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In this paper, we consider a start-up service provider that decides whether to advertise
its service product by offering temporary daily deal promotion. Based on the repeat pur-
chase mechanism, we show that both the commission rate (that is, the revenue-sharing ratio)
charged by the daily deal site and the discount level offered by the service provider play im-
portant roles in signalling the initially unobservable quality level of the service provider. A
high commission rate can facilitate the signalling of the daily deal promotion, and in equilib-
rium only the high-quality service provider would do daily deal promotion. We find that if
the daily deal site adopts a two-part tariff charging scheme, the high-quality service provider
can always signal its quality by offering daily deals. And the two-part tariff leads to a lower
signalling cost but a higher repeat purchase rate than those under the revenue-sharing if the
variable cost of the low-quality service provider is not too large.
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1 Introduction

Everyday, hundreds of daily deal sites offer discount vouchers to customers all over the
world, among which the best known ones are Groupon and LivingSocial. Since their advent,
the daily deal promotion has covered numerous service industries such as restaurant and
health care. When selling service goods, almost all the daily deal sites adopt the following
business model: Merchants in a city offer steep discounts ranging from around 50% to 90% off
the regular price on products that would appeal to local customers; the deal site adopts the
revenue-sharing mechanism with the merchants and takes a portion of the revenue generated
by a deal as a commission.

Daily deal sites provide a new channel for start-up service providers to advertise their
products. As Groupon states on its website, “We designed the Groupon model to be an
alternative to traditional advertising. Whereas most marketing methods (i.e. print adver-
tisements, radio spots, and TV commercials) require upfront payment without providing any

guarantee that your campaign will be successful, Groupon costs you nothing out-of-pocket.
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.-+ We can help your business grow and thrive with a customized campaign that guarantees
new customers and keeps them coming back time after time.” As those daily deal sites like
Groupon often position themselves as alternatives to traditional advertising, then an inter-
esting research question arises: Will the daily deal promotion posit the signalling effect of
advertising? And how effective it is as a means of advertising?

Dholakia (2011b) finds that the exposure value of Groupon promotion is approximately
140% of the merchant’s baseline sales and that approximately 4% of Groupon customers
repurchase at least once at the regular price in the first two weeks after redemption of their
Groupon promotion. When they repurchase, their spending is well over the average spending
level of a regular customer. In a survey study, Dholakia (2011c) finds that merchants view
daily deals as effective replacements for traditional advertising to gain exposure to consumers
within their local markets. According to a study of daily deal performance over three time
periods by Dholakia (2012), almost 80% of the daily deal customers are new customers and
20% of them will repurchase. All aforementioned studies show that daily deal promotion can
increase the merchants’ exposure and attract repeat customers.

Compared with the advertising through traditional media such as newspaper, magazine,
television commercials, radio or direct mail (called traditional advertising in this paper), daily
deal promotion exhibits some new features that are beneficial to start-up service providers.
First, daily deal promotion is performance-based advertising in which total advertising ex-
penditure is determined by the realization of the demand, that is, the purchase amount of
daily deal promotions (Feng and Xie, 2012). Second, there is no upfront lump-sum cost in
daily deal promotion. However, in traditional advertising such as television advertisement,
there is a minimum expenditure requirement at which a merchant can place an advertise-
ment. For example, the minimum that any TV station will accept to begin advertising for
a client is $1,500.00 per month (Goldman, 2008). Thus, daily deal sites provide a new mar-
keting channel for small-size firms such as a nail salon or a coffee shop around the corner
as well as start-up firms which cannot afford the expenditure in traditional advertising to
advertise their products. Besides, from the viewpoint of consumers, dail deal sites provide
them with more choices of merchants which they cannot find by other ways. According to
Neary (2011), daily deal sites change how customers shop. Searching deals on daily deal
sites and sharing them with friends are regarded as cool things. Third, the effectiveness of
daily deal promotion can be easily identified because a customer coming from the daily deal

promotion shall present his/her redemption code upon arrival. However, in other advertis-



ing means such as television and newspaper advertising, it is hard for service providers to
identify whether a customer arrives because of the exposure to the advertisement. Fourth,
daily deal promotion belongs to advance selling while traditional advertising does not. In
traditional advertising, customers first observe the advertisement and then decide whether
to purchase products on spot. From the timing of observing the advertisement to that of
purchasing products, it may take a long time such that some customers who initially want
to try the product may forget to do so. In contrast, in daily deal promotion, customers need
pay upfront through daily deal sites and then redeem the voucher on spot. Therefore, daily
deal customers have strong incentives to try the service provider’s product as otherwise, their
upfront payment may be sunk. And last, the voucher in daily deal promotion is transferable
and thus the service provider can capture the positive externality of customers’ interaction.
Daily deal customers buy the product before their redemption costs (e.g. their opportunity
cost of time) (Lu and Moorthy, 2007) are realized. Therefore, when their redemption costs
are so high that they are unavailable for redemption, they can transfer their vouchers to
their friends and recommend them to redeem. However, in traditional advertising, in case of
high redemption cost, the customers will just not try the product. Although daily deal pro-
motion can provide aforementioned benefits, it remains unclear whether it can perform the
following basic function of advertising: Signalling the quality of promoted service products,
an important requirement for the business model of daily deal promotion to sustain.

In a daily deal transaction, a daily deal site like Groupon normally extracts 50% of the
revenue generated by a deal, leaving no more than 25% of regular revenue to the service
provider (Smith, 2011). However, 25% of regular revenue is not possible for a considerable
portion of service providers to make a profit per transaction. For example, the variable
costs of restaurants are normally about 25% to 30% (Kimes and Dholakia, 2011). In another
example, in the salon and spa industry, service providers adopt the base plus commission pay
structure under which employees receive a percentage of the revenue they generate for the
firm. According to a report by InSPAration Management, the average employee commission
rate in the SPA industry typically ranges from 35% to 60%. When the service provider
cannot make a profit from daily deal transactions, the loss from those daily deal promotions
shall be regarded as the advertising expenditure. Then the main purpose of carrying out
daily deal promotion shall be to win repeat customers.

Unlike traditional coupons and promotions that mainly attract price-sensitive and low-

value customers (e.g. Lewis, 2006 and Narasimhan, 1984), daily deal users are normally



affluent and not very careful with the personal finances (Dholakia and Kimes, 2011). Ac-
cording to a survey conducted by Freed (2011), daily deal users tend to be between 25 and
44 years old, and have an annual income between $50,000 and $100,000. Also, Dholakia and
Kimes (2011) report that daily deal consumers may be less sensitive to the depth of daily deal
discount than is conventionally believed. They are interested in trying new products such as
new restaurants so as to have experience to talk about and influence others. Undoubtedly,
a deep discount is definitely one motivation for customers to try a new product. But this
motivation alone might not be strong enough for customers to eventually purchase the deep
discount deals if they perceive the quality of service product to be low. The perception
of the product quality shall also play a very important role in consumer’s purchasing deci-
sion. However, many service products listed on daily deal sites are experience goods (Nelson,
1974), whose quality is impossible to observe in advance and can only be ascertained upon
consumption.

In this paper, we aim to examine the signalling effect of daily deal promotion. We first
consider the commission rate— the revenue-sharing ratio— charged by the daily deal site as
exogenously given and then construct the model based on the repeat purchase mechanism.
Because a high-quality product is more likely to attract repeat purchases, an initial sale
is, ceteris paribus, more valuable to a high-quality service provider. Thus, such a service
provider would be more willing to offer a deep discount to attract an initial sale. Similar to
Milgrom and Roberts (1986), this relationship would then provide a basis for correlation of
quality with the net benefits of signalling. We show that if the low-quality service provider
cannot make a positive profit when its quality level is common knowledge, there exists a
separating equilibrium in which only the high-quality service provider would participate in
the daily deal promotion and customers infer that products offered in the promotion are of
high quality. Next, we show that the commission rate charged by the site plays an important
role in signalling quality. If the penalty cost from an unsatisfied customer is relatively large,
the daily deal site shall charge a commission rate that deters the low-quality service provider
from making money when its true quality level is revealed, to facilitate the signalling of the
high-quality service provider. Last, we show that if the contract between the daily deal site
and the service provider is a two-part tariff composed of a transaction-independent fixed
fee and a transaction-dependent commission rate rather than the revenue sharing with a
transaction-dependent commission rate, the high-quality service provider can always signal

its quality by offering daily deals. Moreover, if the variable cost of the low-quality service
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provider is not too large, signalling under the two-part tariff leads to a lower signalling cost
but a higher repeat purchase rate than those under the revenue sharing. Finally, it is worth
noting that although our paper aims at the startup service provider, our setting can also
be applied to those service providers launching a new product. And it is common that the
service provider only promotes a specific item (Dholakia, 2011a).

The remainder of this paper is organized as follows. Section 2 reviews the related litera-
ture. Section 3 describes the model setting and examines the signalling effect of daily deal
promotion. Section 4 extends the model by considering the commission rate as an endoge-
nous decision variable. We then study the signalling game by considering the two-part tariff
contract between the deal site and the service provider in section 5. Concluding remarks are

provided in section 6. All the proofs are relegated to the appendix.

2 Literature Review

Our work is closely related to the following streams of research. First, it is related to the
growing daily deal promotion literature. Dholakia (2011a, 2011b, 2012) conducts several
survey-based work to investigate the performance of daily deal promotion. Dholakia and
Kimes (2011), and Kimes and Dholakia (2011) find that both daily deal users and non-
users may exhibit similar loyalty patterns. Byers (2011) examines the influence of groupon
promotion on Yelp ratings. Ye et al. (2011) study the group purchasing behavior of daily
deals listed on Groupon and LivingSocial and construct a predictive dynamic model of
collective attention for group buying behavior. Kim et al. (2012) study the competition
between Groupon and Livingsocial. Kumar and Rajan (2012) analyze the profitability of
social coupons. They show that daily deal promotion does not necessarily yield profits for the
businesses. Subramanian (2012) studies when and why firms set the tipping point that should
be reached for the deal to be on. Li and Wu (2012) collect the data from Groupon and explore
how the social-network word-of-mouth and existing sales affect customers’ shopping behavior
as well as the merchant’s sales. Liang et al. (2013) consider the strategic customer behavior
in grouping-buying. They show that information updating on the number of participating
customers can increase the deal success rate as well as consumer surplus. Our study is
mostly closely related to Edelman et al. (2011) in which they examine two mechanisms by
which a discount voucher service can benefit affiliated merchants: price discrimination and

advertising. However, they focus on the daily deal promotion’ role of informing customers



about the existence of the merchants. Instead, we consider the signalling effect of daily deal
promotion by adopting the repeat purchase mechanism.

Next, our work is related to the existing literature on signalling unobservable product
quality. Much of the work in this research stream investigates how a merchant can provide
signals of its quality when its quality is unknown to consumers. Several signalling mechanisms
have been identified by previous literature such as price (e.g. Bagwell and Riordan, 1991
and Desai and Srinivasan, 1995), advertising (e.g. Nelson, 1974 and Milgrom and Roberts,
1986) and money back guarantees (Moorthy and Srinivasan, 1995). The work most closely
related to ours is Tirole (1989). Tirole (1989) assumes that customers are homogeneous
and shows that an introductory price that is lower than the production cost can serve as
a signal of product quality. We depart from his work in the following three aspects. First,
we study heterogeneous customers with a general distribution. Second, a firm signals its
quality by retail pricing in Tirole (1989) while in our paper, the service provider signals its
quality through offering promotional deals on the daily deal site. As a result, the service
provider under our setting has to pay a transaction-based commission to the daily deal site.
We find that the charged commission can facilitate signalling the quality level of the service
provider. Third, we also consider a situation under which the commission rate is endogenous.
In such a case we extend our basic model into a two-stage game which consists of a first-stage
screening game and a second-stage signalling game. For other related work, see the review
work of Kirmani and Rao (2000) and the references therein. Our paper contributes to this
stream of literature by showing that a service provider may signal its good quality through
another way: offering deep discounts.

Our work is also related to the stream of research on performance-based advertising.
Much of the existing work in this stream focuses on bidding strategy (e.g. Brint, 2003,
Jerath et al., 2009, Zhang and Feng, 2011, Laffey et al., 2009 and Malaga et al., 2010)
or bid-weighting mechanism (e.g. Feng, 2008 and Chen et al., 2009) in the sponsored
search advertising. Besides, Dellarocas (2012) studies the double marginalization effect in
the performance-based advertising channel and proposes two mechanisms to restore efficient
pricing. Srinivasan and Kwon (2012) investigate the option contracts between an online
advertiser and a publisher. We note that both Animesh et al. (2010) and Feng and Xie
(2012) consider the signalling function of performance-based advertising. Using data from
keywords search auctions, Animesh et al. (2010) examine the relationship between search

ranking and quality. They find that the high ranking firms are not always of high quality.



Feng and Xie (2012) compare the signalling effects between performance-based advertising
and impression-based advertising and show that if customers are unaware of the change in
advertising scheme or they are unable to infer expenditure of performance-based advertis-
ing, the performance-based advertising may fail to signal quality. In our work, the daily deal
promotion is also performance-based. The signal in daily deal promotion is the magnitude
of discount while the signal in Feng and Xie (2012) is the advertising expenditure. And in
equilibrium, the low-quality service provider will not do daily deal promotion in our case but
the low-quality one will still advertise in Feng and Xie (2012). Furthermore, we also consider
the scenario where the advertising fee (the commission rate in our case) is endogenous but
Feng and Xie (2012) do not.

The study on the advance selling mechanism is also related. Much of the previous work
on advance selling focuses on its role of homogenizing heterogenous customers and mitigating
the seller’s information disadvantage (e.g. Xie and Shugan, 2001; Fay and Xie, 2010; Nasiry
and Popescu, 2012). In the field of operations management, there is a growing literature that
considers the impact of advance selling on the seller’s inventory decisions (e.g. Cachon and
Swinney, 2009; Prasad et al., 2011; Swinney, 2011; Li and Zhang, 2013). In contrast, here

we consider a new advance selling channel, daily deal promotion and its signalling effect.

3 Model Setting

Consider a start-up service provider who plans to attract new customers by offering discount
promotion on a daily deal site in the first promotional period with an objective of maximizing
the net present value of its expected payoffs up to a finite T" time periods, where T' denote
the time gap between two consecutive promotions. The service provider does not offer the
discount promotions in the remaining 7' — 1 periods. In this paper, we define the length of a
time period as the average time between two consecutive purchases of a customer, say, the
average time length between two consecutive hair cuts or restaurant visits. Denote 0 as the
discount factor per time period. The regular retail price of the product, denoted by pyg, is the
price charged by the service provider in the non-promotional periods. The service provider
needs to determine the discount level 8 at which the promotional price is set at (1 — 8)po.
Note that the discount level on daily deal sites such as Groupon and LivingSocial is usually
more than 50% (Edelman et al., 2011), a level much higher than that offered by a traditional

coupon. Therefore, we impose a lower bound 3 on 3, that is, 5 < 8 < 1.
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Figure 1: Sequence of Events

The product is of either high (H) or low (L) quality with a corresponding quality level
of qug or qr. We assume that the start-up service provider knows the realized product
quality but potential customers do not. For ease of exposition, we assume that customers
on the daily deal site have no previous purchase experience about the service provider’s
product. And the service provider cannot credibly reveal its quality information to new
customers before they make initial purchase decision. We model this problem as a signalling
game. The sequence of events is depicted in Figure 1. First, nature chooses the product
quality of the service provider: j € {H, L}. Quality j is known by the service provider but
unobservable by customers. Next, the service provider decides whether to carry out daily deal
promotion and if it conducts daily deal promotion, it then decides the price discount level
B, B < B < 1. Then customers observe the discount and decide whether to purchase the deal.
By consuming the product, customers then gain the information about the product quality
and decide whether to repurchase the product in the following non-promotional periods in
which the regular price is charged. We assume that customers who do not purchase the deals
in the first period will not purchase the product in the non-promotional periods.

There is a unit mass of customers who are heterogenous in a parameter r, which represents
customer type and is continuously distributed over the interval [0, 1] with a cumulative
distribution F(-) and a probability density f(-). Let F(-) = 1 — F(-). Each customer type r
values the low-quality product at rq; and the high-quality product at rqy. Through direct
consumption of the service product, the customer gains information about the quality, and
then, if her valuation about the product is greater than the regular price, she will buy the

product in each of the non-promotional periods. Thus, when the quality level of a service



provider is g;, j = H, L, customer r will receive a total utility of
6(1 — 671 ,
rg; — (1= B)po+ —g 5 max {rg; —po, 0}, € {H, L},

(1) (")

where the first term is the utility she receives by purchasing the product through the daily
deal promotion and the second term is her net discounted utility if she repurchases the
product through the regular price afterwards.

Let the unit production cost of type j service provider be ¢;, j = L, H. We assume that
the high-quality service provider incurs a higher unit cost than that of the low-quality service
provider, that is cg > ¢r. For every unit of sold products, the service provider needs to pay
a proportion (0 < o < 1) of its revenue as a commission to the daily deal site. Thus, the
net profit margin of the service provider is (1 — a))(1 — 8)py — ¢; in the promotional period
and py — ¢; in non-promotional periods. Let 7;(3, J) denote the total expected profit of a
service provider with a discount level 5 and a quality level j that is initially perceived to
be of quality J, j,J € {H, L}. Furthermore, we define BLj, as the optimal discount level
that maximizes 7;(5, J). In the symmetric information case, J equals to j. However, in the
asymmetric information case, J may differ from j.

If customer r knows the product quality, she will buy it on the daily deal site as long as
rq;—(1—0B)po > 0, that is, r > (1—/)po/q;. Then the initial demand for the service provider’s
product can be derived as F((1 — 8)po/q;), 7 € {H, L}. We assume that qg > py > qr,
under which the value of service delivered by the low-quality service provider is not worth
the regular price. Consequently, only the high-quality service provider may attract repeat
purchases at the regular price when the quality information is common knowledge. This
assumption is realistic as through reading the consumer reviews on Yelp and TripAdvisor,
we find that customers do compare the value of the service they received with the price they
paid when judging the product quality. Examples of such kind of reviews include “ - - Most
of it didn’t seem very high quality relative to the price. Ended up paying $7.11 for some
mediocre sushi. - - -7 (http://www.yelp.com/biz/qfc-quality-food-center-seattle-17), “Good
food but incredibly overpriced relative to quality - - -7 (http://www.tripadvisor.co.uk), “ -- 1
would say it’s good for the price - - -7 (http://www.yelp.com.sg/biz/saveur-singapore). These
reviews imply that customers assess the service quality based on whether it is commensurate
with the price. Then in the non-promotional periods, customers repurchase only if the

product turns out to be of high quality: rqgy — po > 0. Thus, the demand size of repeat



customers can be derived as F(py/qx). Because the size of repeat customers (i.e. F(po/qu))
is smaller than that of the initial demand (i.e. F((1—8)po/qu)), the deal offered by the high-
quality service provider always attracts some deal-seekers who only purchase the product in
the promotional period (i.e. F((1 — B)po/qu) — F(po/qu)). Note that the initial demand
is increasing in the discount level while the size of repeat customers is independent of it,
therefore, the higher the discount rate the service provider offers, the more deal-seekers it

will attract. Then the expected profits of the high- and low-quality service providers are

mu(B, H) = [(1=a)(1=B)po —culF (%) +6(po — cu)F (5—;) , where § < 3 <1
(8. 1) = {gl—a)(l—6)po—cL]F(<1;§>po> Zhjzif wl<ps )

respectively, where § = 6(1 — 6771)/(1 — §). Note that 3 = 1 corresponds to the case of
free product/service. We assume that 7y (1, H) > 0. That is, the long-term profit of the
high-quality service provider is large enough to compensate any possible monetary loss in

the promotional period.

4 Quality Signalling with Exogenous Commission Rate

In this section, we study the quality signalling via the discount level by assuming that the
commission rate is exogenously given. Let \(3) denote the customers’ belief that a service
provider with a discount level § is of high quality. As the low-quality service provider makes
a negative profit when 5 > 1 — [cr/ ((1 —a)po)] (see (1)), the sequential elimination of
dominated strategies (Milgrom and Roberts, 1986) requires that customers believe that only
the high-quality service provider will offer § > 1 —[c1/ ((1 — a)po)], that is, A(5) = 1 for all
B >1—1cr/ ((1 —a)po)]. Thus we have the following lemma.

Lemma 1. In any separating equilibrium surviving the sequential elimination of dominated

strategies, N(B) =1 for all B > 1 —[cr./ (1 — a)po)].

Let 7r]+(6 , J) = max{m;(8, J), 0}. To signal its quality, the high-quality service provider
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needs to solve the following optimal problem:

(HQ) max mp(5, H)

st. w(B, H) < m (B, L), (2)
ﬂ-H(ﬁa H) 2 W;I(BJ{{’ L)> (3)
f<p<1

Below we will study the above quality-signalling problem (HQ) under the following three

possible production cost scenarios.

4.1 Case 1: ¢p > (1 —a)(1 — B)po

In this case, the low-quality service provider cannot make any profit per promotional transac-

tion regardless of whether it mimics the high-quality service provider, that is, max 7 (5, J) <
(8,

0, J = H, L. Thus, the sequential elimination of dominated strategies requires that customers

believe that only the high quality service provider will offer daily deals, that is, A(5) = 1 for

all 3 € [B, 1]. Then the quality-signalling problem (HQ) is reduced to

(HQ1) max 7wy (B, H)
st. wg(B, H) >0, (4)

Proposition 1. When ¢, > (1 — a)(1 — B)po, there exists a unique separating equilibrium
at which the high-quality service provider offers a daily deal promotion with a discount level

B* = B and the low-quality service provider will not conduct daily deal promotion. Customers’
belief is A\(B) = 1 for all B € [f3, 1].

As the low-quality service provider cannot make money per promotional transaction, it
has no incentives to conduct daily deal promotion. And because of the cost disadvantage
(1 —a)(1 = B)po < cr < cyr), the high-quality service provider also cannot make any profit
per promotional transaction. Thus, the optimal discount level offered by the high-quality
service provider is 3, the minimum discount level required by the daily deal sites. The
signalling cost, that is, the monetary loss incurred by the high-quality service provider in the
promotional period and the average repeat-customer acquisition cost are then respectively,

e — (1 - a)(1 — Bl F (O—q_fw> | ln— (- o= AplF (S5)
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Corollary 1. When ¢y, > (1 — a)(1 — B)po, both the signalling cost and the average repeat-

customer acquisition cost are increasing in «.

Undoubtedly, the higher the commission rate the service provider pays to the deal pro-
motion site, the higher signalling cost it incurs and the higher the average repeat-customer

acquisition cost.

4.2 Case 2: (1—a)qr <cp<(1—a)(1-=08)po

To facilitate the analysis of this scenario, we first provide the following lemma.

Lemma 2. When (1—a)qp < cp < (1—a)(1—8)po, the low-quality service provider cannot
make a profit by revealing its true quality, that is, max 7 (5, L) < 0.
BelB,1]

However, the low-quality service provider could make a profit by mimicking, which can

be expressed as

(B H) = [(1—a)(1— B —crlF (“‘q—f”’) where f< A<l (5)

As to the high-quality service provider, according to Lemma 1, only when § < 1 —
ler/ ((1 — a)pg)], customers may perceive the high-quality service provider to be the low-

quality one. Then, we have the following corollary.

Corollary 2. When (1 — «a)qr < cp < (1 —a)(1 = B)po, if the high-quality service provider
15 perceived to be of low quality, it cannot make money by conducting daily deal promotion,

that is, T (B, L) = 0.

According to Corollary 2 and Lemma 2, the quality-signalling problem (HQ) now is

reduced to

(HQ2) max u (B, H)

st. w8, H) >0, (6)
m(B, H) <0, (7)
B<p<1

The first constraint assures that the high-quality service provider will participate in a daily
deal promotion and the second constraint assures that the low-quality service provider will

not mimic.
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Proposition 2. When (1 —a)qr < ¢, < (1 — a)(1 — B)po, there exists a unique separating
equilibrium at which the high-quality service provider offers f* = 1—|cr/ ((1 — a)po)] and the
low-quality service provider will not do daily deal promotion. Customers’ belief is \(3) = 1
for-alt B € [1 — [ex/ (1~ a)p)]. 1] and A(8) = 0 for ail 8 € [B.1 ~ [en/ (1~ )po)]).

Proposition 2 implies that in equilibrium the low-quality service provider makes zero
profit by mimicking, and thus will not do daily deal promotion. Although the high-quality
service provider makes a negative profit over the promotional deal, it earns profits via the

repeat customers. As to the optimal discount level, we have the following corollary.

Corollary 3. When (1 — a)qr < cp < (1 —a)(1 = 8)po, B* is decreasing in ¢, and «.

Corollary 3 implies that as a decreases, the commission paid by the service provider to the
deal site decreases and thus it is more likely that the low-quality service provider can make
money by mimicking. Thus, to prevent the low-quality service provider from mimicking, the
high-quality service provider need offer a deeper discount. Although people criticize that the
discount on daily deal sites is too deep to be profitable for service providers (Brown, 2011),
Corollary 3 shows that when the low-quality service provider has a low variable cost, a steep
discount is necessary to signal quality.

Next, we derive the signalling cost incurred by the high-quality service provider in the

promotional period, the average repeat customer acquisition cost and the repeat purchase

i (e =) F (i P ()
(cyg —cp)F B , u )qH> and ——"7
(1—-a)gn F P_0> F (C_L>
qH (1-a)qn

Corollary 4. When (1 — a)qr, < ¢, < (1 — a)(1 — B)po, both the signalling cost of the

rate respectively as follows:

high-quality service provider and the average repeat customer acquisition cost are decreasing

in o whereas the repeat purchase rate is increasing in «.

Interestingly, Corollary 4 shows that a higher commission rate actually helps the high-
quality service provider as it incurs less signalling cost. The customer acquisition cost is also
reduced. It is worth noting that the above results are opposite to that of Corollary 1 due to
the fact that the optimal discount level is a function of the commission rate a here in case

2 but is independent of « there in case 1.
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4.3 Case 3: ¢, < min {(1 —a)qr, (1 —a)(1 — B)pg}

When ¢, < min {(1 — a)qy, (1 — a)(1 — 8)po }, the low-quality service provider can make a
profit per promotional transaction even by revealing its true quality, that is, m[ax (6, L) >
ﬂ7

0. Hence, the low-quality service provider will always participate in a daily deal promotion.

Then the quality-signalling problem (HQ) is reduced to

(HQ3) max mn (8, H)

st. w(B8, H) < m(BE, L),

Here the quality signalling problem (HQ3) is similar to the classic price-quality signalling
problem in which price is served as a signal of quality (e.g. Milgrom and Roberts, 1986)
except that the discount level here falls within a specified range. According to Milgrom and
Roberts (1986), the existence of separating equilibrium in case 3 depends on the shape of
the customer distribution F'(-) and often it may not exist. As here both types of service
providers can do daily deal promotion, daily deal promotion may not be a good tool to
signal product quality. Under such a scenario, the service provider may not aim to attract
repeat purchases but rather to fill its idle capacities or serve a different group of customers,
which is beyond the scope of this paper. Actually, in next section, we will consider the case
of commission rate as an endogenous decision variable and show that in such a scenario, it
is in the deal site’s self-interest to avoid case 3 to facilitate the signalling of the high-quality

service provider.

5 Quality Signalling with Endogenous Commission Rate

So far we have demonstrated that a daily deal promotion can serve as a signal of high quality
for a start-up service provider by assuming that the commission rate charged by the site is
exogenously given. However, in reality, a daily deal site may charge different commission
rates for different types of service providers. In this section, we consider such a scenario and
investigate how the daily deal site’s commission rate decision affects the signalling effect of

daily deal promotion.
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Consider a two stage game in which the daily deal site acts as the Stackelberg leader and
decides the commission rate « first. Next, the service provider decides whether to do daily
deal promotion. If it chooses to do daily deal promotion, it then decides the discount level.
The site then decides whether to accept the service provider’s offer. After that the signalling
game is the same as that in §4. Both the daily deal site and the customers do not know the
quality level of the service provider. Denote the prior beliefs of the site and the customers
that the service provider is of high-quality by As and A., 0 < A , Ao < 1, respectively.

We impose an upper bound @ on the commission rate as the outside option under which
the service provider will switch to other daily deal sites to conduct the daily deal promotion.
Thus « € [0,@]. Notice that the daily deal customers are normally affluent and care more
about the quality rather than the price, and some of them may even unsubscribe to the site
when the product quality is low (Dholakia and Kimes, 2011). Even for the deal-seekers, if
the service quality does not match their expectations, they are also disappointed and com-
plain. For example, in 2011, a Japanese restaurant offered a Groupon deal which attracted
many customers, some of whom may never come without the discount vouchers. However,
because the food quality was much lower than the average standard, the customers were so
disappointed that the CEO of Groupon had to issue an apology for this unqualified deal
(Koh, 2011). This example shows that in case the service quality of the deal provider turns
out to be low, the daily deal site does incur a loss of goodwill. We thus assume that if the
service provider is of low quality, the site will incur a penalty cost v per customer for its loss
of goodwill. Below we will study the aforementioned two-stage game under the following

two possible penalty cost scenarios.

Case 1: (1 —0)po < (1 —As)y
In this case, the deal site’s expected penalty cost from an unsatisfied customer (who
purchases from the low-quality service provider) cannot be compensated by its potential gain
from that daily deal transaction. Therefore, when quality information is common knowledge,
the deal site will accept a service provider’s offer if and only if (iff) it is of high quality and
the corresponding profit of the daily deal site, denoted by 7 is
) = alt - pywr (S0

But when quality information is asymmetric, the deal site then bears the risk of accepting a
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low-quality service provider and its expected profit can be written as

(@) = la(1 = 9 — (1= ) (U2, ®)

where g(A:.) = (1 — A\o)qr + Aeqr. Note that mi(a) < 0 as (1 — B)po < (1 — Xg)7y. Therefore,
the daily deal site shall not accept any offer if it is uncertain about the service provider’s

quality. Then the daily deal site’s optimization problem becomes

(5) max i (a)
st mu(Bu(a), H) <0, (9)
WH(BH(O{), H) > 0, (10)

where 3;(«) is the optimal discount level of the j quality service provider given the commis-
sion rate o, 5 = L, H.

Here the site uses the commission rate to screen the service providers so as to ensure that
only the high-quality one can afford daily deal promotion. Then the two-stage game reduces
to the one with a screening game at the first stage and a signalling game at the second
stage. We will solve this game via the backward induction. Below we first solve the second
stage signalling game. According to Tirole (1989), the signalling effect of a low introductory
price depends crucially on the assumption that the low-quality service provider cannot make

money by revealing its true quality. Thus we have the following proposition.

Proposition 3. When (1 — B)py < (1 — Ag)7, the commission rate charged by the deal site
shall be no less than ao, where ap =min {1 — [c/ ((1 = B)po)] .1 — (cr/qv)}-

When a < «q, the low-quality service provider can still make a positive profit when
quality information is common knowledge as shown by equation (1). Proposition 3 implies
that to avoid the high penalty cost of accepting a low-quality service provider, the deal site
shall charge a commission rate larger than ag. We note that in the United States one third
national daily deal websites have disappeared just in 2011 (Tutlle, 2011), owing to their
inability to exclude low-quality service providers. Henceforth, we only focus on the situation

that oy < a. Based on Propositions 1 and 2, we can easily obtain the following result.

Proposition 4. When (1 — B)py < (1 — X\s)y and a > ag, the low-quality service provider

will not conduct daily deal promotion. The high-quality service provider can signal its quality
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with the optimal discount level given by

- e, if1- mnda 1 — —<
Bafa) = { L~ T 1 30‘<mm{0‘ 1w )
B, zfl— ) <a<a.

Next the daily deal site decides the optimal commission rate to help screen the high-
quality service provider from the low-quality one. Denote the generalized failure rate of the

customer distribution by

Then we can obtain the following proposition.

Proposition 5. Assume (1—3)po < (1—=X,)7y. If qr > (1—3)po, the optimal commission rate

a* = a. Otherwise, if the distribution of customer type F(-) has an increasing generalized

failure rate (IGFR), the optimal commission rate is

-k ifan<1—2k and mi (1—CL)>7T (@),

af = ¢ ay, zfl—q—L§a1<aand7rs( 1) > i (a),

a, otherwise,

where o is the unique solution of

As the quality level of the low-quality service provider increases, it becomes harder to
prevent it from making money. Especially, when q; > (1 — 3)po, the site needs to charge
the highest possible commission rate. But when ¢, < (1 — 3)po, the optimal commission
rate may be an interior point, depending on the shape of F'(-). Note that most distributions
used in practise such as normal, uniform, exponential, Gamma and Weibull have the IGFR
property (Lariviere and Porteus, 2001), and this assumption has been widely-adopted in
the operations management literature (see Lariviere and Porteus, 2001 and the references

therein).

Case 2: (1 —B)po > (1= \,)y

Here the expected penalty cost from an unsatisfied customer is not so large such that it
is also beneficial to accept a low-quality service provider’s offer. In this case, the daily deal
site may charge a commission rate which is less than «g. In consequence, case 3 of §4 may

happen and the daily deal promotion may not be a good channel to signal product quality.
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In next section, we will show that if the daily deal site adopts the charging scheme of a
two-part tariff, case 3 of §4 can be avoided and the low-quality service provider will not offer

daily deals.

6 Two-Part Tariff

Some people criticize that the steep discount on daily deal sites gives too much value to
customers and not enough value to service providers (Dholakia, 2011a). Although the steep
discount is necessary to signal quality, our next question is: Does there exist other mecha-
nisms that can balance the value allocation between service providers and customers as well
as signal product quality?

It is observed that some daily deal sites like WooEB ADit Deals only charge service
providers a fixed payment to conduct their deal promotion while other deal sites like Groupon
charge the service provider only the transaction-based commission. Below we consider a
combination of the aforementioned two charging schemes, namely, a two-part tariff in which
the daily deal site charges the service provider both a fixed side payment A and commission.

To both reveal its quality level and maximize its profit, the high-quality service provider

needs to solve the following optimal problem:

(TQ) max (B, H) — A
st. wy(B, H) — A>max {my (8], L) — A, 0}, (11)
m(8, H) — A < max {m. (B[, L) — 4, 0}, (12)
B<B<t

Let H represent the feasible set of /5 that satisfies constraint (12), and denote H; =
{B|7TH<Ba H) = %E%WH(B’ H)}

Proposition 6. When max{r (8%, H), n (BE, L)} < A < myu(1, H),

1. there exists a separating equilibrium in which the high-quality service provider offers

any B € Hi, and the low-quality service provider will not do daily deal promotion.

A

Customers’ beliefs are \(B) =1 for € H, and A\(B) = 0 otherwise.

2. when c¢;, > (1 — a)(1 — B)po, B = B; when (1 —a)q, < ¢ < (1 —a)(1 — B)po,
B< 1= e/ (1= a)p)l.
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3. when ¢, > (1 —a)(1 — B)po, the repeat purchase rate under two-part tariff is the same
as that under the revenue-sharing commission charging scheme (see §4.1) but with a

higher monetary loss in the promotional period.

4. when (1—a)qp < ¢ < (1—a)(1—=8)po, the repeat purchase rate under the two-part tariff
is higher than that under the revenue-sharing commission charging scheme (see §4.2).
Moreover,if A < max 7(3, H), the signalling cost incurred in the promotion period
under the two-par’iwt’;;iﬁ 1s lower than that under the revenue-sharing commission

charging scheme (see §4.2).

According to Proposition 6, as long as the long-term profit of the high-quality service
provider from repeat purchases is large enough such that max{r (37, H), n (8, L)} <
mu(1, H), the daily deal site can choose a A € [max{r, (8], H), 7,.(8F, L)}, mu(1, H)) to
facilitate quality signalling. And if the variable cost of the low-quality service provider is
relatively large as in case 1 of section 4, the high-quality service provider incurs a larger
signalling cost under the two-part tariff than that under the revenue-sharing. But if the
variable cost of the low-quality service provider is medium as in case 2 of section 4, the
high-quality service provider can enjoy a high repeat purchase rate under the two-part tariff.
In addition, if the fixed payment is not too large, the signalling cost under the two-part tariff
is less than that under the revenue-sharing. Finally, if the variable cost of the low-quality
service provider is relatively low as in case 3 of section 4, the high-quality service provider
may not signal its quality under the revenue-sharing, but it can do so under the two-part

tariff as shown in part 1 of Proposition 6.

7 Conclusion

Daily deal promotion is positioned as an alternative to traditional advertising by some daily
deal sites such as Groupon. In this paper, we examine its quality signalling role. The high-
quality service provider offers a daily deal promotion at which it makes a negative profit
and hope to recoup such loss in future from repeat purchases. However, such promotional
loss cannot be recovered for the low-quality service provider. Thus a deep discount in a
daily deal promotion does imply good quality. Second, we show that if the expected penalty
cost from an unsatisfied customer is relatively large, the daily deal site has an incentive to

charge a high commission rate to facilitate the signalling role of the daily deal promotion.
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Due to the penalty cost of a dissatisfied subscriber, it is in the site’s self-interest to prevent
the low-quality service provider from doing daily deal promotion. Finally, we show that if
the deal site adopts the two-part tariff charging scheme, the high-quality service provider
can always signal its quality by offering daily deal promotion. Moreover, compared to the
revenue-sharing commission charging scheme, the repeat purchase rate under the two-part
tariff is higher but the signalling cost is lower when the variable cost of the low-quality service
provider is medium.

Our analysis is subject to limitations and leaves some interesting questions for future
studies. First, there is only one daily deal site in our model. One straightforward extension
is to consider competition among daily deal sites and examine the influence of competition
on the signalling role of the daily deal promotion. Another important area for future research
is to empirically test the relationship between daily deals and product quality over industries
so as to identify to which service industry signalling quality through daily deal promotion
is more favorable. Last, since it is well-established that traditional advertising such as
television and newspaper can also be used as a signal of quality, it may be interesting
to compare the consumer perceptions of the signal in daily deal promotion with that in

traditional advertising.
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Appendix

Proof of Proposition 1. By ¢y > ¢, and ¢ > (1 — )(1 — B)po, (1 —a)(1 — B)po < cq.

Then, for all 5 € [3, 1],

H _((1- 1—a)(l— _ 1—
0 H) (1 g (L) 10000 O el (=0
dp qu qm qu
As mg(1, H) > 0, constraint (4) holds for all 3 € [B, 1]. Therefore, the optimal solution of
(HQ1) is unique and equal to 3. O
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Proof of Corollary 1. Let

(1-B)po

<(1_,§)p0> s~ [cH—(l—a)(l—B>po]F( = )

P &)

my = [ex — (1= a)(1 = B)polF

S5

Then we can show that

dov
daq (1 - B)pOF
da F p_o)

O

Proof of Lemma 2. According to (1), m(5, L) > 0 iff (1 — a)(1 — B)po — ¢ > 0 and
B >1—(qr/po). When (1 — a)qy < cr, we have

N I

Do (I—a)po
Thus, if 5 > 1—(qz/po), then (1—a)(1—B)po—cr < 0. Consequently, 7 (5, L) < 0. O

Proof of Corollary 2. The customer segment r will buy the product of low quality only
if rqp, > (1 — B)po. When 8 <1—[c./ (1 —a)po)],

(1 - 5)270 > CL

> 1
qr. (1—-a)qr

- Y

where the last inequality is by the assumption of case 2 (¢ > (1 — a)gr). Therefore,
if customers perceive the product to be of low quality, they will not buy it if § < 1 —
ler/ (1 — a)pp)]. In consequence, my (5, L) = 0. O

Proof of Proposition 2. According to (5), the second constraint of (HQ2) requires 5 >

1—fer/ (1= a)po)]. By ea > cz, (1 —a)(1—B)po—cu < Oforall > 1—[cr/((1— a)po)]-
Therefore, for 3> 1 —[cr/ ((1 — a)po)],

drp(B, H) _ _(1— a)poF ((1 = ﬁ)po> LA =)= Bpo — cH}pof ((1 - B)po) “o
dp qH q

Thus 7y (B, H) decreases in . As wg(1, H) > 0, the first constraint of (HQ2) holds

for all 5 > 1 —[c/((1—=a)py)]. Hence, the optimal solution of (HQ2) is unique and

equal to 1 —[c./ ((1 — a)po)]. On the other hand, since m[@x]ﬂL(ﬁ, L) <0, the low-quality
BelB; 1

qH H
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service provider will not do daily deal promotion. The separating equilibrium described in
Proposition 2 is supported by the customers’ beliefs: A(5) =1 for 8> 1 — [er/ ((1 — a)po)]
and A\(8) =0 for 5 <1—[er/((1—a)po)]- O

Proof of Corollary 3. It can be easily shown that

dﬁ* 1 dﬂ* Cr,

dey, (1 —a)po =0 an da (1—a)?po

I

|
A
o

Proof of Corollary 4. Let

= (cy —cp)F
me = (cy — cr) = alan

Then we can show that

dm Cyg —cL)c c
e :'ﬂf—w%;fQ1—3%><a
day (c —cr)enf <(1f§)qH> .
da (1—04)2qHF<5_2> <0,
ol (3)1 ()
do (1 — a)2qy F? ((1—Cof)qH>

]

Proof of Proposition 3. When quality information is common knowledge, the site will
charge a commission rate such that the low-quality service provider cannot make money by
revealing its true quality. According to (1), 7(8, L) > 0 iff (1 —a)(1 — B)po —cr > 0
and 3 > 1— (gz./po). Thus, only when max{1 — (qz/po), B} < 8 < 1— (lex/ (1 = a)po))],
(B, L) > 0. Therefore, the low-quality service provider can make a profit by reveal-
ing its true quality iff max{1 — (¢z/po), B} < 1 — [c/((1 —a)po)], that is, a < ap =
min {1 — [cr/ ((1 = B)po)] . 1 — (cr/qr)}. Consequently, the site shall not charge a com-

mission rate smaller than . O

Proof of Proposition 4. When (1—5)py < (1—X\;)vy and o > v, according to Proposition
3, the low-quality service provider cannot make a profit by revealing its true quality. The

high-quality service provider just need to offer a discount level which can signal its quality.
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When 1 — [cL/ (( )po)} < a < a, according to Proposition 1, By(a) = 3. When
1—(cr/qr) <a< mm{a, 1— [cL/ ((1 — B)po)]}, (1—a)q <cp < (1 —a)(l—B)po and
according to Proposition 2, fy(a) = 1 — [e/ ((1 — a)pg)]. The results then can be easily
derived. O

Proof of Proposition 5. First assume g, > (1—3)py. Then 1—(cr/q) > 1—[cr/ ((1 — B)po)].
Thus, ap = min {1 — [ez/ (1 = B)po)],1— (cr/ar)} =1 — [er/ ((1 = B)po)]. According to
Propositions 3 and 4, By (a) = 3. Then, the daily deal site’s problem is reduced to

0y

a€la,al qH

max 7 (a) = a(l — B)poF (
Thus, a* = a.

Next assume that q;, < (1 — 3)po. Then g =1 — (¢r./qz). Thus,

1 —

Bu(a) = (la)

, 1f1—q—z<oz<m1n{d 1—(1_5)170},

The daily deal site’s problem becomes

QcCy, CL g - CLJ
max 7rH(Oé) (1- a)F <(1 a)qH) i = i S s min {047 : Uiﬁ)po} ’ (13)
aEloo.a] a(l — B)poF <% , Hl-glhg sasa

Below we first consider the scenario @ <1 — [c1/ ((1 = B8)po)]. Then (13) can be rewritten

as

H acr = Cr L _
max m, (o) = F ,a€e |1—— af.
L™ () (1—-a) <<1—a)qH) [ qr }

Then the first order condition of 7 () can be derived as

= e ()~ e (=) =

which can be rewritten as

dﬁgoga) B ELQ)2F ((1 —C;)QH> (1 ah <<1—Cﬁ>> - .

dh <(1*Ccf)qH) CrL / < CL
(

= h
da (1—a)qy 1— a)qH> >0,

Note that
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because F(+) has the property of the IGFR and h(x) is increasing in z. Thus, ah(cr/ ((1 — «)) qn)
is increasing in o. Therefore, the left side of (14) crosses zero once from above and 7 () is

unimodal. Let oy denote the optimal solution of (14). Then, we have

— C—L, if o < 1— C—L,
qL qL
o =< ay, ifl - <a<a, (15)
a, if a; > a.

Next we consider the scenario @ > 1 — [c1/ ((1 = 8)po)]. According to (13), 77 (a) is
increasing in a for 1 — [c,/ ((1 — B)po)] < @ < @, and is unimodal in « for 1 — (c/qr) <
a<1—[e/((1=B)po)]-

When oy > 1 — [e/ ((1 = B)po)], it can be easily shown that 7 (a) is increasing in «,
thus o = @ But when oy < 1— [c1/ ((1 — B8)po)], depends on the value of oy, we have

— L, ifa1<1—c—Land7rH(— L) >, @),
o =< ay, if1—<% <o) <aand T, ( 1) > wi(@), (16)
a, otherw1se.

It is worth noting that when & < 1 — [cr/ (1 = B)po)], 72 (1 = (cr/qr)) > 7H(a) if oy <
1—(cr/qr) and 78 (ay) > wH(a) if 1 — (c1/q1) < a1 < @, thus (16) can be reduced to (15).

Therefore, (16) is the general expression of the optimal commission rate. O

Proof of Proposition 6. When max{r (87, H), 7,(BE, L)} < A < 7g(1, H), the quality-
signalling problem (7 Q) is reduced to

st. wu(B, H) — A>max{my (8], L)— A, 0}, (17)
w8, H) — A<0 (1s)
G<p<1

By the definition of H and H;, 3 satisfies the constraint (18). Therefore, to validate that
B is the optimal solution, we only need to check that B also satisfies constraint (17). As
7(1, H) = —c,F(0) <0, 3=1¢€H. By my(1, H) — A > 0 and the definition of 3, we
have 7wy (3, H) — A > ny(1, H) — A > 0. Moreover,

L +5(p0—CH)F(p—°) Zfﬁ>max{ﬁ, 1_3_;}7
(B L) = [(1_a)<1_6)%_CH]F((lzf)po)+5(P0—CH)F(( 20, if maX{ﬁ 1— ‘IL}
<B<1—$
v otherwise.
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Thus

(6, 1) = (5, 1) 2 (1= a1 = P — ) [F (L000) p (U2 g

Asm(BE, H) < A, B# € H. Consequently, i (3, H)—A > ng(B2, H)—A > ny(BE, L)—
A.

Next, we prove that given the customers’ beliefs )\(3) =1for f € H, and A(B) = 0
otherwise, the strategy in which the high-quality service provider offers B and the low-
quality service provider does not offer deals can form a separating equilibrium. First, as
7L(BE, L) < A, the low-quality service provider cannot make money by revealing its true
quality. Thus, it shall not offer g ¢ H given A\(8) = 0 for 5 ¢ H. If the low-quality service
provider offers a 3, B € H, then by constraint (18), it also cannot make money. Therefore,
the low-quality service provider has no incentive to conduct daily deal promotion. On the
other hand, by the definition of B , the high-quality service provider also has no incentive to
deviate from B .

Recall that if ¢;, > (1 —a)(1—F)po (case 1 in $4), the low-quality service provider cannot

make a profit per promotional transaction. Then max 77 (5, H) < 0 and so the constraint
BeB,1]

(18) holds for all 8 € [3, 1]. Furthermore, according to Lemma 1, customer shall believe
that only the high-quality service provider may offer daily deals, that is, A(5) = 1 for all

B €8, 1]. Thus if ¢, > (1 —a)(1 — 8)po, the optimization problem (7 Q) can be reduced to

max (B, H) — A
st. wu(B, H)—A>0,
B<B<

As (1, H) > A, the optimal solution of the above optimization problem exists. Therefore,

the optimization problem (7 Q) can be further reduced to max my (8, H). Note that the
pelB, 1]
optimization problem (HQ1) can also be reduced to max 7y (3, H). Thus, if ¢, > (1 —
Be(B, 1]

a)(1 — B)po, according to Proposition 1, B=p*=4.

If (1—-a)qr < e < (1—a)(1—5)po, when 8 > 1—[c/ (1 — a)po)], (1—a)(1—B)po—cr <
0, thus

qu

wu(8. H) = [(1— a)(1 - B)po — ca)F (ﬂ) <0 (19)
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Therefore, [1 — [c./ ((1 — a)po)], 1] € H. Furthermore, we can show that when f§ > 1 —
[en/ (1 = a)po));

dry (B, H)
dp

(1- ﬁ)po) LA =)A= B)po = cH]pof ((1 - B)po)

= —(1- a)pOF (
qu qH qu

B (T R (E T B

- qu qH qu

therefore, 3 < 1 — [er/ (1 — a)po)].

When ¢, > (1—«)(1—/)po, under the two-part tariff, the monetary losses incurred by the

high-quality service provider in the first period and the repeat purchase rate are respectively

_[(1—61)(1—5)]90—01%]]5 (%)—I—A and %,

where B = /3. Compared with those obtained in §4.1, it can be easily shown that the repeat
purchase rate under the two-part tariff is the same as that under the revenue-sharing charging
scheme. As A > 0, the signalling cost under the two-part tariff is higher than that under
the revenue-sharing charging scheme.

When (1 —a)qp < e, < (1—a)(1 = B)po, <1 —ler/ ((1—a)po)], then
P )
P F (o)

Furthermore, the expected profit of the high-quality service provider in the promotional

period is

(1= a)(L = B)po — eu]F <m> — A,

qH
where the first term is its profit from daily deal transactions and the second term is the fixed

fee charged by the daily site. From (5), as ¢y > ¢p,

qH

(1= a)(1 = B)po — cu) F (%) < (B, H).

According to the definition of B, constraint (18) holds at f = A, that is, WL(B, H) < A
Thus,

qH

(1= a)(1 = B)po — ] F <m> — A <0,
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which implies in equilibrium, the high-quality service provider incurs monetary loss in the

promotional period. And the absolute value of its monetary loss is

—[(1 = a)(1 = B)po — cu]F (M) + A

qH

Then if max 7;(8, H) > A, by the continuity of 7 (3, H), there exists a 3y € [3, 1] such
Be(B, 1]

that 7 (8o, H) = A. Then By € H. According to (19), 7.(8, H) — A < —A < 0 for all
B>1—[cr/((1—a)py)]. Thus, By <1—[cr/ (1 —a)py)]. By the definition of 3, we have

mu(B, H) = [(1—a)(1—B)po— culF (m)

+A

qH
— o)1 — 7 (1 — Bo)po —
> [0 )1~ fun — el () s, ),
Thus,
5 (=B | & = (L= Bo)po

—[(1 = a)(1 = pB)py — cy|F (Q—H) +A < —[(1—a)l—Po)po— cu)F (—QH )
= (cg—cp)F (%) —7(Bo, H) + A
— (en—c)F (—(1 _q§0)p0)
e (e

Therefore, when max 7 (8, H) > A and (1 — a)q;, < ¢ < (1 — @)(1 — 3)po, the signalling
BeB, 1]
cost of the high-quality service provider under the two-part tariff is smaller than that under

the revenue-sharing charging scheme. O]
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