfc + H.

Then, consider two cases depending on the value of S.

Case 1: when 8 = B, fa* = fo = 0. In this case, the benchmark is the same as the main model. Hence,
Agy, = 0.

Case 2: when 8 < E’ £ =0andf.* = V2q¢RB(1-m)(a+(1-a)$)(t—(¢+(1-p)a))—4RB($+(1-¢)a)

B (-D)P) > 0. Plug

fc"into Ag,,, | have that

Agy 20 = [\/quﬁRﬁ(l —m)(a+ 1 -)P)(t— (@ + 1 - P)a)) —4RB(p + (1 — Pa) | »

[4VZ2(a(1 - §) + )T+ mqRBG(—1 + ) — ) + al-1+ §) — §)b + (1 - m)q(a — a?
+2a(1+a—200¢ - (-1 + )4 +a —41)$?)| = 0.

Moreover, | know that the first square bracket is positive because the numerator in

£ = J2qpRBA—m)(a+(1-a)$)(T—($p+(1-P)a)) ~4RB(p+(1-$)a)
¢ 4B(a+(1-a)p)

Mgy 20 & 4V2(a(1— @) + $)y(—1+ m)qRB(a(-1+ ¢) —P) T+ a(-1+ ¢) — p)p +
A-mgla—a?+2a(l+a—-21)¢p —(-1+a)(4 +a—41)$p?) = 0. (EC.2.6)

is positive. Hence, I have that

Next, solve (1 —m)q(a — a? + 2a(1 + a — 21)¢p — (—1 + a) (4 + a — 41)p?) = 0 with respect to , |
have (1 -m)qla —a?+2a(l+a—-20)¢p —(-1+a)(d+a—-41)p?) >0 &

(1-¢)2a?+(3¢*~2¢-1)a-4¢>
—4p(a+(1-a)9) '

In addition, ¥ > 1 always holds. Then, | further consider two subcases, depending on the value of 7.

<7
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Case 2a: when 1 < 1 < 7, Ag,, > 0 is true for all B, as EC.2.6 can be re-arranged as X,/Y 8 + Z > 0,
where X >0, Y >0, Z > 0.

Case 2b: whent > %, lhave (1 —m)q(a —a? + 2a(1 + a — 21)¢p — (-1 + a)(4 + a — 41)¢?) < 0,

2
_ q(l—m)[(1—¢)2 2—((4r—3)¢2+(2—4r)¢+1)a+4¢2(1—1)]
andAgy, 20 & = = 32RP(a+(1-a)9)3 (- (p+(1-d)a)) .

B z _ (29°-3¢°+1)a’~(49>-7¢*+2¢+1)a+2¢>-4¢> .
Moreover, | have that §; <f & T<T= Yo . And it is easy to

verify that £ > 7 holds. If T > %, then B, = B. In this case, the condition 8 < f3; is always true because |

are in case 2 where 8 < B by definition. Consequently, A, < 0 follows. Next, define

B, ift=>7
B =1 B, ift<t<?-
0, ifl<t<t

I then conclude our proof:

1. whent > 7, g = E In this case, Proposition 2.7 is reduced to Proposition 2.7a and 2.7¢, which

have been proven above.
2. whent <1< 7, E = f;. In this case, Proposition 2.7 contains Proposition 2.7a, 2.7b, and 2.7c,
which have been proven above.

3. when1 <t < 7 (tr =1 by definition), B =0.1In this case, Proposition 2.7 contains Proposition

2.7a and 2.7b, which have been proven above. O

Proof of Lemma 2.3:
Let p5, denote the pooling price when the product is non-credence goods and deceptive in nature. Knowing
that seller C would follow seller A’s price, | can express seller A’s profit maximization problem as follows:

T T
max 461 (&) = pdy (“EJ. _ dv+(1-a 2 dv).
20 v:$qu—pE, 20 viqu—pg 20

Ds1

azl—IB B _ _ . . .
as1(P) _ —t+a=¢) _ g _, N5 51 (%) is strictly concave in pZ,. Solve

ap§12
MG (p5) _ a=2pfi(+a-¢)) _
B - - 1
0psy 2q
| have that p2,~ = ——~L__ > 0, which is an interior solution. Moreover, the binding solution (rsy =0)

T 2(1+a(1-¢))
can never be optimal, as it generates zero profit for seller A, who can easily deviate by charging a positive
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q

price, suchas p2, " = 2(1+a(1-¢))’

to obtain positive profit. Hence, | conclude that the unique pooling price

. B* _ q . B* _ q q¢ — ,,B*
ISPs1 = 2(1+a(1-¢))’ In addition, ps; = 2(1+a(1-¢)) > 2@ta-p P 7

Proof of Lemma 2.4:
Seller i’s fake review decision is to choose f; that maximize her expected profits, as expressed below

_R+fi+f_l'

It is obvious that the optimal unit of fake review is 0, as

E[Ml; ¢1 (f; = 0)] = HEs1(P§1*) = nEsl(psl?l*) — (B +vdfi = E[ll; s, (f)], for f; 2 0.0

r}:g())( ]E[Hi,sl (fl)] HEsl (Pﬁ*) - (,8 + ]/l)fl

Proof of Lemma 2.5:
Conditional on the product receives badge, seller A’s profit maximization problem in the second period can

be expressed as follows:
B T
max I (pa) = paz dv. (EC.2.7)
Paz0 v:qU—p420

Similarly, conditional on the product does not receive badge, seller A’s profit maximization problem in the

second period can be expressed as follows:
1

max I1)%(p,) = pA—f dv. (EC.2.8)
P40 2 v:qU—p4=0
It is obvious that the optimal solutions to problem (EC.2.7) and (EC.2.8) are the same, as 7 is a constant.
Next, let p,, denote the optimal solution to problem (EC.2.7) and (EC.2.8).

aznﬁ,sz(mz) _ 2T B H H H
—opaz =g <0 =1 (ps2) is strictly concave in ps,. Solve
52

ang.sz(psz) — (q—2ps2)T =0
0ps2 q
I have that pg,* = % > 0, which is an interior solution. Moreover, the binding solution (ps, = 0) can never

be optimal, as it generates zero profit for seller A, who can easily deviate by charging a positive price, such
as psy" = g, to obtain positive profit. Hence, | conclude that the unique pooling price is pg,* = g. In

q¢ __ _B*

addition, ps,* = g > 2@rd-0d) p° .0

Proof of Lemma 2.6:
Seller A’s expected profit maximization problem can be expressed as:

R+xm+f, Rxm+f,

R+ fy R+J, )Hi{?z (Ps2”) — (B +va)fa- (EC.2.9)

max Ellls(f)] = 1 (2" + (1 -
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Let f4 s> denote the optimal solution to EC.2.9. Because the product is non-deceptive in nature, consumers
are able to ex ante distinguish authentic products from fake ones. Hence, seller A will only acquire fake
reviews, which increase the probability of receiving badge, if the badge can attract additional consumers
(i.e., T > 1). When the product badge does not exhibit the market expansion effect (i.e., 7 = 1), it is obvious

that the optimal solution to EC.2.9is f, 5, = 0.

I now base our following analysis on the condition that T > 1. In particular, | apply the Karush-Kuhn-

. 0%E[Mys2(fas2)] _ qRA-m)(A-1) ;
Tucker (KKT) conditions to solve EC.2.9. T = R ) <0= IE[HA,SZ(fA,SZ)] IS

strictly concave in f, 5,. The KKT solutions to EC.2.9 are given by the standard equations:

CEanG0] (1))

de,sZ de,sZ
A=0, (EC.2.10)
A(_fA,sz )=0.
Solving EC.2.10 leads to Lemma 2.6:
[(VaRGa+RA-mE-D - 2R+ h)
fasz = 2(ya+ B) ’ ’
0, ift< 1,

where £ = (1-m)q+4R(ya+B)
(1-m)q
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Appendix. B Microeconomic Foundations and Proofs of Lemmas and Propositions

Microeconomic Foundations of the Demand Function
I consider a Hotelling model where two platforms are located at the opposite end points of a line of length 1
(Without loss of generality, say platform i is at 0 and platform j is at 1). Consumers have a unit demand. In
addition, some consumers are single-homing, meaning that they either use their desired platform for food
delivery service or not use the service at all. By contrast, other consumers multi-home between the two
platforms, and will choose the platform that offers them a higher utility. Let v denote consumers’ valuation
of using platforms for food delivery due to the convenience. In addition, the unit cost of misfit between
consumers’ preferences and platforms is denoted by #..

Each of the two platforms has /; number of single-homing consumers who only use their desired platform
for delivery service. Hence, for a fair consumer at location x and who is single-homing on platform i, her

respective utilities of using platform i and j are

{ UiFS =V —1f.Xx— (pl + Tl* — ]15’,:,4(1 — GE;)XTI* + (1 — BE,_*)CWWH>
U =0,

where T;* is the tip that consumers will commit to offer prior to delivery and (1 — GE;)CWWH represents the

expected waiting cost for placing orders on platform i. To simplify notation, let k; = p; + T;" — Ls_4(1 —

0 )AT" + (1 — Og: )c,Wy. Then equating U/® = U["*, T solve for platform i’s demand from fair, single-

homing consumers is d/* = * — tiki. Because demand also needs to be non-negative, I use the positive part
c c

+

function so that demand becomes d/’ 5 = {f — ik,} .
For selfish consumers, let z; = p; + T;" — L5 _4T;" + (1 — GE; )c,,Wy denote the cost they incur when using
platform i’s service. Then a selfish consumer who single-homes on platform i has the following utilities of

using platforms
US=v—tx—z
U =0

Equating U® = U3, I solve for platform i’s demand from selfish, single-homing consumers is d/* = [} -
+
Z%_Z,‘] .

Next, let’s discuss the case for multi-homing consumers. I assume the size of multi-homing consumers

l,,. Then a fair, multi-homing consumer at location x has the following utilities of buying from platform i

and j, respectively
UM=y—tx—k
UM=v—t(l1—x)—kj.
Then equating U™ = U™, T solve for platform i’s demand from fair, multi-homing consumers is &/ =

—ki+kj+t +
2t :
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Similarly, a selfish, multi-homing consumer at location x has the following utilities of buying from plat-

form i and j, respectively
UM=vy—tx—z
UM=v—1(l —x) -z
Then equating U™ = U™, I solve for platform i’s demand from selfish, multi-homing consumers is d/" =

|:*Z,'+Zj+[

n
= } . Combining these segments together, platform i’s aggregate demand from all consumers can

then be represented as

d;

+
(L (@df + (1 = @)d®) + b (df™ + (1 - o)™ |

{lmtc +2Lv (L, +2L) (ok + (1 —)z)  L,(ak;+ (1 —a)z;) ] +
—~ -
21, 21, 21,

If I normalize “2-2 to 1, then 2 becomes less than 1, and I denote Y= 2. T also let M = /<24 Hence,
C C C + C

the total demand becomes d; = [M — (ok; + (1 — a)z;) +y(ok; + (1 — Oc)zj)} . Then, plugging back k; =
Di + T;* — ]lS,-:A(l — eEl*))\,T;* + (1 — eE’_*)CwWH and Zi = Ppi + T;* — ]ls[.:AT;-* + (1 — GE;)CWWH into di, I have

- +

d; =M — (ak; + (1 —o)z;) +y(ok; + (1 — a)z;)

=M — (op; + T, — Ls=a(1 — 02 )AL + (1 = 02 ) Wi) + (1 — ) (pi + T;" — Ls=a Ty + (1 — 057 ) e, War))

+
-f—'Y((X(pj + Tj* _ ]]-Sj:A(l - eEj)A‘TJ* + (1 - eET)CWWH) + (1 - (X)(pj + Tj* _ ][Sj:ATj* + (1 - GE;«)CWWH))

—[m- (p,- + T = T (0(1 — O AT + (1 — ) T) + (1 — eEl_*)cWWH)
+
—I—’Y(pj +T7 — g a(0(1 = B )AT) + (1 - 0)T}) + (1 - GE;)CWWHM :

which is the demand function I presented in equation (3.3).

Microeconomic Foundations of the Supply Function
The microeconomic foundations of the supply function can be similarly derived following the same proce-
dure above. I assume that some workers are single-homing, meaning that they either work for their desired
platform or not work at all. By contrast, other workers are multi-homing and registered on both platforms
and work for the platform that offers them a better pay (base wage plus expected tips from consumers).
Each of the two platforms has m, size of single-homing workers. Let the unit cost of misfit between
workers’ preferences and platforms is denoted by #,. When workers deliver, they receive a base wage plus
expected tips from consumers. Moreover, they also incur a cost for their delivery service (e.g., fuel expenses
for their vehicles), which I denote as g. If they decide to exert high delivery effort (i.e., the indicator function
1 Er —Ey ) they incur an additional effort cost c,.
Hence, for platform i’s single-homing worker with location x, her respective utilities of delivering for
platform i and j are

U =wi+ T = Lsa(0(1 = 0)AT + (1 =) T;*) — Lgr—gyce — X — 8
U =0
j :
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Equating U}S = U}"*, T solve for platform i’s supply from single-homing workers is

l

WS [Wi + T = Lsa(o(1 = 0 AT + (1 — o)) — Lgr—p, e — g} *
by
Next, let’s discuss the case for multi-homing workers. I assume the size of multi-homing consumers 1,,.
Then a multi-homing consumer at location x has the following utilities of working for platform i and j,
respectively:

U™ =w; + T — Ls._a(a(1 —GE[_*)kT,* (1—a)T*) — lg—g,Ce—tX — 8
UJWM:WJ'FTI*—ﬂ_sj:A(a(l—eEj)}\,T* (I—OL)T*) ]]-E* =EyCe — (I—X)—g

J

Then equating U*" = U}"™, T solve for platform i’s supply from multi-homing workers is

= [ty wi + T = Lsoa(0(1 — 0 AT + (1 = )T;") — Lp; g, C.

- (w J T — Lol — 0 AT + (1 - )T} — IlE;f:EHce)} 21,

Combining these two segments together, platform i’s aggregate supply from all workers can then be

represented as
§; = mss}” + mmstM
My, — 28 N (m +2my) (Wi + T — Lg—a(0(1 = 0 )AT + (1 — ) T;*) — Lgr—gyc.)
2t,, 21,
mm(wj + T/* — ]]-Sj:A((x(l — 95?)7\,77 + (1 — (X)TJ*) — ]]-E_?:EHCE)
B 2t,

If I normalize ’"'"tz"“ to 1, then 5 is obviously less than 1, and I denote 3 = 5. To focus on the impact of

m,,,tw 2gm;

tipping policy on supply of workers I normalize the constant term ( ) in the supply function to 0,

which is equivalent to normalizing the base supply to zero. Hence, the supply function becomes

s,:[w,-+Ti*—]lSi:A( (1= 8 AT + (1 — ) T") — Lp_pyc,

+
—B(wj +T7 = Ly oa(0(1 = B AT} + (1 - 0)T}) - 11E;:EHce)} ,

which is the supply function I presented in equation (3.4).
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Proof of Lemma 3.1.

When platform i selects the non-adjustable tipping policy (S; = N), consumers cannot reduce tip after deliv-
ery. Knowing that consumers cannot ex post reduce their tip, workers would not exert high delivery effort,
as their final earning (wage plus tip) remains the same regardless of delivery effort. Knowing that workers
would not exert high effort regardless of tip, all consumers would give zero tip.

I then discuss the case when platform i selects the adjustable tipping policy (S; = A). I first show that
the game does not have a separating equilibrium. Suppose for contradiction that there exists a separating
equilibrium where selfish and fair consumers commit different tips on platform i (i.e., 7;(S) # T;*(F)).
Then by the definition of separating equilibrium, workers are able to identify consumers’ type based on the
tipping amount. Because workers know selfish consumers will always renege on the tip, they will exert only
low effort for selfish consumers’ orders, as high effort is costly and workers eventually do not receive any tip
regardless of effort. Hence, selfish consumers’ utility would be Us(7;*(S)) =v —t.x — p; — (1 — 0, )c,,Wp.

However, selfish consumers can unilaterally deviate by committing the same tip as fair consumer does
(T*(F)). In this case, workers are unable to distinguish between consumers and exert either high or low
effort. Hence, consumers’ utility of committing 7;*(F') would be Us(T;*(F)) =v—t.x— p;— (1 —0g,)c,,Wy >
Us(T*(S)), where E; € {Ey, E; }. That is, when the tip 7,*(F) is large enough to motivate high effort (E; =
Ey), Us(TF(F)) =v —tx — p;i — (1 — 05, )c,, Wy > Us(T*(S)). When the tip 7;*(F') is not large enough and
only motivates low effort (E; = Ep), Us(T,*(F)) =v —tx — p; — (1 — 0, )c,, Wy = Us(T;*(S)). Hence, I reach
a contradiction and conclude there does not exist a separating equilibrium, because selfish consumers have
incentives to deviate to pay 7;*(F).

Next, I derive the pooling equilibrium solutions. Let 7; denote the tip that both fair and selfish consumers

commit before delivery. Hence, platform i’s workers choose to exert a high delivery effort if and only if

oc(Ti—(l—GEH)kT,-> e > a(T,-—(l —GEL)XT,) : (EC.3.1)
~—~
- - Cost of High Effort ] -
Expected Tip When Exert High Effort Expected Tip When Exert low Effort
which simplifies to 7; > T = m. Therefore, if consumers want to induce high effort, they would
H L

commit 7}; otherwise, they pay zero tip to induce low effort. Consumers compare the utility of inducing
high effort with that of low effort, and decide to pay 7; = 0 to induce low effort if and only if

Ce Ce
1-0g )Wy < (1—-0g,)c,Wyg+ ——— —_
U Oty < (L7 00t a6y, —0r,) 0.6, — Os,)
Expected Waiting Cost Expected Waiting Cost

with Low Effort with High Effort Expected Tip Spent to Induce High Effort

— (1 —0g,)A( ), (EC.3.2)

ce(1-M1— .. . .
U0 —Ory ))2. Hence, combining both situations when S; =N and S; = A, |

which simplifies to ¢,, <¢,, = W 05 —0p, 2
H L

conclude that the optimal tip is

. [T ifsi=Aandc,>7,,
0 otherwise.
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To eliminate any out-of-equilibrium, I apply the D1-Criterion to refine the set of perfect Bayesian equi-
libria. Denote Q(X, X, T)) = Uy —1{a € MBR(u, T/)|U; (X) < Ui(T/,a,X)} to be the set of mixed best
responses (MBR) of the workers for which the X-type of consumer is strictly better off deviating toward
giving tip 7! than giving their equilibrium tip 7;*. Note that ,u(?AC|Tl.’ ) = 1 represents that the worker believes
that tip 7 only comes from types in the subset Xex.

Next, I specify workers’ off-equilibrium beliefs as follows: When they observe a uniform tip not equal
to 7", they believe that it is from selfish consumers. When workers observe two different tips, where one
is equal to 7", they believe the order with T* is from fair consumers and the other order is from selfish
consumers. When workers observe any other two different tips, they believe the orders are from selfish
consumers. Next, [ show neither type of consumer has incentive to deviate from the pooling equilibrium tip.
Consider two cases:

Case 1: when S;=A and ¢, >©¢,, I" = YA}, with which workers exert high effort. Suppose fair consumers
deviate to T/ # T*, then workers believe the order is from selfish consumers and thus exert low delivery
effort. Consequently, their utility would be Up(T}) =v —tx — (p; + T, — (1 — 05, )AT! + (1 — 0g, )c,Wy) <
max Up(T}) = Up(T7) = v — tx — (pi+ T — (1 — 0, )AT; + (1 — g, )c,Wyy). Therefore, Q(F,%,T}) C
Q(S,X,T/), where Q(F,X,T/) is an empty set, and hence X(7;) = {S}. Repeating this process for any off-
the-equilibrium tip, workers’ beliefs are restricted to X(7;) = {S}. Next, I show that selfish consumers do
not deviate as well. Suppose selfish consumers deviate to 7/ # T;*, then their utility would be Us(7;) =
v—tx—pi— (1 —=06g)c,Wy <Us(T") =v —tx — p; — (1 — 6g, )c,,Wy. Hence, selfish consumers do not
have incentive to deviate as well.

Case 2: when (5; = A and ¢, < ¢,) or (S; = N), I, = 0, with which workers exert low
effort. Suppose fair consumers deviate to 7 # T, then their utility would be Up(T/) = v —
tx — (pi+ T — (1 =05 AT/ + (1 — O, )c,Wy) < Up(T*) = v — t.x — p;i — (1 — 0, )c,,Wy. Therefore,
QFX,T)) c Q(S,X,T)), where Q(F,X,T/) is an empty set, and hence X(T/) = {S}. Repeating this pro-
cess for any off-the-equilibrium tip, workers’ beliefs are restricted to X(7;) = {S}. Next, I show that selfish
consumers do not deviate as well. Suppose selfish consumers deviate to 7 # T.*, then their utility would
be Us(T)) =v —tx — p; — (1 — 0, )c,, Wy = Us(T;*). Hence, selfish consumers cannot profitably deviate as
well.

Because I have shown in both cases that fair and selfish consumers do not deviate, I conclude that the
pooling equilibrium of tip is unique and survives D1-Criterion. Moreover, E = Ej, if and only if 7 = T,

follows directly from EC.3.1 and other analyses discussed above. |
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Proof of Proposition 3.1.
When both platforms select the adjustable tipping policy, platform i’s demand can be obtained by plugging

S; =S, = A into the demand function:

d— [M— <p,~ b —(a(l =0 AT+ (1 — )T ) + (1 — GE;)CWWH>
~— -
Tip before Delivery Expected Reduction in Tip Expected Waiting Cost

after Delivery

—|—’Y<pj + T — (o1 — GE}«)lTj* +(1—o)T7) + (1 — eE]’-‘)CWWH)} +-
Similarly, platform i’s supply is
1= Wik T = (@1 = B T+ (1= )T}") = Lyp o
_[3<Wj +T7— (a1 — GEJ*_)XT_f +(1—-)7;) — ]151*.:5,10@)} +-

Next, I show that in equilibrium, platform i’s demand and supply must be perfectly matched (d; = s;).
Suppose for contradiction that d; # s; with equilibrium price p; and wage w;, then I have two cases.

Case 1: d; > s;. In this case, platform i’s profit is w4 = (p; — wi)min{d,,s;} = (p; — w})s;. However, by
deviating toward a slightly higher price p; > p}, platform i’s new profit becomes larger than w4. Hence,
platform i has incentives to deviate and case 1 is not an equilibrium.

Case 2: d; < s;. In this case, platform i’s profit is T = (p; — w})min{d;,s;} = (p; — w;})d;. However, by
deviating toward a slightly lower wage w; < w}, platform i’s new profit becomes larger than w**. Hence,
platform i has incentives to deviate and case 2 is not an equilibrium.

Therefore, I reach a contradiction and conclude in equilibrium, platform i’s demand and supply must be
perfectly matched (d; = s;). Platform j’s case is the same and can be obtained by changing the subscript
from i to j.

In the third stage, wage is already set in stage two and from Lemma 3.1 I have

c . _
7 ) @, o) if ¢, >¢cy,

1 .
0 otherwise,

cell 210y )))2. Given the optimal tip, E; = Ej, if and only if T;" = ;5. Therefore, supply

AWy (eEH 7eEL (XK(GEH *eEL

s;, which is affected by T.", E/,w;, is realized at this point. Since in equilibrium demand and supply are

where ¢,, =

perfectly matched for each platform, the optimal price p; and p; in the third stage are obtained from solving
d; = s; and d; = s;, respectively, and I have that
(a) when ¢,, > ¢,,, consumers pay the positive tip and I have

B M40 o LB (47) (- 1408y) el 2H By 40py B+ A (-2 05 405, )

pj _ 14y 1 (BEH 7eEL)7\, 7
-
wi(B=)+M(1+9)+w;(— 1+BY) —cw Wi (— 1472 ) (= 1+0g;,) + Ce(—2+B+y+H¥(—14+6E, )A+B(—14+6E, )h—(—2+8F, +6£, )A)
. 1+y (0, —6E, )A .
p‘] 1 _ ’Y ’
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(b) when ¢,, <¢,,, consumers do not pay any tip and I have

e Wi WBY = ML) 4wy (B +Y) Wi (Z149) (1465

-1 ’
o WY MO D) (B ) e Wi (1) (<1465
J 72_1 :

In addition, because supply is defined using the positive part function, e.g.,

si=| i+ T — (a1 = 0e)ATY + (1 — 0)T;") — L co — B(w,- +T; — (a1 = 8)AT + (1 — )T - ﬂE;:Eﬁceﬂ

The Inside Part, s/
the inside part s/ can be negative, which still causes s; = 0. This implies that in the cases where transactions
do not occur (i.e., s; = 0), there can be infinitely many optimal wages, as long as they satisfy s/ < 0, which
result in T = 0. For the sake of equilibrium analysis, I choose the wage that makes s/ exactly equal to zero
as the optimal solution in the case of T = 0 (Choosing a different wage that satisfies s/ < 0 will not affect
any result, because they all lead to ' = 0).
Because demand and supply are perfectly matched in equilibrium, then I can formulate platform i’s profit

maximization problem in the second stage as

max T = (pf —w;)s; (EC.3.3)

s.t. st >0.

Similarly, platform j’s profit maximization problem can be formulated as

max A = (pi —w;)s; (EC.3.4)
J
S.t. sj. > 0.

I apply the Karush-Kuhn-Tucker (KKT) conditions to solve EC.3.3 and EC.3.4. In both (a) when ¢,, > ¢,, and

_ P4 2(Brr-2) P 2(priy-2)
(b) when ¢, < €, Thave T = 75505 awZ =N

0= TE?A is strictly concave in w;. The KKT solutions to EC.3.3 are given by the standard equations:

<0 = mM is strictly concave in w;. And

o o—s!
av;- —H aw-l )=0,
00, (EC.3.5)
u(—s;) =0.

Similarly, the KKT solutions to EC.3.4 are given by the standard equations:

o4 0—s’
i iy —
aWj h( aWj 0,
h>0, (EC.3.6)
h(—s}) =0

Solving EC.3.5 and EC.3.6 leads to Proposition 3.1:
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(i) whenc, <¢,and M > M,
e (+YM + e Wy (1 —7)(8g, — 1))

T TR+ (B 1)y —3p+4
o ((B=2)P+(B—1)BY—2B+3) (M+c,Wu(l —7)(0, — 1))

Pi=Fi= T (27 + (B 13 +4) !
(ii) whene, <c, and M <M,

(iii) whenc,, >¢,, and M > M ,

wi = w, = [A(Bg, — 8,) (1 +9)(M + e, Wy (1 =105, — 1) — . ((2F —y—4) A1)
+BOr=3) 1+ +A0s, — 1) +A(3+7=7) b, + B¥(1 + A6, — 1))
0 (1=7) 0, ) | /1165, —65,) ((B—2)¥ + (1= B)*r+4—3)],

P =P} =lee(2 =B 1)~ M(Og, — 05, ) (M +w; (B~ 1) — ., Wa (B, —1)(v—1))
M85, (1=7) + 65, (1= B) + B+ 2)]/[A(8s, — 65,) (v 1)};

(iv) whenc, >¢,, and M < A7I,
c.(M1—6g)—1)

wW. =WwW. = s

o A(6, —O,)

c(M(1-05) 1) M
k(eEH - eEL) 1 - 77

where M = (¢, Wy (1 — O, ) + c.)(1 —7), M = ¢, Wy(1 — 05, )(1 —v), and ¢, is defined in Lemma 3.1.

p;* = pj = CWWH(GEH - 1) +

Moreover, with these optimal solutions, transaction volume min{d;, s;} and profit T are positive in regions

(1) and (iii), but are equal to zero in regions (ii) and (iv). |

Proof of Proposition 3.2.
When both platforms select the non-adjustable tipping policy, platform i’s demand can be obtained by
plugging S; = S; = N into the demand function:

+
Similarly, platform i’s supply is
+
S = [Wi + T;* - :[]‘E,-*:EHCE — B(Wj + T]* — :H-E;-F:EHCE)} .

From Lemma 3.1 I know that when §; =S; =N, T;* =0 and E = E,, regardless of c,,. In addition, note that
this case is the same as in (b) when c¢,, < ¢, in Proof of Proposition 3.1, where consumers do not pay tip.

Therefore, the rest of proof is already covered in Proof of Proposition 3.1 and the optimal solutions are
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(i) when M > M,

gy = (DM 4 e, Wi (1-) (B, — 1)
o B2 (B34 4
e (B=2)P + (B 1By =2 +3) (M +c,Wa(l =7)(0s, — 1)),

Pi=pi= (=) ((B—2)7+(B—1)y—3p+4) ’

(ii) when M <M,

* *
w; :wj:O7

l

* * M
p[. :pJ = iy — CWWH(I - eEL)

With these optimal solutions, transaction volume min{d;, s;} and platforms’ profits are positive in region (i)

but equal to zero in region (ii). |

Proof of Proposition 3.3.
In the asymmetric case where one platform offers the adjustable tipping policy, while the other adopts the
non-adjustable policy; without loss of generality, let platform i be the former and platform j be the latter

(i.e., S;=A and S; = N). Hence, platform i’s demand is
dy =M= (pi+ T = (o1 = 8 AT+ (1= )T+ (1= 85 ), Wy ) +¥(p, + T + (1 - GE;)CWWH>]+.
and platform i’s supply is

= [t T = (1= O ATy + (1= ) T7) — Lo e — By 77 1E;:Eﬁcg)r.

On the other hand, platform j’s demand is
d; :[M— (p,-+T,.* +(1— GE_?)CWWH> +Y<p,-+Ti* — (01 = B ATy + (1 — ) T") + (1 —eE;)cWWH)r.
and platform j’s supply is
5; :[wj + T} — Lespyco— B(wi—i—Ti* — (01— 0 AT, + (1 — 0)T}") — HE;:EHQ)T.

T, if ¢, >0,

] _and Ef = Ey if and only if T;* = ]A",»; T =0 and
0 if ¢,<g,, J

From Lemma 3.1 I know that T;* = {
E; =E.

In addition, by the same rationale presented in Proof of Proposition 3.1, demand and supply must be
perfectly matched for each platform in equilibrium. Hence, the optimal price p; and p; in the third stage are

obtained from solving d; = s; and d; = s;, respectively, and I have that

103



(a) when ¢,, >,

Pt = [cg(2+7u(95H 85, —2) —Y(B+Y+ (0, — 1)BA+ (85, — 1)YA))— (x(eEH —05,)
() (B—=4) +M(1+7)+wi(By—1) = Wi (B, — (7 ~ 1)) ) | /(M8 — 0, (7 = D),
p; =le.(B—0)(1+ (85, — 1)A) + A0, — 0z, ) (wi(p —)
ML +3) +wy(BY = 1) = eWia (8, — V(P = D)]/ MO, —82,) (1~ F)],
and (b) when ¢, <¢,,:

e = Wi wiBY =M 4+Y) 4wy (B +Y) + e Wa (Z1+7) (146

-1
= Wi —wBY =M +7) +wi(=B+7) + Wy (=1 +7) (—1+65,)
.] 2 .
v—1

Similar to Proof of Proposition 3.1, I let s/ denote the inside part of s;. Because demand and supply
are perfectly matched in equilibrium, then I can formulate platform i’s profit maximization problem in the

second stage as

max 7" = (pf —w,)s; (EC.3.7)

wi

st. s>0.

1

Similarly, platform j’s profit maximization problem can be formulated as

max N = (pi—w))s; (EC.3.8)
J
s.t. sj. > 0.

I apply the Karush-Kuhn-Tucker (KKT) conditions to solve EC.3.7 and EC.3.8. In both (a) when ¢,, > ¢,, and
RmAN 2By -2) PmN 2By -2)
w2 T (1-1)(1+7) ow;2 T (1-y)(1+v)
0= n_*}N is strictly concave in w;. The KKT solutions to EC.3.7 are given by the standard equations:

(b) when ¢,, <¢,, I have <0 = 7wV is strictly concave in w;. And

otV o—s!
u=>0, (EC.3.9)
u(—s;)=0

Similarly, the KKT solutions to EC.3.8 are given by the standard equations:

oy oes
aWj B ( aWj )7 ’
h >0, (EC.3.10)
h(—s_’l-) =0

Solving EC.3.9 and EC.3.10 leads to Proposition 3:

104



(i) whenc, <¢,and M > M,

Wt gyt = (LM 4 e, Wiy (1-) (8, — 1))
o B2 (B34
e (B=2)P + (B 1By =2 +3) (M +c,Wu(1 =7)(0s, — 1)),

Pi=pi= (T-)((B-20¢+(B—1)>y—3p+4) ’

(ii) whene, <c, and M <M,

* * M
pi=pr;= 71 —y — CWWH(I — eEL);

with the above optimal solutions, both platforms’ transaction volume and profits are positive in region (i)
but equal to zero in region (ii).

(iii) when c,, > ¢, the optimal prices are different and

Pi =2+ MO, +8r, —2) —¥(B+ 7+ (O, — B+ (8, — 1Y)~ (M8, — 6r,)

(w5 (B =)+ M(1+7) +w] (Br— 1) — Wiy (8, — 1)(¥ — 1)) ) | /8, — 8) (0 — 1),
P} =le(B=1)(1+ (Be, — DA) + M0, — 6z,) (i (B—7)

+M(143) +w; (BY— 1) = &, Wi (8, — (¥ — 1))/ (85, —0z,) (1= 7)];

and the optimal wages w; and w} are given by

ce(M1-6g,)-1) . >
W lf Af < M, B
Wi =19 Wi if M<M<M,
Wi it M>M
0 it M<M,
. B+ (M+ce(y—1)+ewWh (1-7)(0g, —1)) .. 5 7
w;= (B2-2)72+B(B2—1)v-+4-3p2 if M<M<M,
Wi if M > M,

and the unique thresholds M » Wim, Wi, wj; are defined below

M=(-1+Y) ( — (BN (1 +BY) + s Wa (=4 47— ¥(0g, +2¥(—1+65,))
+ BB +Y(—140g, +Y(—1+6g)) —36g,) + B v(—1+6g) +46,, +B(1+Y
+ 7 (—146g,) — 65, —m)))/[(—l +B) (—4 -3+ (1+B)v+ 2+B)Y)],

Win = [ — (T4 (=M+ . Wy (=1 +¥) (=14 8g,))(0g, — 6, )A) +co(—4 — (—4+ 0, + 305, )R
+BY(1+ (=1465)0) =B (=3+7) (1+ (=1465)0) + B Y(—1+A - 054)
FPQ+ (240, + 05, )0) | /(4= 382+ B (1 +B) v+ (~2+ B) ¥) (B, — 0, )M,
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it = (149) (B, — 8, ) (M(—4 = 3B+ (1+ By (2+ BIY) — Wi (—147) (4 — 46, +B(3+2y(~1
+6g,) + 7 (—1+6g,) =305, ) + B Y(—1+0g,) +¥(—1+2¥(—1+04g,) +65,)))A — c.(—16
—4(=4+486g, + 305, A+ BV (14 (=146,)A) +2B°¥(=3+7) (1 + (=1 + 05, )A) + B*(9 - 8¥' +7")
(14 (=146g)A) =2y (24 (=2 + 6, + 6, )A) + V(17 + (—17 + 66, + 116, 1)
£ 2BY(S + (—5+ B, + 485 )k~ T3+ (3 + 6, +205)A))| /| (4= 3B+ (— 1+ BPy+ (~2+ B)7)
(—4 =3B+ (1+B)*y+ (2+ B)Y) (B, — 6r, )2,

Wi =(147) [M(=4 = 3B+ (1+BPy+ 2+ B)Y) + (Y= Dlce(y+B(=3+7(B+7)))
+eu Wi (=4 +7+ B (Y= 10k,) +BG3(—1+0%,) +Y(2+7— 0, — 265,)) — ¥(0s, +2v(—1+6%,))
+40;,))] /[ (4= 3B+ (=1 + B+ (=24 B)Y) (~4 =3B+ (1 + BPv+ 2+ B)Y)].

With these optimal solutions in region (iii), when M < M, both platforms’ transaction volumes and profits
are zero; when M <M< M , platform i’s transaction volume and profit are positive, whereas those of

platform j are zero; when M > M, both platforms’ transaction volumes and profits are positive. |

Proof of Proposition 3.4.

From Propositions 1 and 2, I know that when the tipping policy is symmetric, both platforms set the same
price and wage, and enjoy the same profit. Then, let T denote platforms’ profit when both platforms
adopt the adjustable policy, TV denote platforms’ profit when both platforms adopt the non-adjustable
policy. In the asymmetric case, one platform offers the adjustable tipping policy, while the other adopts the
non-adjustable policy; without loss of generality, let platform i be the former and platform j be the latter
(i.e., S;=A and S; = N). Then, let /" denote platform i’s profit and 7}" denote platform j’s profit in the
asymmetric case. Next, I consider two cases:

Case 1: when ¢,, <¢c,,. In this case, consumers are insensitive to long waiting time and do not pay any tip.
As a result, whether the tipping policy is adjustable or not does not affect platforms’ consequent decisions
on wage and price (when ¢, < ¢, the solutions in Proposition 3.1, 2, 3 are the same). Hence, 1 = 'V =
N =, . )

Case 2: when ¢,, > ¢,,. In this case, I have the following ranking of thresholds: M > M > M. Thus, I
consider 4 subcases, depending on the value of M.

Case 2a: when M > M. In this case 7 is determined with optimal price and wage in Proposition 3.1
region (iii), ©}" is determined with optimal price and wage in Proposition 3.2 region (i), m" and 7}" are
determined with optimal price and wage in Proposition 3.3 region (iii) when M > M. Plugging in these

optimal prices and wages, I have

o CLEBPA N2 HYB+ )M+ co(=1+7) + oW (=1 +7+ 8y —105,))?
‘ (1)@ =3B+ (-1 BPy+ (=2+B)p)? ’

(EC.3.11)
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o _ CLEBP (=2 +Y(B+9) (M + Wiy (=1 + 7+ 85, —185,))° (EC.3.12)

" (~T+7)E 3B+ (—L+ PPy +(—2+P)P) !

T = (1) (=2+ 9B+ 1) (M(—1+B)(—4 =3B+ (1+ By 2+ BI¥Y) +co(—1+1)(4 — 3°
+B(=1+B)y+ (=24 B)7) — cuWu (=1 +7) (=4 + 7+ B¥(— 1 +6%,) + 465, + B(1 +7— 10,

FP(=1+0p,) = Op,) — Y2V(—1 +8,) + B, )+ B(3 — 30, +¥(—1+Y(~1+8z,) +65,))))’]

/[(—1+y)(4—3B+(—1+B)zy+(—2+[3)yz)2(—4—3B+(1+B)zv+(2+[3)yz)2}, (EC.3.13)

T = (140 (=2+ 9B+ D) (M(—1 +B)(—4 =3B+ (1+ BPy+ 2 +B)¥) — (~1+7)
(=ce(B+Y (=14 BY) + cuWu (=4 +7= (0, +2¥(=1+04,)) +B*(3+¥(—146g, +V(—1+6p,))
~30,) + BY(—1+05,) + 405, +B(1+1+ (1 +0s,) 0, —10,))°] /(-1 +7) (BC3.14)
(4= 3B+ (—1+BPy+ (-2+B)P)*(—4 =3B+ (1+B)y+ 2+ BIP)?).

Comparing profits, I have that (1) ©* > m"V always holds; (2) 7 > and n}¥ < 7/ always hold.

Case 2b: when M < M < M. In this case 7 is determined with optimal price and wage in Proposition

'V and

3.1 region (iii), " is determined with optimal price and wage in Proposition 3.2 region (i), i

are determined with optimal price and wage in Proposition 3.3 region (iii) when M<M< M. Plugging

in these Optlmal prices and wages, I have ' is that in EC.3.11, m}V is that in EC.3.12, ©}" = 0, and
AN (= 14B2) (149) (27 (B) (M ce(— 149) +en Wiy (— 1+v+eEH—veEH

(=1+7)(4-3B2+B(— 1482 )v+(— 2+ﬁ2) 2)2
always holds; (2) ©/¥ > n* and 0 = }" < n* always hold.

. Comparing profits, I have that (1) 4 > 'V

Case 2c: when M < M < M. In this case nM is determined with optimal price and wage in Proposi-

. . oy NN . . . . . .. . i AN
tion 3.1 region (iii), m;"" is determined with optimal price and wage in Proposition 3.2 region (ii), T;

and are determined with optimal price and wage in Proposition 3.3 region (iii) when M<M<M.

v
J
Plugging in these optimal prices and wages, I have w* is that in EC.3.11, iV = 0, ©}" = 0, and 7}V =
(—1-682) 7 (19) (27 (B1)) (M (— 14+3) + Wiy (— L0 —105,,))?
(—1+y)(4—3[52+B(—1+[32)v+§—2+l32)72)
always holds; (2) 0 = " < w* always hold; (3) m" > n* always hold, where the equality takes place

when M = M.

. Comparing profits, I have that (1) ©'* > 'V =

Case 2d: when M < M. In this case 7 is determined with optimal price and wage in Proposition 3.1
region (iv), TV is determined with optimal price and wage in Proposition 3.2 region (ii), ¥ and n
determined with optimal price and wage in Proposition 3.3 region (iii) when M < M. Plugglng in these
optimal prices and wages, I have 14 = /¥ = ¥ =iV = 0.

Combining case 1 and the above four subcases of case 2, I have established that the following results:
() T4 >aM, (2) TtV > 74, and (3) nj?N < M. Therefore, if platform i chooses S; = A, platform j should
choose §; = A as well, because 7}* =4 > 72", On the other hand, if platform i chooses S; = N, platform
J should still choose S; = A, because ©)* = nV > )" (note that " represents the profit of the platform

with adjustable policy in the asymmetric case; so when S; = N and S; = A, platform j’s profit is equal to
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nY). Because I have shown that regardless of platform i’s tipping policy, platform j is weakly better off
by choosing S; = A, I conclude that the adjustable policy is platform j’s weakly dominant strategy. By the
same logic, I can also show that the adjustable policy is platform i’s weakly dominant strategy. In the main
paper, I compare tipping policies in a weak sense such that the adjustable policy is each platform’s dominant

strategy, instead of saying weakly dominant strategy. |

Proof of Proposition 3.5.
I first rewrite consumer’s condition of paying tip (EC.3.1) in terms of o ¢, > ¢, <= O > Q0 =
%. Then, I re-organize Proposition 3.1 by replacing the condition ¢, > ¢,, with the equivalent
one ¢ > . For discussions below, I refer to Proposition 3.1 as the new one where the condition c,, > ¢, is
replaced with o > ®. That is, Proposition 3.1 equilibrium region (i) occurs when o0 < & and M > M region
(ii) occurs when o0 < @ and M < M; region (iii) occurs when o > & and M > M ; region (iv) occurs when

c(1-M(1— .
cel1-A] eEH);. Then, I discuss two

o> o and M < M. In addition, it holds that 0 < A < 1 <= ¢, > ¢, = o tu))
My (0g, —6F, )

cases based on the value of ¢,,.
Case 1: ¢,, > ¢,,. In this case, M > M. Also note that both M-thresholds do not contain o.. I further discuss
three subcases based on the value of M.

Case 1a: when M < M. In this case,

4 O if a>a,
0 if o<,

oT

AA
where the first zero is obtained in region (iv) and the second profit is in region (ii). Hence, .- =0 for all

ol.

Case 1b: when M > M > M. n this case,

(1B (1) (=2HY(B+1) (M+ce(—1+1)+ewWa (— 149408, —¥0E,)* -
44 _ [ e L R
0 if a<a,
where the positive profit is obtained in region (iii) and the zero profit is in region (ii). Hence, when either

i _
do.

a>aoro<a,lhave 0. And 7 is not differentiable at the discontinuity point o. = &. In addition,

T is obviously the highest if o > @.

Case 1c: when M > M. In this case,

(= 14B) (147) (= 2+Y(B+7)) (M-+ce (= 1Y)+ War (= 1 +¥4+0, —10E, )
A — (—14+7) (4=3B+(—14+B)2y+(—2+B)¥?)?
‘ (—143) (143) (=2+¥(B+Y)) (M+cw Wy (— 1+Y+0E, VO, )
(—147) (4=3B+(~1+B) 21+ (-2+B)¥?)?

if a>aq,

if a<a,

where the first profit is obtained in region (iii) and the second profit is in region (i). Hence, when either

omi4
Jo

o> o or o< a, I have = 0. And 7 is not differentiable at the discontinuity point o = &. In addition,
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I have established that the first profit (1t when o > @) is strictly larger than the second profit (1 when
o < @) in case 2a and 2b from the Proof of Proposition 3.4.

Case 2: ¢, < ¢,,. In this case, & > 1 so that the condition o > @ never holds and the model only has two
equilibrium regions where consumers do not pay tip (region (i) and (ii)). For all o, the model is in either

TEAA:O

region (i) or (ii), but not both. Hence, the profit function is no longer a piece-wise function and thus aa&

for all o.
Combining case 1 and 2, I have proven Proposition 3.5 (1) when ¢, > ¢,, and M > M, 7 is the highest
onf onfA
i = () for all a. |

if o > @, and -~ -

=0 for all o # @; and (2) when either ¢,, < ¢,, or M < M ,

Proof of Proposition 3.6.
In the benchmark where o = 1, platforms’ optimal solutions are almost identical to that in Proposition 3.1,
ce(1-M1-8g,)) ~ _ cel1-M1-0g,))
W (B, O, )7 is replaced by ¢, > ¢, = Wi 0z, 0, )

(¢,, equals to ¢, when o = 1). Hence, ¢, > ¢,,. In addition, the expressions of p*, w*, M, and M do not

except the condition in the main model ¢, > ¢, =

contain o and are unaffected. For notational convenience, I use the subscript &, k € {1,2,3,4}, to denote
the equilibrium region number in Proposition 3.1. For example, p} denote that the optimal price is in region
(i) in Proposition 3.1. Moreover, it is easy to show that M > M when Cy > Gy

I then discuss several cases, using platform i as example. Note that the case for platform j is the same.

Case 1: when ¢,, < ¢, and M < M. In this case, the optimal solutions in both the benchmark and the main
model are in region (ii), where no transactions occur. Hence, Ur = U2 = 0 and Hy =0, and Uy, = U@, =0
and Hy =0.

Case 2: when ¢,, < ¢,, and M > M. In this case, the optimal solutions in both the benchmark and the main
model are in region (i). Hence, Ur = Uf = v —f.x— <p* +(1— GEL)CWWH> , and therefore Hr = Up —Ur = 0.
Similarly, a worker’s utility in the main model and in the benchmark are Uy = Uj; = w* — 1,,x — g. Hence,
Hy =Uj — Uy =0.

Case 3: when ¢,, < ¢,, < ¢, and M < M. In this case, the optimal solutions in the benchmark are in region
(iv) where no transactions occur, and the optimal solutions in the main model are in region (ii) where no
transactions occur. Hence, Hr = Hy, = 0.

Case 4: when ¢,, < ¢, <, and M < M < M. In this case, the optimal solutions in the benchmark are
in region (iii), and the optimal solutions in the main model are in region (ii) where no transactions occur.
Hence, Hr =Up —0=v —t.x— (p’; + i\A —(1- OEH)kiZ +(1— GEH)CWWH>. Because consumers choose to
order food on platforms, it must be that Us > 0, otherwise consumers would have not participated. Hence,
Hyp =Up > 0. Regarding workers, Hy = Uy —0=w} + i} —(1- GEH))},Z — ¢, — t,x — g > 0 (transaction

occurs means that workers must have non-negative utilities, otherwise they would have not participated).
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Case 5: when ¢,, < ¢,, < ¢,, and M > M. In this case, the optimal solutions in the benchmark are in region
(iii), and the optimal solutions in the main model are in region (i). Therefore, I have

—

Hr =v—t.x— <p’3‘ + %,-\A — (1= 0g, AT+ (1 — OEH)CWWH) — (v —tx— (p}‘ +(1— GEL)CWWH))

Ulé Ur
(1=B)(1 +7)(—c. +c,WyOg, — c,,WyO,)
4—=3p+v—2Py+ Py —2v + By

where T2 = x(e%iep) is obtained by setting & = 1 in 7, in the main model. In addition, Hy > 0 always holds
~H “L

in this case where c,, > ¢,.. Similarly, I have

Hy =wi + T2 — (1 -85, AT —c, —w;
_ (_1 +Yz> (ce +CWWH(_GEH + eEL))
433+ (—1+B)2y+ (-2+B)¥

In addition, Hy > 0 always holds in this case where ¢,, > ¢,,.

Case 6: when ¢, > ¢, and M < M. In this case, the optimal solutions in both the benchmark and the main
model are in region (iv), where no transactions occur. Hence, Hr = Hy = 0.

Case 7: when c¢,, >¢,, and M > M. Tn this case, the optimal solutions in both the benchmark and the main

model are in region (iii). Therefore, I have

Hy = v == (i + T3 = (1= 0, AT+ (1= 83, )eu W ) = (v —tox—(ps + T = (1= 0, AT, + (1 - B, )Wy ) )

-~

A U
Up F

—

=(T,— T)(1 - (1 - 8g,)A) >0,

1

where the “>" sign follows because 7> %,-\A. Similarly, I have

~

Hy =wi+ T2 — (1 — 05, ATP — ¢ — tyx — g — (Wi + T, — (0(1 — 0, AT, + (1 — ) T) — ¢, — t,x — g)
= (T3 — o= T)(1 = (1 - 85,)1)

=0.

Because I have exhausted all cases, I conclude that Hr > 0 and Hy > 0 always hold. [ |

Proof of Proposition 3.7.
This proof can be similarly derived as in Proof of Proposition 3.5. I first rewrite consumer’s condition
of paying tip (EC.3.1) in terms of a: ¢, > C,, <= A > A= Ce<1795H>+c»:€VH<GEHfOE,)2’ Then, I re-organize

Proposition 3.1 by replacing the condition c,, > G, with the equivalent one A > A. For discussions below,

I refer to Proposition 3.1 as the new one where the condition c,, > ¢, is replaced with A > A. That is,

Proposition 3.1 equilibrium region (i) occurs when A < A and M > M; region (ii) occurs when A < A and
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M < M; region (iii) occurs when A > A and M > M ; region (iv) occurs when A > Aand M < M. As 1
aim to prove this proposition while transactions occur, I focus below on region (i) and region (iii) where
transactions volume is positive (recall that no transactions happen in regions (ii) and (iv)).

For notational convenience, I use the subscript k, k € {1,2, 3,4}, to denote the equilibrium region number
in Proposition 3.1. For example, p} denote that the optimal price is in region (i) in Proposition 3.1. Hence,
when tips are paid (A > A), the equilibrium solution is in region (iii) with optimal price p; and wage wj.
In the scenario where transactions happen without tips, the equilibrium region is in region (i) with optimal

price p; and wage wj. Hence, I have

ps>py == A>A, =c(3B -7+ 2By Py +27 —BY —4)/ [CWWH(—39EH2 +2B65,” + By6r,”

— B0k, + 2765, ” — BY'0x,” + 605, 0r, —4PO5, 0, — 210, 01, + 2P0k, 0, — 470,00k, + 2BV 05,00,
—365,” +2B0x, " + B1Or, " — B0, 2705, — BYOx,”) + co(—4+ 3B — v+ 2By — B+ 27 — By’ + 36,
—2B6g, — B0, + B*¥0r, — 2Y'0r, + BY'6r, + 0, — BOs, + 705, — BYGEL)} and

wy>wy == A>A, =c.(3p—v+2By— By +2v — Y —4)/[ce(—4+ 3B —v+2By— By +2v —BY
+0g, — YZGEH +36g, — 3I39EL + Y0, — 2BYGEL + BZYOEL — YZGEL + BYZGEL) + CWWH(*GEH2 + YZQEH2
426,05 —2Y05,0 — 05, +70:,°).1

Proof of Proposition 3.8.

I first prove Proposition 3.8 (i) that when ¢,, < ¢, p* < 0 if and only if M < M, w* > 0 always holds.
Depending on the value of M, the equilibrium solutions are in either region (i) or (ii) of Proposition 3.1.
Case la: when M > M. In this case, the equilibrium solutions are in region (i), where
. (L+Y)(M 4, Wy (1 —7) (6, — 1))
B-2)¢+B-1)>y-38+4 '
= (B=2)Y+(B—1)By—2Bp+3) (M +c,Wuy(1—-7)(8s, — 1))
(1= (B-2)v+(PB-1)*y—3p+4)

In this case where M > M, p* > 0 and w* > 0 always hold.

Case 1b: when M < M. In this case, the equilibrium solutions are in region (ii), where

M
p* — ITY—CWWH(I _GEL)

In this case where M < M, p* < 0 and w* = 0 always hold.

Hence, I have shown that when ¢,, <¢,,, w* > 0 always holds. Regarding the price part, the direction that

M <M = p* <0 is already shown in case 1b. According to proof by contrapositive, proving the other
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direction that p* <0 = M < M is equivalent to proving M > M = p* > 0, which is true as I have
shown in case 1a. Hence, Proposition 3.8 (i) is true.

Next, I prove Proposition 3.8 (ii) that when ¢,, > ¢, p* <0 if and only if M <M,, w* < 0 if and only
if M < M,,. Depending on the value of M, the equilibrium solutions are in either region (iii) or (iv) of

Proposition 3.1.

Case 2a: when M > M. In this case, the equilibrium solutions are in region (iii), where

W' = MOr, 8, (1 +9)(M + e, W (1 =¥)(B, — 1) — e (27 —7—4) (= 1)
+BOY=3) 1+ + M0, — 1) + A (3+7=7) 0, +B*¥(1 + M6, — 1)
+2(1=7) 0, ) | /1185, — 65, (B —2)¥ + (1~ B)*r+4—3B)],

P =[e.(2 =B =)~ MBe, — 65,)(M +w'(B—1) e, Wa(Bz, = 1)(y—1))

+ M (1Y) + 85, (1 — B) + B+ —2)]/ M, — B, )(y— 1)], and

PO = M< My =[(—1+9) (a3 =28+ (—1+ BB+ (=2 +B)Y) (—1 + 05, ) (0, — 05, A
— oAy 27+ (—4+ 305, + 05, +Y(—1 —2/(~1+0,) + 8, )h+ B(1 +(—1+05,)3)
B+ 9)(=3 7+ ¥(—1 + 05, )h— (=3+20p, +05,)1)))| /(3 — 2B+ (—1 +B)BY-+ (2 -+ B)Y)(0c, — 62,

Similarly,

CWWH(_I +Yz)(_1 +0EH)
I+y

—Y(=2+6g, +05,)))A+By(1 + (=1 465, )A) +B(=3+7)(1 +7)(1 + (=1+05)1))| /[(1+7) (8, — 0z,)A].

W <0 = M<M,= o4 7= 27+ (~4+ By, + 305, +Y(~1+ 8,

In addition, M, > M and M,, > M always hold.

Case 2b: when M < M. In this case, the equilibrium solutions are in region (iv), where
ce(M1—6g)—1)

x(eEH - eEL) 7
ce(M1—8g,)—1) n M

}\’(GEH - eEL) 1— Y

*_

P* = CWWH(GEH - 1) +

In this case where M < M, p* <0 and w* < 0 always hold.
Combining case 2a and 2b, I have proven Proposition 3.8 (ii) that when ¢, > ¢, p* < 0 if and only if

M <M,,w*<0if and only if M < M,,. |
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Appendix. C Proofs of Propositions

Proof of Proposition 4.1

Let n*, p*, Y* denote firm A’s optimal number of promotion outcomes, optimal list price, and optimal prob-
ability of winning lottery, respectively. Also let pj; denote firm B’s optimal price. Suppose for contradiction
that n* > 2.

After drawing the lottery at firm A, consumers can either purchase at the realized price at firm A or switch
to firm B. I then discuss two cases separately:

Case 1: for any realized price, consumers choose to continue purchasing at firm A. In this case, consumers
will not switch even if the realized price is the highest one p*. The expected transaction price from visiting

firm A is

nf—1 =

Epi] =Zi Y PP

i=0
Y nn-1) —
= 2 +(1=v)p
P2 —(1+n")Y)
N 2n* '

From problem (4.8) in the paper, I have that firm A’s profit is

(pp+1) +ay —Elpin’
2tn*

ROt &)

—% * n’

IL(p", v, n") = E[p][B(
Now, I construct a simple lottery that has the same expected price as the original lottery, but contains only
one promotion outcome—zero price. Let p, and 7, denote the alternate price and probability of winning

from the simple lottery. Then by construction I have

pn = (L))

1—v)p.=E[p/]| = EC4.1
(1 =%)p, =Elp] e ( )
Let p, =p~, then I can solve for y, = '2+” 2", The profit from offering this simple lottery is
— — P*Jrl‘ﬁLOCs* 1*sﬁs p*iﬁs%»t
117,00 = (1=, [P E P gy PG| gean
ptitoy—E pti—7
=E[p] |B(*2 LoElpiy g gyt P (EC4.3)
2t 2t
Hence, the difference in profits between these two lotteries is that
_ . . py+t+oy,—E[p n*(py+1t)+ oy —E[p|n*
(1) ~ T (p 7 ") = Elp p( P H F =Bl i) > o —Fipi
Pyt 1+ o(SEy) ~Elpi]  (ph+1) + o —E[p]
=E[p:]B( — )
2t 2t
ay ()
= 2n
IR
> 0.
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Therefore, the original lottery with n > 2 is not optimal, as firm A can profitably deviate by offering this
constructed simple lottery with n = 1. I then derive contradiction and conclude that n* = 1.
Case 2: Consumers choose to continue purchasing at firm A only if the realized price py < n%ﬁ*, where
k€ Z and 0 <k <n— 1. The expected transaction price from visiting firm A is
k

Blpa) = 1Y 5+ (0 = k= 1)+ 0+ (L= 1) (3 ) (BC4.4)

_r

i=0
[ﬁ*k(k +1)
ot 2n*

+ (" —k=1)(pp+ 0]+ (1 =7)(ps +1).

Note that E[p,] is not the expected price that consumers will pay to firm A, but rather the expected trans-

4 "{*pkk‘l’l

action price (pay to either firm A or B) conditional on visiting firm A. In EC.4. is the expected

price that consumers pay to the firm A; when the realized price is greater than £ -+P", consumers switch to
firm B, which entails cost pj +¢. Now I show that k # 0 in equilibrium.

Suppose k = 0 for contradiction. This suggests that consumers only purchase at firm A if the realized
price is zero, so that firm A would earn zero profit. However, this cannot sustain in equilibrium, as firm A
can deviate to earn a positive profit by setting the alternate price p* = pj. By doing so, firm A would be able
to attract some consumers to draw the lottery at firm A, since the worst outcome is to receive the highest
price pj (same as the competitor’s fixed price). After drawing the lottery, consumers who receive the lottery
price & Z would buy at firm A, since the paying price at firm A, = 28 s lower than that of switching to
firm B—pj, +t. And this entails that k > 1 (because there exists at least one positive price, ”7, consumers
will accept). Hence I derive contradiction and conclude k > 1.

Now I have concluded that 1 < k <n — 1. From discussion in the main paper, I have that in case 2,

p being the highest acceptable price implies p* > p; + ¢ and £ =+P" < pp +1, which is then equivalent to

uld BH . In this case, the skeptical consumers who will visit firm A is denoted as [W#F =0.

pp+t<p <
That is, the alternate price is too high and skeptical consumers will not visit firm A as they assume to receive

this alternate price for sure. From demand expression (4.10) I have that firm A’s demand is

n*(pp+t)+oy —E[py|n* . . .
. S if consumer is trusting, (EC.4.5)
0 if consumer is skeptical.
Therefore, firm A’s profit from trusting consumers is
e p oy Y PRk 1) o n*(py+1) + oy — Elp]n”
HT * ) —
A(p 7YF7n ) n zn* B( 2tn* )
Y PRk 1) oo (P 1) oy — (GG 4 (7 — k= D (py 0] + (1= 1) (9 +1))n*
- . B( . )7
n 2n 2tn
and firm A’s profit from skeptical consumers is
L (p*,y",n") =0. (EC4.6)
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Now, I construct a refined lottery that eliminates all the lottery outcomes at which consumers would
not pay. That is, with probability 1, consumers win the refined lottery whose set of outcomes is
Pt 2p
{0 ER
where i € {O, 1,...,k}). The expected price of this refined lottery is

= with probability

k+1’

—*

k
k+1 Z;

When offering this refined lottery, a trusting consumer’s expected utility of visiting firm A is

*k

g (x) =V —

(EC.4.7)

A skeptical consumer assumes the worst outcome and has the following “expected” utility of visiting

from firm A offering the refined lottery:
U e(x) =v— —— — . (EC.4.8)

Recall that because firm B’s price is fixed and transparent, both trusting and skeptical consumers derive the
same utility of purchasing from firm B:

ug(x) =v—pp—t(1—x)>~ (EC.4.9)

Then, define the consumer located at X* as the consumer indifferent between visiting firm A and visiting

firm B when offered the refined lottery:

(EC.4.10)

ut o (¥®) = up(x®) if consumer is trusting,
uSg(¥*) = ug(x*)  if consumer is skeptical.

Equation (4.10) solves uniquely for

& { nQpp(ILH)+2(H)+20) k" (1K) - 2o o0 her is trusting,

AR (EC.4.11)

St —kp : . :
("BZ)TP if consumer is skeptical.

Therefore, firm A’s profit from trusting consumers when offering this refined lottery is

_ Dk, n*(2py(14+k)+2t(1+k)+20) —kp* (1 +k)
HT * )
AR(p n ) 2n*[3( 4(1+k)tn* )
and firm A’s profit from skeptical consumers when offering this refined lottery is
Pk (s +1)n" — kp*

Ik (p",n") = 5— (1 B)

Next, the difference in trusting consumers’ profits from the refined lottery and that from the original

2n* 2tn*

lottery is

HfTXR(ﬁ*vn*) _H/Tx(ﬁ*vykﬂn*)
_zkﬁ(n*(zp;;(l k) +2t(1 4 k) +20) — kp* (1 + k)

)

2n* 41+ k)tn*
AP i) o — (P (k= )]+ (7))
n*  2n* 2tn* '
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And T have that IT{,(p*,n*) — IT, (p*,7",n") >0 <= o> 0o = %W Note that £7* < pj, +
t < kp* <n*(pj+1). Therefore, I have kp* < 2n*(p}; + ) and I can conclude o < 0. Hence, o > 0
always holds and I conclude IT}(p*, n*) > IT} (P, ¥*, n*).

Similarly, the difference in skeptical consumers’ profits from the refined lottery and that from the original

lottery is
foR(ﬁ*Jl*) - Hi(ﬁ*ﬁ*,n*) = Hf&R(ﬁ*vn*> >0,
as I know from EC.4.6 that IT;(p*,y*,n*) = 0. Moreover, because the refined lottery also generates more

profits from trusting consumers, I have shown that this refined lottery generates more profits than the original

lottery does:

(P n") =TTk (", n") + TR (P", )
>TL(p" Y ) + TG (P Y )
=IL(p",v",n")
Finally, as I did in Case 1, I now construct a simple lottery that has the same expected price as the refined

lottery, but contains only one promotion outcome—zero price. Let p, and vy, denote the alternate price and

probability of winning from the simple lottery. Then by construction I have

Pk

1—v)p, = . EC4.12
(I =%)p =72 ( )
Lety, = 164%1’ then I can solve for p, = %. The profit from offering this simple lottery is
_ — p*—}—l—i-OC’Y;— 1_% P p*_ﬁv_'—t
0, (%) = (1~ ) p B Uy gy Po Pty ECA13)
k. n*(2py(1+k)+2t(14+k) +20) — kp*(1 + k) Py — D, +t
= 1-B)(—————— EC.4.14
o B M1+ R JHU=RT= « )
Hence, the difference in profits between the simple lottery and the refined lottery is that
_ — o _ Dk pp— D+t (pptt)n” —kp
L (P, %) — Tar(P,n7) = 2= (1 - -
Tk gy i)
2n* 2t 2t
> 0.

In conclusion, I am able to construct a simple lottery that generates higher profit than the refined lottery,
which in turn generates higher profit than the original lottery. Therefore, the original lottery with n > 2 is
not optimal, as firm A can profitably deviate by offering this constructed simple lottery with n = 1. I then
derive contradiction and conclude that n* = 1. Because I have shown in both Case 1 and Case 2 that n* =1,

I have completed the proof for Proposition 4.1 that the optimal number of promotion outcomes is n* = 1. Bl
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Proof of Proposition 4.2

Firm A’s profit maximization problem is

_ _ pg—p(l—7)+t+o pp—Dp+t
max () = (1 - (B IEEES) | gy P )
Py t 2t
st. pel0,pp+1], (EC.4.15)
ye[0,1].
Similarly, Firm B’s profit maximization problem is
P(l—y)+t—ps—a P—Dpst+t
max Ta(pa) = pu (BCELTZP ) 1y P00 )
PB t 2t
(EC.4.16)

s.t. pp>0.
We prove Proposition 4.2 in two steps: (1) I apply the Karush-Kuhn-Tucker (KKT) conditions to solve
EC.4.15 and EC.4.16; (2) I show that the solutions from step 1 are global optimal.
Step 1: Firm A optimizes I1,(p,Y) over a convex set of linear constraints as shown in EC.4.15, namely
g <0,neN={1,2,3,4}, where ¢,(p,Y) = —p, &(p,v) =P — (ps +1), &(P,V) = =V, &(P,V) =7v— 1.
The KKT solutions to EC.4.15 are given by the standard equations

VIL(P,Y) — Y 1:V8.(P,Y) =0,

neN
U >0, VnEN, (EC.4.17)

:ungn(ﬁa Y) = 07 VneN.

Similarly, the KKT solutions to EC.4.16 are given by the standard equations
d(—ps) _

dps ’
A>0, (EC.4.18)

VII(ps) — M

AM—pp) =0.
Solving EC.4.17 and EC.4.18 with the constraint o < M gives

(i) when a0 < %:

Y =0,
P =t,
Pp=1;

.. 11-v73 t(1-B) 12:(1-B)
(i) when (B > 2 N T S o < ﬁ(4fﬁ)) or (B < 2 B

¢(B2+382— 13B+3+(1-+B)/B4+4p3 —26B2-+ 12B+9) )

2B(B2-5B+3)
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(24 B) — /a1 —B) (9 + 40— af)

Y= 3ap ;
. —20(1—PB) + /ol —B)(9 +4a —ap)
a 3(1-P) ’
) _ 9 — o2+ B) + /o1 — B)(9 + 4o — o)
B 9 >

(iii) when B> 1=/ and 1;;;‘;[5) <o <t(142pB):

Y‘ = 1/27
_,  6t—ap
p - 2+B )
py_(4=B) B
248
For the convenience of notation, I denote
)
- p
s 11-+73
p= 1
1(B3+3B2—13B+3+(1+B \/m . A
o= ( 2<I3(B2>—5B+3)B s ifp<B,
ey ifp> B
T=1(1+2p).

Step 2: The solutions I obtained from step 1 would be global optimal if in EC.4.15 and EC.4.16: (a) the
constraints are convex and (b) the objective functions are concave. (a) can be directly verified from EC.4.15

and EC.4.16. I now show that (b) is also true.
Py _ =DB-1) ) upqd Pa@Y _

dz?/‘f(p B) — ;1 < 0= IIp(pp) is strictly concave in pg. Because = p T
—M < 0, I, (p, ) is jointly strictly concave in (p,7) if

D _ 821_IA (ﬁv Y) azI_IA (ﬁ? Y) o (BZHA (ﬁa Y) )2
op oy opay
=[p* (—4 — 4P — 4P + 12Py+ 12>y — 12B°Y)
+ D (4pp + 41 +4ppP + 4B — 4ap” — 8pyPy — 8Py + 4By + 120p°y — 120p%Y)

— ps— 2pgt — 1>+ 2ppof + 2taf — oB* — 4pgofy — 4raPy + 4ot By — 4o’/ (4

> 0.
B(4t +4ro— 4t2[3 4rop— oczﬁ) S 0.
.. _ 200208~ /o(1-B) (9r-+40—0tB) ) (361~ 140+ 20B+71/ct(1-B) (r+4ar—
(i1)) whena<a<a,D = (a aB PBrrtora )(108;2 RV HI T Ot QB)) > 0.
A _ = —61) (6t—12tB—50p+6:p2+20p2
(i) when B> Band @< a <@, p— BLE IBOT )
Since both (a) and (b) are satisfied, the solutions from step 1 are global optimal.

(i) whena<a, D=
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Proof of Corollary 4.1.

— -
_B 3[3

Since th <0. [

Proof of Proposition 4.3.

aa” and 5 in each region identified in Proposition 4.2, then prove Proposition 4.3.

(i) When < o: v =0, p" =1, py=1. 22 =0, and 2 = 0.

(2+B) a(1-B)(9r+4a—of) —20(1-B)+~ /(1) (9t +4a—ap) .
(i) When a < a < o: ¥y = 308 , D= =) y Pp =

9t—ou(2+B)++/ 0(1—PB) (9r+40—af)

9

We first characterise

op" 9t +8a— 20 —4/a(1 —B) (9 + 40— af)

= >0,
do 6+/a(1 —B)(9f + 4o — af)
and
dpy 91+ 8o+ P20 — 100 — 9r) — (4 42B) /(1 — B)(9¢ + 40— o) ~0
oo 18+/au(1 — B) (9 + 4o — o) '
o * t(4—B)—ap ap* 9
(iii) When B> Band 0 < o <0:y' = 1/2, p' = %, pj = B o2 B0, and % = — 2 <
0.

We now prove Proposition 4.3(i). The direction that o < oo < 0@ = % > 0 is shown above. I now

prove the other direction that % >0 = o < a < . Using proof by contrapositive, it is equivalent to

provethatoc<g\/oc>a = aal*<0 I have shown that (i) 0 < o0 — aal*:Oand(iii)B>[3/\a<

o< = %: 2+ﬁ < 0. So, the remaining cases to showare(a)B<B/\oc>oc == aa” <0 and (b)

B> B A0S0 = aa% < 0. But o cannot be in these two cases, otherwise the constraint o < W is

violated. Therefore, cases (a) and (b) do not exist and I have proven Proposition 4.3(1).

Lastly, Proposition 4.3(ii) follows directly because < 0 in all the three regions. |

Proof of Proposition 4.4.

In region (i) and (iii), Y* is constant so that = 0. Hence, this proof reduces to show that ‘W > 0 in region
<2+B) o(1-B)(9r+4a—of and & — 3t(1-B) >0. [

30 9% 20 /a(1-B)(9r-+40—ap)

(i1) where o0 < o0 < 0. In this region, y* =

Proof of Proposition 4.5.

I first characterise anAg:,w) nd aHB(" )

(i) When o < o: v =0, p* =1, pj=1. TuZ¥) — g ang 282 —,

in each region, then prove the Proposition.
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. _ (2+B)—4/a(1-B)(9r+do—0Bf)  __, —20(1-B)+4/(1-B)(9r+da—aB)
(i) When o < a < o: v = 308 , P = 30-8) yPp =
9t—0(24B)+4/(1-B) (9r+4a—aPB) 9211, (p* 1)

5 . - >0 = %ﬁ;nﬁ) is monotonically increasing. In addition,

LA ) la=a. < 0. Next, I solve the equation % = 0 with respect to a.

oIl
féa'W) o¢:>%(&u—3+B)+5vh0f—mah+4a—aﬁn
+ 4 (—ou(—4+B) + /o1 — B)(9r + 40— aB)(8 +B) ) =
1 (B2 1B /736742 12616
Solving above gives roots o = 0, o, = —%, o3 = %(B i 4;41[5) RS , and oy =
2 VBB B 12p1 16
3f(ﬁ e 4; fﬁﬁ) M ) Roots o, o, 03 are all non-positive, and 0 is the only root that is greater
than o.. Because w is monotonically increasing, I conclude that ALPY) > () <= o> oy I now

discuss whether o lies in [0, @) and divide the discussion into two cases: (a) B > B and (b) B < B Note that

o4 (P*.")

because =, is monotonically increasing and M PY') p ) |(x o < 0, it must be that o, > 0. So my discussion

reduces to whether o, < QL.
In case (a) B > P, because (1) M is monotonically increasing, (2) anA )|, o < 0, and (3)

M’Oﬁ o > 0 Oly, at which M‘OCZ(M = 0’ must lie in [g’ a)
9+30B—65p2+32p3 —8p+ —27+72B+126B% —220B3 +65B4+16B5 —8p°
Incase(b)ﬁg[s,%:( +30B-65B7+32B3—8p*) 1 —27+72B+126p2 22087 +65p*+1687-3p°)

22 (3-35p+p%)° + 282 (3-5B-+52)” /9 125 —26p2 +4p7 + p*

dog (128 166B+366B2 42083 +111B*) 3(-32¢(2+)+166B(2+B)— 141B% (2+B) ) 0
B 8B pra-4pB24p) S(—4+B)°pA(2+P) =
Moreover, with out loss of generality pick B = 0.2, I have &(f = 0.2) = 5.39r < 6.07r = 04(B = 0.2).

Then pick B =P, I have a(p = f) = 2.23¢ > 0.97¢ = 0o, (B = B). Combine this with the fact that & and o,

monotonically decrease in 3, it must be the case that o and a, cross once at some f§ € (0.2, ﬁ) I denote P to

<0, and

be such [ and solve for f ~ 0.27. In sum, o lies in [, &) when 3 > f.

Regarding 2225 it always holds that o < o0 < & = ang((xps <0.
(iii) When [3 > B ando<o<o:y =1/2,p' = 6f2+<éﬁ7 P = 14 2[::)3 t(4-B)—of
AMA(Fr) _ Bl6r—3rp-20p) (2-p) W-p _ = Mp(r) _
Af’]; 41(2+B)? >0 = a< T And B > 1 — 3 < o. Moreover, aaB =
B(tB+ap—4r)
TP <0.
Let
o if B <P,
o, =4 O ifp<p<?,
32-B) 3
2B lf y < B7
and
a iff< o
o = . P<P = min{Q, o }.
Oly if B > E
M

Then I have shown the direction that o, < o0 < o, —

W >0 = oy < a < a,. Using proof by contrapositive, it is equivalent to prove that o < o V o0 >

> 0. Next, I prove the other direction that
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o, — W < 0, which is true as I have shown that (1) a < o0 — W =0,Qaoa<a< 0oy =
W <0,3)B>3Na>0, = % <0, and (4) when B < 2, &> o, cannot be true, otherwise

is violated.

the constraint o < w

So I have proven Proposition 4.5(i).

Lastly, Proposition 4.5(ii) follows directly because % < 01in all the three regions. |

Proof of Proposition 4.6.

We compare I1,(p*, ") with I[T{ =7/2 in each region.

(i) When o< o: v =0, p* =1, py=1t.IL(p",y) =t/2=TI}.

.. _ o(2+B)—+/ a(1—B)(9t+40—of) — —20(1-B)++/ (1—P)(9r+40—af) "
(i) When a < a < o: ¥ = 3B , P= 31-B) y Pp

9t—ou(2+B)++/ 0(1—PB) (9r+40—ap)
5 .
When o = o, I, (p*,y*) =¢/2. And I first discuss three cases based on the value of B. Case (1) B < B~
0.27, case (2) B < B < B, and case (3) B > P.

In case (1) B < E, from proof of Proposition 4.5 I know that o, > &. Hence, I, (7", Y*) is monotonically

decreasing in a and I, (p*,y*) <t/2 always holds in region (ii).

Incase 2) <P < [AS from proof of Proposition 4.5 I know that I, (p*, ") first decreases then increases
in region (ii). Next, I further separate my proof in two possible cases that when a0 = @, (2a) I, (p*,7") > /2,
or (2b) I, (p*,y") <t/2. And I first solve for the condition in which I, (p*,y") =1/2.

First pick p = B, when a0 = @ I have I1,(p",y") = 0.48¢ < ¢/2. Then pick = B, when o = @ I have
I, (p*,v") = 0.54¢ > t/2. In addition, when § < < BAo=d, %ﬁg‘m > ( always holds. Hence, there
must exista B € (B, B) at which I, (p*,y") = /2 when o = . I denote B to be such [ and solve for § =~ 0.45.

When B < < B, we are in case (2b) where when o = o, I1, (5", y") <1/2. Hence, I1,(5*,y") <t/2 holds
for all o € [, O0).

When B < B < B, we are in case (2a) where when o = o, I1,(5",Y") > /2. Because I, (p*,Y") < t/2
at oy, Iy (p*,y") > t/2 at @, and I, (p*,Y*) is monotonically increasing in o when oy < o < @, there must

exist an o € (oy, &) at which I, (p*,y") =t /2. I denote oy, to be such o and solves for

_ tB(27+/96B° + 513B* + 683 — 351B2 + 5352B — 5616 — 16B* — 1293p2 + 6171 — 4430) /3
% = 21332
21342 (—4f? + 1498 — 181)
3tB(27/96B° + 513+ + 6B% — 351B% + 53528 — 5616 — 1633 — 1293B2 + 6171 — 4430)'/3
2t(5+B)
-5

Hence, o > o, <= TI14(p*,y") > /2. For notational convenience, let

(27\/9665 +513B% + 6B° — 3512 + 5352B — 5616 — 16B° — 1293B% + 6171B — 4430

A=t
p 2

)1/3
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A2+t2[32 (4B —149B+181)—2ArB(5+B)
3AB2 :

and I re-write o, =
In case (3) B > P, from proof of Proposition 4.5 I know that TI, (p*,Y") is monotonically increasing in
o when oy < o < @. In addition, I always have that I1,(p*,y*) > 7/2 at &. Hence, there must exist an
o € (oy, o) at which I, (p*,¥*) = /2, and oy, is such o. And I conclude that o > o, <= I (p",Y") > /2.
(iii) When B> B and <o <a:y =1/2, p* = 6’2+‘EB, Py = ’(42%0‘3.
My(p",y) = BBl > /2,
Regarding Proposition 4.6, the direction that B > BA o > o, = T14(p*, ") > /2 =I1¥ is shown above.

I now prove the other direction that I, (p*,y*) >1/2 — B > B A o> 0,. Using proof by contrapositive, it
is equivalent to prove that B <PV (B> PAa<a,) = II,(5*,y") <1/2. And it is true because:

(1) when B < B, a is either in region (i) (o < o), in which case II, (p*,Y") =1t/2, or in region (ii) (o <
o < @), in which case I, (p*,y*) <t/2 always holds.

(2) when > B/\ o < oy, o is either in region (i) (a0 < @), in which case I, (p*,Y") =1/2, or in region

(ii) (o < oe < @), in which case I, (p*,y*) < /2 always holds because o < Q. |

Proof of Proposition 4.7.

From Proposition 4.6 T know that I1,(p*,y") > /2 <— B > B A o > d,. Therefore, the upper bound of
I, (p*,y") lies in B > B A o > o,. Next, I prove Proposition 4.7 by comparing the maximal profits in three

cases based on the value of B: case (1) B < B < B, case Q) p<Pp < 2, and case (3) B> 3.

In case (1) P < B < P, From Proposition 4.6 I know that for a fixed B, the maximum of IT, (p*,Y) is

Il (P*,v")
A aB >

0 always holds. Therefore, the maximal profit is obtained when B = P and o = o. I use I, (5", ¥*) to denote

obtained at o0 = O.. Moreover, from Proof of Proposition 4.6 I know that when E <PB< B/\ o=0aq,

such maximal profit.
Incase 2) P<Pp <

obtained when o0 = o, = .. At . = 01,

from Proposition 4.6 T know that for a fixed 3, the maximum of IL,(p*,y") is

AL (P ) _ i
op

when B =2 and o = o,.. L use I (p*, ) to denote such maximal profit.

_47

H3- 45 > (. Therefore, the maximal profit is obtained

In case (3) B > 2, from Proposition 4.6 I know that for a fixed B, the maximum of I, (p*, ") is obtained

3f(2 B oA (P ¥")
2B 9P

with any B > 3. T use I3 (p*, ) to denote such maximal profit.

when a0 = o, = LAt =, = 0. Therefore, the maximal profit is obtained when o = o,
Based on my analysis above, it is obvious that IT} (p*, ") = I3 (p*,y") > 1, (p*, 7). Pick any B € (3, 1)

and oo = o, I have

ps—p(1 =) +1+ (¥52)y ps—P+1
2 )+(1—B)(2t)>

G, y)=(1-7p (B(

~ @-p-2 5B (25
—(%ﬁﬁ))ﬁ gy —( sz J(1—1/2)+1+ (X B)/2)

24P JIB 2t

6t
= (1-1/2)(
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ra-p)-25Ee a5

_ 2p +
+ (1= B)(— 2f il
=1.125(t/2)
=1.12511%.m

Proof of Proposition 4.8.

We prove this proposition in two steps. First, I solve the equilibrium solution when firm A acquires the
government certification (S = Y). Let IT;(7,Y) denote firm A’s profit with government certification. Sec-
ond, I compare firm A’s profits with and without government certification to determine her government
certification strategy.

Step 1: This step is similar to proof of Proposition 4.2. I only consider the region where a is not overly
large so that the two firms are competing: o < w
With government certification, firm A’s profit maximization problem is
P PU Y Frtar

max I (p,y) = (1—Y)p
Py 2t

st. pel0,pp+1], (EC.4.19)

ve[0,1].

Similarly, Firm B’s profit maximization problem is
2t
s.t. pp=>0. (EC.4.20)

max Hg (p8) = ps(
PB

In step 1a, I apply the Karush-Kuhn-Tucker (KKT) conditions to solve EC.4.19 and EC.4.20. Then, in
step 1b, I show that the solutions from step la are global optimal.

Step 1a: Firm A optimizes IT} (p,7y) over a convex set of linear constraints as shown in EC.4.19, namely

8. <0,neN= {1727374}’ where gl(ﬁ:Y) =-p, gZ(ﬁ:Y) =p— (pB +t)7 g3(ﬁay) =" g4(ﬁ77) =y—L
The KKT solutions to EC.4.19 are given by the standard equations

neN
>0, VneN, (EC.4.21)
:ungn(ﬁa Y) = 07 VneN.

Similarly, the KKT solutions to EC.4.20 are given by the standard equations

CTARICe
A (EC.4.22)
)

Y
o o o

AM—p
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Solving EC.4.21 and EC.4.22 with the constraint o0 < w{”“ gives

T:1/27
_, 6r—a
=5
. dt—a
pB_ 3 .

Hence, TT} (5", ) = e300,
Step 1b: The solutions I obtained from step 1a would be global optimal if in EC.4.19 and EC.4.20: (a) the
constraints are convex and (b) the objective functions are concave. (a) can be directly verified from EC.4.19

and EC.4.20. I now show that (b) is also true.

dzzlli(fs) — *71 < 0 = II4(ps) is strictly concave in pp. Because azrg;(f”) = (1-7){(7_1) = ?Tzl < 0 and
azna%(f”) — _?(?t* @ _ 2<“*6’9)t<3’+°‘> <0, IT4(p, ) is jointly strictly concave in (p,Y) if
D= aZHX (ﬁu Y) aZHI); (ﬁa Y) o (a2HX (ﬁ? Y) )2
op> oy dpay
— [PP(— 12 4 24y — 12) + b (8py + 81 — 4o — 8pyy — 817+ 160y — 12017)
— Ph — 2pat — 12+ 2pp0+ 2600 — & — 4pgory — Arory+ 4oy — doy]/(4r%)
> 0.

At the equilibrium solution obtained from step 1a, [ have D = <6’l;t°§)°° > (. Since both (a) and (b) are satisfied,
the solution from step la is global optimal.
Step 2: I now compare I} (p*,y*) with firm A’s optimal profit when she does not acquire the certification
(I (p*,v) =14(p*,Y), as in the main model). From proof of Proposition 4.6 we have that:
(i) When a < ou: T, (p*,¥*) =t /2. Then,
1812 + (300 — 36¢)r — o
36t

o3t —a)
36t

I (p",Y) > IL(P,Y) < >1/2 <= c<

(i) When o < o < @

(20— 20+ /o T~ B)(9r + 40— aB)) (91 + 20+ o — /a1 — B)(91 + 4ot — o))

I,(p",Y) = 162ta(1 — B)P

Then, I have that

. . 1812 4 (3ot — 36¢)t — 02

(20— 204+ /o1~ B)(9r + 40— aB)) (91 + 20+ o — /a1~ B)(91 + 4~ off))
162:a(1 — )P

—

_ 1620(B— 1) +ra(171p — 252) + 0 (2B +35B — 64) + (901 + 3201 — 20B) Va1 —B)(9r + 40— o)
32413 )

C
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(iii) When B > B and @ < o < @: I, (5", V') = BOCAIE%) Then,

I (77 > T (77 s 18> + (30— 36¢)t — o> B(3t + o) (6t — o)

36t 4r(2+B)?
3t 1— —200 — —
< (3t + a)( B)(12t — 200 — 3t 40@3).
18:(2 4 B)?
Let
(3r— -
%&a) ifa<a,
= 16202 (B—1)-+10(171B-252) +02 (282 +35B—-64) +(90r-+320—20B)  /0u(1—-B) (9r-+40—0B) ifo<o<,

3241B
(3r+0) (1-B) (12t —20—3tp—4af)

18(2+P)2 ifa<a<anp>p.H

Proof of Proposition 4.9.

The proof is very similar to Proof of Proposition 4.2.

Firm A’s profit maximization problem is

max TL(p,y)= (1 —y)p <[3(PB(1 —¥5) —P(1 =7) + (Y —Ys) - B)(W)>

Py 2t 2t
st. p>0, (EC.4.23)

ye[0,1].

Similarly, firm B’s profit maximization problem is

PB>YB 2t 2t
st. pp>0, (EC.4.24)

max I13(Pg,vs) = (1 —V5)75 (B(P(l —Y) =P (1 —v8) +a(vs—7) —H) ‘ _B)(P—PB-H)>

vs € [0, 1].

We prove Proposition 4.9 in two steps: (1) I apply the Karush-Kuhn-Tucker (KKT) conditions to solve
EC.4.23 and EC.4.24; (2) I show that the solutions from step 1 are global optimal.

Step 1: Firm A optimizes I, (p,7y) over a convex set of linear constraints as shown in EC.4.23, namely
g <0,neN=1{1,2,3}, where g,(p,y) = —p, &(P,Y) = —Y, g(pP,¥) =7 — 1. The KKT solutions to
EC.4.23 are given by the standard equations

VIL(P,Y) — Y 1:V8.(P,Y) =0,
nenN

1, >0, VneN, (EC.4.25)

,ungn(ﬁ, Y) == O, Vn S N.
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Similarly, firm B optimizes I13(P5, Yz) over a convex set of linear constraints as shown in EC.4.24, namely

h, <0,ne N =1{1,2,3}, where h,(p5,Ys) = —Ps, "(Ps,Ys) = —Ys, h3(P5,Ys) =Yz — 1. The KKT solu-
tions to EC.4.24 are given by the standard equations

VHB(ITﬂv YB) - Z anhn(ma YB) = 0’
neN

L >0, VreEN, (EC.4.26)
xnhn (ﬁ, YB) = 0, Vn €N.

Solving EC.4.25 and EC.4.26 gives

(i) whena< o= %,

*

D'=ps =t

(i1) when o > q,

a(l+B) — /ol —B) (4t + o — ap)

V== 208 ’
o WB—1)+ /ol —B)(4r + o —oB)
e 2(1-P) |

Step 2: The solutions I obtained from step 1 would be global optimal if in EC.4.23 and EC.4.24: (a) the
constraints are convex and (b) the objective functions are concave. (a) can be directly verified from EC.4.23

and EC.4.24. I now show that (b) is also true.

Because the two firms are symmetric, I only need to show (b) is true for firm A—that is, the objective

function is concave in EC.4.23. The case for firm B would be identical. Because azna*‘ﬁ(f”) = “’Y)EBY’U <0
and £ n£ Py — PR -, T1,(5,7) is jointly strictly concave in (5, ) if

_ a2HA (ﬁa ’Y) aZHA (ﬁv Y) - (aZHA (ﬁv Y) )2
ap° 97? apay
=[p*(—4 — 4B — 4% + 12y + 12>y — 12B*Y) + p(4t + 4B — 4ap* — 8tBy + 4Py + 120p*y — 1208%Y
+4ps +4Bps — 8PYps — 40Pys — 4By + 8B YYs — 4Bpisvs — 4B’ ps¥s + 8B YY) — 17 + 200
— o’B? — draPy + 4By — 40 By — 21 pp + 20 ps — 4aByps — pj + 210y — 207 By + 40 By,
+ 2tBpyYs + 20BpsYs — 208° prYs + 40P YpsYs + 2BppYs — OBV — 2087 ey — BPppve)/ (41

> 0.

2 2 5
(1) whena <o, D= B(4r2+4ra—ar B 4r0p—a?p) o,

(ii) when o> o D — (8r+a of— w/oc(l )(4t+o—af )( oo+ /o(1- B)(4z+a—qﬁ))

1612

>0
Since both (a) and (b) are satisfied, the solutions from step 1 are global optimal. |
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