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Abstract

Two-sided platforms, such as labor marketplaces for hiring freelancers, typically generate revenue by matching
prospective buyers and sellers and extracting commissions from completed transactions. Disintermediation,
where sellers transact off-platform with buyers to bypass commission fees, can undermine the viability of
these marketplaces. Although circumventing the platform allows sellers to avoid commission fees, it also
leaves them fully exposed to risky buyers (given the absence of the platform’s payment protections) and
incurs switching costs (given the absence of the platform’s transaction infrastructure). In this paper, we con-
sider interventions for addressing disintermediation, focusing on the pricing and informational levers available
to the platform, where the latter refers to the accuracy of the signal sellers receive about buyers’ riskiness.
First, while intuition suggests platforms should counter disintermediation by lowering commission rates, in a
high-information environment a platform may be better off raising them. Further, when information quality
is high, an increase in sellers’ switching costs may hurt platform revenue. Finally, a platform may strictly
benefit from sellers receiving a partially-informative buyer signal (i.e., not perfectly revealing nor concealing
a buyer’s riskiness), particularly when switching costs are low. As extensions, we examine the efficacy of
two interventions: implementing platform-access fees to capture revenue upfront and banning sellers caught
disintermediating. Overall, our results shed light on how disintermediation disrupts platform operations and
offer prescriptions for platforms seeking to counteract it.

1 Introduction

Two-sided platforms that generate revenue through commission fees are vulnerable to disinterme-
diation, where buyers and sellers transact off-platform to avoid paying the commission. Disinter-
mediation can lead to significant revenue losses — the talent outsourcing platform ZBJ estimates
that up to 90% of their service providers’ transactions may occur off-platform (Zhu et al. 2018). In
extreme cases, disintermediation can threaten the viability of the platform itself — for example, the
demise of home-cleaning platform HomelJoy in 2015 has been partly attributed to disintermediation
(Farr 2015). Although disintermediation is difficult to detect, there is growing empirical evidence

of it occurring in multiple online marketplaces (Lin et al. 2022, Karacaoglu et al. 2022, Gu 2024,
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Chintagunta et al. 2023). These risks are well-recognized by platforms: Airbnb explicitly warns
hosts of buyers attempting to pay through alternative channels (Airbnb 2023b), and the freelance
platform Upwork encourages users to report attempts at circumvention (Upwork 2023a). However,
platforms’ efforts to clamp down on this behavior have been less than successful (Chintagunta et al.

2023), as also acknowledged by Upwork in a recent 10-K filing:

“Despite our efforts to prevent them from doing so, users circumuvent our work marketplace and
engage with or take payment through other means to avoid the fees that we charge, and it is

difficult or impossible to measure the losses associated with circumvention.” (Upwork 2024b).

Given the limited efficacy of such enforcement measures, effectively addressing disintermediation
requires an understanding of what drives sellers to transact off-platform in the first place. Nat-
urally, the platform’s commission rate can play a major role in sellers’ inclination to circumvent
the marketplace, as it can amount to a substantial share of their earnings.! However, although
disintermediating allows sellers to recoup commission fees, it also entails giving up the benefits of-
fered by the platform, including transaction support and policies that protect sellers against risky or
even fraudulent behavior by buyers. With respect to the latter, such protections are commonplace:
Airbnb insures hosts against property damage by guests (Airbnb 2023a), Upwork holds payments
in escrow to safeguard freelancers (Upwork 2023c), and eBay protects sellers against various forms
of buyer fraud (eBay 2023). In deciding whether to disintermediate, sellers must therefore weigh
the benefits of avoiding commission fees against full exposure to risky buyers, in addition to the

switching costs induced by forgoing the platform’s infrastructure (Hagiu and Wright 2024).

Whether a seller decides to transact off-platform depends on their assessment of buyer riskiness. In
online marketplaces, sellers’ trust in buyers depends on the quality of information they obtain via
the platform. Thus, to encourage on-platform transactions, many platforms include communication
tools and reputation systems for both buyers and sellers. However, high information quality can
also improve sellers’ ability to screen risky buyers (Jin et al. 2025), diminishing the value of the
platform’s protections. Under the threat of disintermediation, the directional impact of information
on platform revenue is therefore unclear — while to some extent necessary to facilitate on-platform
transactions, high information quality may also increase the attractiveness of circumventing the

platform entirely (Gu and Zhu 2021).

The quality of information that sellers obtain about buyers, whether through reputation systems

or direct communication, varies by platform and context. Ratings may be unreliable or prone to

!For example, Airbnb hosts pay a commission of 14-16%, Upwork charges its freelancers up to 15% of their revenue,
and Fiverr charges a commission rate of 20%.



inflation, reducing their usefulness in differentiating users (Nosko and Tadelis 2015), and users may
also be imperfect in their ability to interpret ratings (Tadelis 2016). Additionally, communication-
related policies differ across platforms: Airbnb algorithmically blocks email addresses and phone
numbers in their on-platform chat until bookings are confirmed, while Upwork prohibits sharing
contact information, but does not block it. A key question, then, is how the quality of information
available to sellers shapes market outcomes in the face of disintermediation. Moreover, the trade-off
between trust and disintermediation suggests that platforms may benefit from carefully controlling

the information available to sellers, to the extent doing so is practical.

How might platforms alter their pricing strategy to respond to disintermediation? Reducing com-
mission rates may encourage on-platform transactions, but also needlessly sacrifice revenue if some
degree of disintermediation is inevitable. Fundamentally, disintermediation poses a challenge to
commission-based platforms due to a misalignment between the platform’s value proposition (con-
necting sellers to buyers) and its pricing strategy (charging for completed transactions). Recognizing
this gap, some platforms eschew commission fees and instead charge sellers for access to buyers — for
example, the home services platform Thumbtack charges sellers for inquiries from potential buyers
(“leads”) (Thumbtack 2023), and the caregiver platform Care.com charges service providers for the
ability to exchange messages with prospective clients (Care.com 2023). Clearly, charging sellers
access fees upfront reduces the incentive to disintermediate, but its revenue implications are less

clear, as some sellers may be unwilling to incur the cost of entry.

1.1 Contributions

This paper examines how disintermediation impacts the operations of two-sided platforms and strate-
gies to address this phenomenon, with a focus on the platform’s pricing and informational levers. In
our model, heterogeneous sellers set their prices in an online (i.e., on-platform) transaction channel
prior to being matched to a buyer. The platform charges the seller a fixed fraction of the price if the
transaction is completed online. Alternatively, a seller may attempt to bypass the commission by
negotiating an off-platform price with the buyer and completing the transaction in an offline chan-
nel, if doing so is mutually beneficial net of a seller-side switching cost. Buyers’ types are private
information; in particular, risky buyers impose higher transaction costs on sellers in both channels,

2 To capture information quality, we assume

and also do not pay sellers when transacting offline.
the platform has a technology that generates, with varying degrees of accuracy, a noisy signal of the

buyer’s type, which the seller observes after selecting their online price and prior to their choice of

2This approximates a variety of payment-related risks that buyers can pose to sellers off-platform. For example, on
Upwork, clients may pose risks such as declined payment, delays in payment, chargebacks, client bankruptcy, or
fraud, all of which Upwork protects freelancers against only if they transact on-platform (Upwork 2024b).



transaction channel.

Within this setup, we aim to analyze how the threat of disintermediation forces platforms to recon-
sider their core design decisions to combat sellers’ incentives to transact offline. Specifically, we focus
on information quality (which facilitates trust) and pricing strategies by examining the following

questions:

1. How does a platform’s vulnerability to disintermediation impact its choice of commission fee,

and consequently, its revenue? (Section 3)
2. What is the platform’s optimal information policy in light of disintermediation? (Section 4)

3. In what environment should the platform adopt access-based pricing over commission fees?

(Section 5)

Our main results are summarized as follows. First, intuition might suggest that the platform should
set a low commission rate to combat disintermediation. Yet, we show that when sellers can easily
transact off-platform, the platform’s optimal commission rate may be higher than when they cannot.
This result is a consequence of which transactions the platform chooses to capture value from.
Specifically, a platform that is more vulnerable to disintermediation (i.e., low switching costs) must
decide whether to prevent circumvention entirely, which requires restricting its commission rate, or
to permit disintermediation for some transactions and maximize revenue from those that remain
on-platform, which frees the platform to increase its commission rate. We find the latter strategy is

optimal when information quality is sufficiently high.

Moreover, when the platform is already prone to disintermediation, an increase in sellers’ switching
costs can further decrease revenue. In short, this occurs because sellers pass on the switching cost to
on-platform buyers in the form of higher prices and continue to transact off-platform, which hurts
the platform by depressing demand. This suggests that interventions that increase sellers’ perceived
cost of disintermediation (e.g., adding transaction-related features) without substantively deterring

it may undermine platform revenue in equilibrium.

Our findings above suggest that the accuracy of information available to sellers (regarding buyers’
riskiness) plays a central role in determining how platforms respond to the threat of disinterme-
diation. Motivated by this, we analyze a setting where the platform can control the information
provided to sellers, and characterize when a no-, full-, or partial-information disclosure policy is
optimal. In short, we show the optimal policy depends on the competing effects induced by in-
formation: higher information quality boosts the volume of on-platform transactions and leads to

more revenue-efficient pricing by sellers, but also weakens the platform’s pricing power by raising



the threat of disintermediation. We show how the relative strength of these two effects shapes the

platform’s optimal information policy.

Lastly, we examine the efficacy of access-based pricing, in which sellers are charged upfront to join
the platform instead of paying commission fees. By design, access fees immunize the platform against
disintermediation by removing the incentive to transact offline. Despite their promise, however, we
find that access fees can fall short of the optimal revenue under commissions, depending on the
degree of heterogeneity in sellers’ qualities. This result speaks to the prevalence of commission fees

in practice, despite their vulnerability to disintermediation.

In addition, we extend our model to consider (i) switching costs for buyers, (i7) banning sellers who
are caught disintermediating, and (i77) repeated transactions between buyers and sellers. Overall, our
findings build on a recent and growing body of empirical work on quantifying disintermediation (He
et al. 2020, Gu and Zhu 2021, Karacaoglu et al. 2022, Astashkina et al. 2022, Gu 2024, Chintagunta

et al. 2023) by exploring prescriptions for counteracting it.

1.2 Related Work

Disintermediation. In its most general sense, disintermediation refers to the circumvention of market
intermediaries, and has been studied in a number of contexts, including supply chains (Ritchie and
Brindley 2000, Federgruen and Hu 2016). Our work bears some similarity to prior work on the cost-
benefit trade-off of intermediation in supply chains and other operational settings (e.g., Agrawal
and Seshadri (2000), Belavina and Girotra (2012)), although our focus is on platforms that mediate

transactions between individual users, rather than firms.

Recently, there is a growing recognition of the threat posed by disintermediation (or platform leakage)
to a variety of two-sided platforms. For the most part, the extant literature on platform disinter-
mediation is empirical, and uses novel identification approaches to quantify this phenomenon (He
et al. 2020, Gu and Zhu 2021, Gu 2024, Astashkina et al. 2022, Karacaoglu et al. 2022, Lin et al.
2022, Chintagunta et al. 2023). For example, Gu and Zhu (2021) use a randomized control trial
to find evidence of disintermediation on a large outsourcing platform, Karacaoglu et al. (2022) use
data from a home cleaning platform and estimate that the platform loses out on 24% of potential
transactions due to disintermediation, and Lin et al. (2022) find the rate of disintermediation on
Airbnb to be around 5.4% based on data from Austin, Texas. Our work is especially related to Gu
and Zhu (2021), who find that providing more information about freelancer quality positively im-
pacts the volume of transactions, but also increases the likelihood of disintermediation. Our model

provides analytical support for the empirical results in Gu and Zhu (2021), and further sheds light



on the impact of information quality on a platform’s revenue and commission rate.

On the modeling side, He et al. (2023) study drivers of disintermediation and investigate the impact
of risky sellers under-delivering in two settings: when platforms provide perfect information, or no
information at all. In contrast, the risk in our model stems from nonpayment by buyers, and
we model information as a continuous parameter. They also propose mechanisms that platforms
can implement to avoid disintermediation (e.g., upskilling sellers), whereas we consider pricing and
information quality as levers to address disintermediation. Hagiu and Wright (2024) also present a
model for platform disintermediation, although their setting differs in a few notable ways: there is no
private information on either side of the market, buyers are homogeneous and have zero bargaining

power over the off-platform price, and sellers face no risks from transacting offline.

Information disclosure in platforms. Our paper is related to a growing literature on how information
influences the decisions of platform users, which has consequences for social welfare or platform
revenue. Papanastasiou et al. (2018) show that strategically withholding information from consumers
can induce exploration of new or alternative products in a manner that ultimately improves consumer
surplus; similarly, Gur et al. (2023) consider how information can be used as a lever to influence
sellers’ prices, also with the aim of improving consumer surplus. In a similar vein, Kanoria and
Saban (2021) show that matching markets (e.g., dating platforms) can improve welfare by hiding
the quality of users. With respect to platform revenue, Bimpikis et al. (2024) and Shi et al. (2023)
describe mechanisms through which mislabeling high-quality sellers can benefit the platform, and
Jin et al. (2025) and Johari et al. (2019) identify conditions under which it is revenue-maximizing
for platforms to filter out low-quality users. More generally, there is a burgeoning literature on
information design in a variety of operational contexts (Bimpikis and Papanastasiou 2019, Bimpikis
et al. 2019, Lingenbrink and Iyer 2019, Candogan and Drakopoulos 2020, Drakopoulos et al. 2021,
Liu et al. 2021, Ma et al. 2024, Anunrojwong et al. 2023, Bimpikis and Mantegazza 2023, Bimpikis
et al. 2025). Our paper contributes to this literature by considering a new mechanism through which

information shapes platform revenue, namely, disintermediation.

Commissions vs. upfront pricing. Platform designers often have a wide range of pricing levers
at their disposal, and characterizing the trade-offs between the different mechanisms is an active
area of study. For instance, there is a rich literature on advance selling that predates online market-
places (Xie and Shugan 2001, Randhawa and Kumar 2008, Cachon and Feldman 2011), and it is now
well known that a monopolist firm can often extract more revenue from subscriptions than per-use
pricing. However, in the case of two-sided platforms with heterogeneous users, the effectiveness of

upfront pricing may suffer by excluding users who are uncertainty averse (Edelman and Hu 2016) or



derive low utility from the platform (Birge et al. 2021, Cui and Hamilton 2022). As a consequence,

commissions remain the de facto pricing strategy in most modern marketplaces.

Naturally, a number of papers have looked at how platforms should set these commissions and
whether they should be coupled with other mechanisms, e.g., a fixed fee (Benjaafar et al. 2019,
Hu and Zhou 2020, Feldman et al. 2023, Cachon et al. 2025). For instance, Cachon et al. (2025)
consider how pricing control (i.e., whether the platform or sellers set prices) impacts the performance
of commission and per-unit fees, and show that a two-part tariff that combines them performs well
in both centralized and decentralized marketplaces. Birge et al. (2021) identify conditions under
which it is optimal for platforms to use subscriptions or commissions, and show that platforms can
lose out on revenue by not charging payments from both sides of the market. Our focus is on how the
threat of disintermediation influences both the optimal commission rate and the efficacy of upfront
pricing, in part motivated by recent interest in the interplay between pricing, information, and
distortions in platform operations (Belavina et al. 2020, Mostagir and Siderius 2023, Papanastasiou

et al. 2023).

2 Model

Consider a platform with a unit mass of sellers that are heterogeneous in quality. Let ¢ € {L, H}
index the sellers’ types, where a type-i seller’s quality is ¢; and where gz > qr, > 0. Let p € [0, 1]
be the share of sellers that are type-H. Seller quality is public information and all sellers earn a
reservation profit of 0 off the platform. As in many two-sided marketplaces, each seller chooses their

own price p for transactions completed on the platform.

Each seller is randomly matched to a buyer. Buyers are heterogeneous in their quality sensitivity,
0, where a buyer with sensitivity 6 has valuation v = fq for a quality-¢q seller. We assume 6 is
distributed uniformly in [0, 1] and that the distribution is common knowledge. Each buyer belongs
to one of two types — risky or safe — where a buyer’s type is private information and indexed by
j € {r,s}. The buyer type influences sellers’ costs in two ways. First, a type-s buyer imposes lower
transaction costs on sellers both online and offline, ¢; < ¢,; for simplicity, we assume ¢, = 0 and
¢r = ¢ > 0. Second, a type-s buyer pays sellers in full in both transaction channels, whereas a type-r
buyer does not pay if the transaction occurs off-platform.? A buyer is type-s with probability A,
which is known to sellers and the platform and is independent of the buyer’s quality sensitivity 6.

We focus on a setting where a minority of buyers are risky by assuming A € [%, 1].

30ur results extend to a setting where the type-r buyer instead pays offline with probability § € [0, 1).



The platform selects a commission rate vy € [0,7™], where 4™ < %.4 For a transaction completed on
the platform at price p, the seller and platform receive (1 — +)p and vp, respectively. The platform
has a technology that generates a noisy signal o of the buyer’s type, where o € {r,s}. We use
“type-j” to refer to a buyer’s true and private type, and “o = j” to refer to the buyer’s label from
the platform signal, where j € {r,s}. To capture variability in the signal’s accuracy, we assume the
signal correctly reveals the buyer’s type with probability a € [%, 1], where « is known to all parties.”®

We refer to a as information quality.

Each buyer-seller pair chooses between two transaction channels: they may transact online (i.e., on-
platform) at the seller’s posted price p, or transact offline (i.e., off-platform) at a different, mutually
beneficial price b, if such a price exists. More precisely, we model the offline price b as the solution
to a symmetric Nash bargaining game (Nash 1953, Binmore et al. 1986), which in our setting is the
price that maximizes the product of the buyer’s and seller’s surpluses from disintermediating (see
Section 2.2). The outcome if price negotiation fails (i.e., the disagreement point of the bargaining
game) is to transact online at price p, which is set by the seller prior to accepting the buyer and is

thus fixed at the time of negotiation.

Lastly, sellers incur a switching cost of ¢ > 0 if they disintermediate, which represents the relative

inconvenience of transacting off-platform.

Timeline. The sequence of events is as follows:
1. The platform sets the commission rate ~.
2. Each seller chooses their online price p.

3. Each seller is randomly matched to a buyer. After observing the seller’s price p, the buyer
decides whether to contact the seller to initiate a transaction. (If the buyer does not make

contact, no transaction occurs.)

4. Each contacted seller observes a noisy signal o of the buyer’s type, updates their belief of the
buyer’s type, and decides whether to transact with or reject the buyer. (If the seller rejects

the buyer, no transaction occurs.)

5. If a seller accepts the buyer, both parties attempt to negotiate an offline price, b. The trans-
action occurs offline at price b if the negotiation succeeds; otherwise, the transaction occurs

online at price p.

4We upper-bound the maximum commission rate by % for analytical convenience. Our results continue to hold using
4™ <1 — ¢ for any € > 0 if Assumption 1 is modified to include gz > 2¢/e.

5Note the assumption that o > % is without loss of generality, because a signal with accuracy a < % is equivalent to

one with accuracy 1 — a with the buyer type flipped.



In the third step, we assume buyers only contact sellers to initiate a transaction if the online price

yields non-negative utility for the buyer (i.e., g > p).%

2.1 Model Discussion

Our work is primarily motivated by the prevalence of disintermediation in online labor platforms
for hiring freelancers. Our stylized model aims to capture the key drivers of disintermediation for
sellers — specifically, trust in buyers and the cost of transacting off-platform — and abstracts away
from many nuances in the exact operations of these marketplaces. Below, we briefly comment on

how our key modeling choices relate to practice and their limitations.

Information quality. The variability in the platform’s signal accuracy a € [%, 1] reflects the fact that
platforms may differ significantly in the informativeness of their reputation systems (Garg and Johari
2021), or in the level of inflated or fraudulent reviews (Filippas et al. 2022, Donaker et al. 2019). For
example, the pet-sitting platform Rover does not allow sitters to rate owners, which corresponds to
an uninformative signal (« & %), whereas Upwork displays aggregate client information such as the
total number of jobs and average rating (intermediate a). In contrast, the freelance platform Fiverr
publicly displays the reviews received by a buyer on their profile in addition to awarding “badges” to
high-spenders (large «). Moreover, because the accuracy of the “safe buyer” signal o = s increases

in «, one can interpret « as a proxy for the level of trust between users (in our case, that sellers have

in buyers), which has been theorized to play a role in disintermediation (Gu and Zhu 2021).

Seller switching cost. The sellers’ cost ¢ of transacting off-platform may stem from the plat-
form’s “superior transaction infrastructure” (Hagiu and Wright 2024), including project management
tools (Fiverr 2024), AI assistants (Upwork 2024a), or handling cross-currency payments. Similar
to Hagiu and Wright (2024), we interpret the switching cost ¢ as parameterizing the platform’s
vulnerability to disintermediation. This interpretation aligns with the notion that platforms can
limit disintermediation by providing value for its users on-platform, thus making it more costly to

disintermediate (Gu and Zhu 2021, He et al. 2023).

Single-period model. We use a single-period model to capture interactions on the platform, meaning
buyers and sellers are assumed to have not previously interacted, and sellers rely exclusively on
the platform’s signal to assess buyer risk. This assumption allows us to isolate how the quality of
information obtained via the platform influences disintermediation. Further, in several contexts (e.g.,

website design, home repair), the vast majority of transactions are between freelancers and employers

50ur model precludes outcomes where a buyer contacts a seller whose price exceeds the buyer’s valuation (i.e., 0g < p)
with the hope of negotiating a lower price upon disintermediating. This reflects a natural assumption where buyers
only contact sellers with acceptable posted prices, and where disintermediation occurs only after both parties have
agreed to transact.



who have not engaged previously; empirical evidence suggests that the risk of disintermediation is
significant even during first-time transactions (Gu and Zhu 2021, Chintagunta et al. 2023). To
capture the possibility that sellers may also obtain information based on previous interactions with

a buyer, we consider an extension of our model with repeated transactions in Appendix F.

Matching. Given that disintermediation occurs after buyers and sellers have already been matched,
we abstract away details of the platform’s matching algorithm. As a consequence, each seller in our
model is (always) matched to a randomly chosen buyer, who is safe with probability A and risky

otherwise.

Buyer riskiness. In freelance and other platforms, unprofessional buyers create friction throughout
the engagement, for instance by changing project scope, being unresponsive, or creating payment
problems (e.g., delays or non-payment) (Kazi 2020, Shevchuk and Strebkov 2015). Our model treats
these different types of buyer risk as correlated by assuming that risky buyers (type-r) expose sellers
to both non-payment and higher transaction costs. Empirical evidence suggests that opportunistic
client behavior in online labor markets generates both payment-related risks and operational dis-
ruptions that are costly to freelancers (Shevchuk and Strebkov 2015). Further, these risks depend
on the transaction channel: given that many platforms typically protect sellers (e.g., through es-
crow or insurance), non-payment is primarily a concern when sellers disintermediate, whereas higher

transaction costs may be incurred both on- and off-platform.

Our assumption that safe buyers constitute a majority (A > %) allows us to isolate how disinterme-
diation alters the role of information in platform design, which is the focal question of this paper.
When this assumption does not hold (i.e., A < %), platforms benefit from low information quality
(small «) even without disintermediation, as they profit from deceiving sellers into transacting with
risky buyers. In contrast, our model aligns with how most platforms function in practice, where
higher information quality increases transaction volume (e.g., see Tadelis (2016)), but simultaneously

makes disintermediation more attractive for sellers.

Seller qualities. We assume each seller’s quality is both exogenous and observable. Given our focus
on freelance marketplaces, quality can be interpreted as the degree to which a seller’s skillset matches
the needs of buyers on the platform (as in Bimpikis et al. (2024)), which are typically advertised
publicly in sellers’ profiles (e.g., PHP-based web design). This also aligns with the notion that
sellers typically engage more frequently with the platform than buyers do, which gives the platform
reasonably high accuracy information about sellers, which it can pass on to buyers (e.g., in the form
of reviews). Our assumption of public and exogenous seller quality allows us to focus on the risks

sellers face in disintermediating, rather than buyers.
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2.2 Preliminaries

We conclude this section by discussing the sellers’ profit, offline price, and conditions under which

disintermediation occurs. We also state two assumptions that are imposed in the paper.

2.2.1 Sellers’ Profit

Consider a seller with quality ¢, and suppose p and b are the prices in the online and offline channels,
respectively. Since 6 is uniformly distributed over [0,1] and the buyer has a payoff of 8¢ — p for
an online transaction, only buyers with # > p/q contact a quality-q seller. Given an online price
p < g, the quality-q seller’s expected profit from an online transaction if matched to a signal-o buyer
is

((1=)p— (1 — wn)e) (1 - p) ,

q

where w, is the seller’s posterior belief that the buyer is type-s (i.e., safe) conditioned on the signal
o. Note the seller’s expected transaction cost for any transaction (online or offline) depends on their

belief of the buyer’s type, and that only risky buyers impose the cost c.

To determine the seller’s offline profit, recall that only type-s buyers pay when transacting offline.
Given an offline price of b, the seller’s expected payment offline is then w,b. The seller’s expected
profit from an offline transaction with a signal-c buyer at the price b under a switching cost of ¢ is

then

(wob — ¢ — (1~ wy)c) (1—7;).

If neither transaction channel is profitable for the seller (i.e., both profit expressions above are
negative), the seller rejects the buyer and collects their reservation profit of 0. Relatedly, we impose
an assumption throughout the paper that the two seller types are well-separated with respect to

quality:

Assumption 1. The seller qualities qr, and qpm satisfy qr, < (1 — X)e and q > 4e.

Under Assumption 1, for any commission rate v € [0,9™] and information quality a € [1,1], the
type-H seller transacts with both ¢ = r and ¢ = s buyers under their optimal price, and the
type-L seller rejects o = r buyers under their optimal price (see Lemma A.5 in Appendix A). This
assumption allows us to focus on the interesting case where the type-L seller’s quality is low enough
that they can transact profitably only with type-s buyers, and thus have an interest in screening

out type-r buyers.

11



2.2.2 Offline Price Bargaining

Next, to specify the offline price, we model the buyer’s surplus from disintermediating as simply
the price reduction” p — b, whereas the seller’s surplus is the expected increase in payment from
disintermediating w,b — (1 — 7)p less the switching cost ¢. The product of the buyer and seller’s
surpluses is then (p — b)(wsb — (1 — v)p — ¢). Note that the Nash product is strictly concave and

quadratic in b. Solving for the unique maximizer yields the offline price b, (p), where

1- o
by (p) = p( ’S:w )+ ¢

The expression for b, (p) satisfies intuition: for a fized price p, a higher commission rate strengthens
the buyer’s bargaining position and produces a lower offline price. Conversely, a large switching
cost reduces sellers’ incentive to disintermediate, leading to a higher offline price. Further, because
ws > Wy, the offline price is higher for o = r buyers than ¢ = s, reflecting the increased risk assumed

by the seller.

2.2.3 Commission Thresholds and Platform Revenue

Given a fixed online price p, the buyer and seller choose to disintermediate if and only if both prefer
transacting offline at price b,(p) over transacting online at price p. The following remark describes

when this occurs.

Remark 1. Let p be a seller’s online price. Then both the buyer and seller prefer transacting offline

at price b, (p) over transacting online at price p if and only if v > Y,(p), where

Yo(p) =1 —ws + Zﬁ

The offline channel is preferred by both the buyer and seller if and only if the commission rate is
sufficiently high. Note w, is the probability a signal-o buyer pays the seller offline, which implies the
commission threshold for disintermediation 4, (p) is decreasing in the seller’s posterior belief that
the buyer is safe (w,). It can be shown that 95(p) < 4-(p) for each p > 0, which implies that at
a given price p and commission rate -, one of three outcomes is possible: a seller transacts offline

with no buyers, with only ¢ = s buyers, or with all buyers.

Finally, since the seller’s online price p depends on the commission rate 7, one can endogenize this
dependence in the expression for the disintermediation thresholds in Remark 1. As a consequence,
for each seller-buyer pair, we can derive a unique threshold ¢ that is independent of price, such

that type-i sellers disintermediate with signal-o buyers if and only if v > +. (see Appendix A.3

"This assumption corresponds to an online and offline buyer utility of fg — p and 6gq — b, respectively.
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for details). Further, after endogenizing the seller’s price p, the platform’s revenue is a piecewise

function of v with breakpoints defined by the thresholds 4% (see Lemma A.11).

Figure 1 depicts how the commission thresholds 7% evolve with information quality o.. Note sellers
disintermediate at lower (higher) commission rates with ¢ = s (0 = r) buyers as « increases, due
to the improved accuracy of the platform signal o. Note 'er does not appear in Figure 1, because

type-L sellers do not transact at all with o = r buyers under Assumption 1.

1.00

0.75

0.50

Commission rate (y)

0.25

0.5 0.6 0.7 0.8 0.9 1.0
Information quality (o)

FIGURE 1. Commission thresholds for disintermediation at different levels of information quality a (A = 0.5, ¢ = 1,
¢ = 0.1). Type-i sellers disintermediate with signal-o buyers if and only if v > ~5. Regions I-V each correspond

to a different set of seller-buyer pairs (i,0) that disintermediate: I = {0}, II = {(H,s)}, III = {(H,s), (L, s)},
IV ={(H,s),(L,s),(H,r)}, and V= {(H,s),(H,r)}.
To exclude the uninteresting case where all transactions occur offline and the platform earns zero

revenue, we focus on a setting where no seller disintermediates with a ¢ = r buyer, which holds

under the following assumption:

Assumption 2. The mazimum commission rate ¥ and the probability that the o = r buyer pays
the seller offline w, satisfy the inequality v + w, < 1 for all o € [%, 1], where w, depends on the

share of safe buyers A and information quality «.

In simple terms, the above assumption guarantees that for all ¢ > 0 and v < 4™, at least one type of
transaction occurs on the platform. Specifically, under Assumption 2, sellers always transact online
with the ¢ = r buyers. Lastly, in choosing a revenue-maximizing commission rate, we assume the

platform breaks ties by choosing the smallest rate.

3 Platform Commission and Revenue under Disintermediation

We begin by considering how disintermediation influences the platform’s optimal commission rate

(Section 3.1) and revenue (Section 3.2) under different information quality levels. In particular, we
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focus on comparative statics with respect to the switching cost ¢, which parametrizes the ease of
disintermediation for sellers. In what follows, we assume information quality « is exogenous, which
allows us to compare across platforms that vary in their informational environments (we consider the
setting where the platform can jointly optimize over both information quality a and the commission

rate 7 in Section 4).

3.1 Impact of Disintermediation on the Optimal Commission Rate

A platform’s commission rate is arguably its most natural lever for responding to disintermediation.
Given that a high commission rate incentivizes sellers to transact offline (e.g., Figure 1), intuition
might prescribe setting a lower commission rate when the threat of disintermediation is strong. Our

first result shows that this prescription does not hold universally.

Proposition 1. Let v*(¢) be the platform’s optimal commission rate under switching cost ¢. There

exist thresholds o € (1,1] and & € [a, 1) such that the following statements hold.

(i) Suppose information quality is low, i.e., « < «. Then the optimal commission rate v*(¢)

weakly increases in the switching cost ¢ for all ¢ > 0.

(ii) Suppose information quality is high, i.e., o > &. Then there exists ¢ > 0 such that for each
¢ > &, the optimal commission rate is higher in the absence of switching costs, v*(0) > v*(¢),
where the inequality is strict if v*(¢) < v™. Further, there exists ¢ € (0, 8] such that v*(¢)
strictly decreases in ¢ on ¢ € [0, @] wherever v*(¢) <™.

All proofs for this section are in Appendix B. Proposition 1 suggests that platforms that are
vulnerable to disintermediation (i.e., ¢ = 0) may operate under a higher commission rate than
platforms that are not (¢ > ¢), provided information quality is also high (o > @). To unpack the
intuition, consider that the platform can adopt one of two strategies to respond to disintermediation
via the commission rate v: a “back down” strategy, in which the platform chooses a low commission
rate to prevent disintermediation entirely; or a “double down” strategy, in which the platform chooses
a high commission rate that forfeits some revenue to disintermediation, but extracts maximal revenue
from on-platform transactions. When information quality is low (Proposition 1(i)), the back down
strategy is viable, because sellers’ trust in ¢ = s buyers is low enough that the platform can set a high
commission rate v without triggering disintermediation. Then, as the switching cost ¢ increases,
the platform’s pricing power (i.e., with respect to setting the commission rate ) is only further

strengthened, leading the optimal commission rate v* to increase in ¢.

Proposition 1(i7) shows that the prescription from part (i) is reversed when information quality is

high. In this setting, the signal ¢ is highly reliable, and thus sellers face minimal risk in transacting
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offline with ¢ = s buyers. In this high-trust environment, disintermediation with ¢ = s buyers is
inevitable at all but the very lowest commission rates, which makes the back down strategy sacrifice
substantial revenue. As a consequence, the platform is better off adopting the double down strategy
— that is, absorbing the revenue losses from sellers disintermediating with ¢ = s buyers, and using
a high commission rate to maximize revenue from the on-platform transactions with o = r buyers.
Alternatively, one may interpret Proposition 1(i7) as providing conditions under which it is optimal
for the platform to not compete with sellers’ “outside option” of disintermediating, and instead

specialize in handling risky transactions on-platform.

What does Proposition 1 imply for platforms facing potential disintermediation by sellers? For
platforms that operate with a high degree of trust between participants, attempting to thwart dis-
intermediation by lowering commission rates may be ill-advised due to excessive revenue losses.
Moreover, many platforms have been criticized for their high commission rates (e.g., see Gurley
(2013)), and some have naturally argued that high commission rates cause disintermediation (Edel-
man and Hu 2016). Our finding here lends support to the alternative view that a high commission
rate may in fact be the correct response to disintermediation, for a revenue-maximizing platform.
Indeed, Proposition 1 may help reconcile the apparent tension behind the freelance platform Up-
work’s decision to raise its commission rate twice in the last two years despite its ongoing concerns

over disintermediation (Upwork 2024b).

3.2 Impact of Disintermediation on the Platform’s Optimal Revenue

It is also natural to ask how the maximal revenue attainable under commissions is impacted by a
platform’s vulnerability to disintermediation. Analogous to Proposition 1, we find that the direc-
tional impact of switching costs on the platform’s optimal revenue depends on information quality.

Strikingly, the platform may be worse off as disintermediation becomes more costly for sellers:

Proposition 2. Let R(~*) be the platform’s revenue under the optimal commission rate v*. There

exist thresholds o € (%, 1] and & € [a, 1) such that the following statements hold.

(i) Suppose information quality is low, o < a. Then the platform’s optimal revenue R(v*) weakly

increases in the switching cost ¢ on ¢ € [0,00).

(ii) Suppose information quality is high, o > a. Then there exists ¢ such that the platform’s
optimal revenue R(v*) strictly decreases in the switching cost ¢ on ¢ € [0, §].

To understand Proposition 2, it is helpful to consider the effects induced by an increase in the
switching cost ¢. The first is a “pricing power effect”: an increase in ¢ raises the cost of disinterme-

diating for sellers, which the platform can exploit by setting a higher commission rate and extracting
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more revenue. However, an increase in ¢ can also induce a “cost pass-on effect”: in anticipation
of disintermediation, sellers set higher online prices to defray the switching cost. In other words,
sellers partially pass on the switching cost ¢ to on-platform buyers, which depresses on-platform
demand, and thus platform revenue, as visualized in the left panel of Figure 2. As a consequence,
the difference in behavior in parts (i) and (ii) of Proposition 2 depends on which of the two effects

described above dominates.
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FI1GURE 2. Left: Platform revenue as a function of the type-H seller’s price when transacting on-platform with o = r
buyers and disintermediating with ¢ = s buyers (y =0.1, . = 0.9, A = 0.7, c =1, gg = 4, « = 0.7). Price p maximizes
the sellers’ contribution to platform revenue via commissions. Here, po and p; represent the seller’s optimal price
under switching costs ¢ = 0 and ¢ = 1, respectively. Right: Impact of switching cost on optimal platform revenue
for varying information quality levels, depicting Proposition 2(i7).

When information quality is sufficiently low, the platform is immune to disintermediation due to
the high risk sellers face offline. In this case, the cost pass-on effect is absent because sellers do not
factor the switching cost ¢ into their on-platform price. As a consequence, an increase in ¢ acts
only to improve the platform’s pricing power, which lifts revenue (Proposition 2(i)). In contrast,
when information quality is high and switching costs are low, sellers are undeterred from transacting
offline, and the (revenue-decreasing) cost pass-on effect is at play. Further, in this regime the pricing
power effect is weak, because sellers simply abandon the platform at higher commission rates. The
net result is that platform revenue decreases in ¢ (Proposition 2(ii)). Figure 2 (right panel) depicts
a numerical example. Note the threshold in Figure 2 (¢ ~ 0.1) is the point at which sellers cease
transacting off-platform; beyond this point, further increases in the switching cost improve platform

revenue, as expected.

Proposition 2 adds an important caveat to the intuitive prescription from the literature (Gu and Zhu
2021, Hagiu and Wright 2024) that recommends combating disintermediation by building value for
users on-platform (e.g., through improved transaction support or other features). In particular, this

result suggests that if sellers are committed to transacting off-platform, adding incremental value to
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the platform may simply be internalized by sellers as the cost of disintermediating, which ultimately
distorts their on-platform prices and undermines the platform’s revenue. Nonetheless, platforms can
still benefit by substantially increasing sellers’ switching costs, which brings sellers back on-platform

and restores the platform’s pricing power.

4 Optimal Information Design

Our results in Section 3 indicate that the quality of information available to sellers plays a central role
in shaping the platform’s pricing response to disintermediation. Although we assumed information
quality to be exogenous in the previous section, in practice marketplace designers may have some
limited ability to influence the information available to sellers (Fradkin et al. 2021, Garg and Johari
2021); for example, by altering the platform’s reputation system or moderating sellers’ ability to
communicate with buyers (Astashkina et al. 2022). In our setting, because the quality of information
« influences sellers’ decisions to disintermediate, the platform could plausibly boost revenue by
judiciously choosing the information quality « alongside the commission rate . This informational
advantage may arise from the platform’s proprietary data on buyer payment history, chat logs, and
private reviews from past sellers. To that end, this section considers the conditions under which
it is optimal for the platform to withhold information about buyers’ riskiness in light of potential

disintermediation.

As a warmup, we first consider how the platform’s optimal revenue changes when « varies exoge-
nously. This exercise allows us to isolate the potentially competing effects of information quality on
platform revenue before considering endogenous information quality. Moreover, in situations where
the platform cannot optimize information quality, Lemma 1 provides insight into whether small

improvements in the signal’s accuracy are in the platform’s best interest.
Lemma 1. There exist thresholds ¢ > 0 and o> ¢ such that the following statements hold.

(i) Suppose the switching cost is high, ¢ > ¢. Then the platform’s optimal revenue R(v*) weakly

increases in information quality o on o € [%, 1].

(ii) Suppose the switching cost is low, ¢ < ¢. Then there exists a € (%, 1], a€la,1) and \ € [%, 1)
such that the platform’s optimal revenue R(Y*) weakly increases in o on o € [%,Q] for all

A € [3,1] and strictly decreases in o on o € [@,1] if A > A.

All proofs for this section are in Appendix C. Lemma 1 presents conditions under which the platform
benefits from — or is hurt by — an increase in information quality «, and is depicted in Figure 3. To

see why it holds, note that an increase in o generates two effects on platform revenue. First, as «
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increases, sellers set more efficient prices, which we call the “price effect”. Second, as « increases, a
greater share of type-s buyers are correctly identified as such to the sellers, which we call the “trust
effect”. The net impact of an increase in « on platform revenue depends on the sum of these two

effects.

To understand the price effect, it is helpful to examine the optimal price of type-L sellers (see Lemma

A.3 in the Appendix):

L, 1 (1 —ws)e
p=3 qr + 1—~
—_———

K

In the optimal price p*, the first term %qL reflects that buyers’ valuations increase in a seller’s

quality. The second term %Ii is a “premium” charged by sellers due to the risk of transacting with

a type-r buyer mislabeled with the signal ¢ = s. The premium %/ﬁ is a pricing inefficiency that
stems from the information asymmetry faced by the seller. The premium hurts platform revenue
because it raises the price strictly higher than %qL, which is the price that maximizes the type-L
seller’s commissions to the platform. As information quality « increases, the signal o becomes more

informative to sellers, compelling them to reduce the premium, which benefits the platform.

In both parts of Lemma 1, the price effect acts to lift platform revenue. However, the direction of the
trust effect is ambiguous, which drives the divergence between parts (i) and (4i) of Lemma 1. When
switching costs are high enough such that disintermediating is prohibitive for sellers, the trust effect
only further increases the on-platform transaction volume, which boosts platform revenue (Lemma
1(4)). However, when switching costs are low and information quality is high, the platform is prone
to disintermediation, and the direction of the trust effect is reversed — higher information quality
amplifies disintermediation by pulling a greater share of transactions off the platform. Lemma 1(i7)
states that in the high-information setting where sellers disintermediate (with o = s buyers), the
harmful trust effect dominates the helpful price effect, provided the share of buyers that are non-risky

is not excessively low (A > ).

The behavior in Lemma 1 suggests that sellers having perfect information about buyers’ types (i.e.,
a = 1) may in some cases lead to sub-optimal platform revenue. Therefore, the platform faces a
clear trade-off: a highly accurate signal ¢ may lead to large revenue losses from disintermediation,
but an inaccurate signal may throttle on-platform transactions and lead to inefficient pricing by
sellers. This naturally raises the question of when the platform should adopt a no-, partial-, or

full-information policy, which we address in the next result.

Proposition 3. Let a* be the platform’s revenue-mazimizing information quality when jointly op-
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FIGURE 3. Left: Platform revenue against varying information quality («) for fixed commission rate v and different
switching costs ¢ (A = 0.7, ¢ = 1, v = 0.2), depicting Lemma 1. Right: Optimal information quality o* for varying
shares of type-H sellers p, at different switching costs ¢ (A = 0.5, ¢ = 1, v™ = 0.35), depicting Proposition 3. The
profit margin of on-platform sellers increases in the share of type-H sellers p. This leads the platform to set a higher
commission rate (not shown), and compensate for the increased risk of disintermediation by lowering information
quality.

timized with the commission rate. There exist thresholds i € [0,1], ¢ >0, o € (%, 1) and @ € (a,1)

such that the following statements hold.

(i) A no-information policy is optimal o* = % if the share of type-H sellers is large p > 1 and

there is no switching cost ¢ = 0.

(ii) A partial-information policy is optimal o* € [a, &] if the share of type-H sellers is small p < [i

and there is no switching cost ¢ = 0. Further, o* strictly decreases in u for all p € [0, f.
(iii) A full-information policy is optimal o* = 1 for all u € [0,1] if the switching cost is high ¢ > ¢.

Proposition 3 shows how the optimal information quality a* depends on the share p of sellers that
are type-H (i.e., high-quality) and the sellers’ switching cost ¢. Part (iii) captures the baseline
setting where the switching cost is high enough such that no disintermediation occurs — in this
case, full-information is optimal because it maximizes the beneficial trust and price effects of the
platform’s signal, as discussed following Lemma 1. Parts (i) and (i¢) focus on the more interesting
case where the platform is vulnerable to disintermediation, which is exemplified in the case with
no switching costs (¢ = 0). The main results are that the optimal information quality o* is a
strictly interior solution a* € (4, 1) when the share of type-H sellers is not too large (u < ji), where

additionally, a* strictly decreases in wu.

At a high level, the behavior described in parts (i) and (i¢) is driven by the different ways in
which information quality and the commission rate generate revenue for the platform. In short,
the commission rate v extracts value predominantly from type-H sellers, who command high prices

on the platform and thus pay high commission fees. In contrast, the information quality lever a
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generates value through type-L sellers, because these sellers only transact with ¢ = s buyers, and
thus are the ones for whom the beneficial price and trust effects described above are at play. The
tension arises because choosing a large value of « — which increases revenue from type-L sellers — also
lowers the commission threshold beyond which type-H sellers transact offline, limiting the largest

commission rate the platform can impose without triggering disintermediation.

As a consequence of these trade-offs, when the share of type-H sellers p is sufficiently large, it is
optimal for the platform to disclose no information at all (« = %) While this policy sacrifices all
revenue from type-L sellers, it allows the platform to compensate by choosing a large commission
rate 7y without risking disintermediation (part (7)). At smaller values of p, the potential revenue
from type-L sellers is too large for the platform to ignore entirely, so the platform should adopt a
partial-information policy a* € (%, 1) to balance the revenue from both seller types. The intuition
for why o* strictly decreases in p follows similarly. Figure 3 visualizes the behavior described in

Proposition 3 for different values of the switching cost ¢.

Proposition 3(i7) describes a setting where partial-information is optimal when there is no switching
cost ¢ = 0. The following corollary provides an alternative characterization that shows a partial-

information policy can also be optimal when switching costs are strictly positive.

Corollary 1. There exist thresholds i € [0,1), ¢ > 0, and ¢ > ¢ such that partial-information is
optimal o € (%, 1) if the switching cost is moderate ¢ € [p, ] and the share of type-H sellers is

large pu > [i.

High-information environments have been classically viewed as strictly beneficial for two-sided mar-
ketplaces (e.g., Resnick and Zeckhauser (2002)). Lemma 1 adds some nuance to this belief by
showing that excessive trust between buyers and sellers can undermine revenue by promoting dis-
intermediation, supporting the empirical finding in Gu and Zhu (2021). Further, Proposition 3 and
Corollary 1 indicate that platforms can benefit from withholding information about buyers when
sellers set high prices on-platform (i.e., are high-quality), essentially by exploiting the off-platform
risks faced by sellers to set higher commission fees. Note this is true even when the platform features
offer “moderate” value to its sellers (Corollary 1). In general, our results highlight how for some
sellers (type-L), information about buyers helps them judiciously filter out costly buyers before
transacting on-platform, but for others (type-H), it only amplifies disintermediation. Therefore, in
designing the informational environment, platforms should consider the mix of sellers operating in
the marketplace, and the different impacts of buyer information on sellers’ pricing and transaction

decisions.

20



5 Extensions

This section considers two extensions of our main model. In Section 5.1, we examine an alternative
to commission pricing where the platform charges sellers an access fee before matching them to a
buyer. Section 5.2 examines the punitive measure of banning sellers from the platform if they are

caught transacting off-platform.

5.1 Platform-Access Fees

Beyond adjusting commission rates and information quality, a platform may consider a variety of
interventions for building resilience to disintermediation. In this section, we examine an alternative
pricing strategy observed in practice: charging sellers an upfront access fee to join the platform,

instead of extracting commissions from on-platform transactions.

Intuitively, eliminating commissions in favor of access fees can mitigate revenue losses from dis-
intermediation by reducing sellers’ incentives to transact off-platform. What is less clear is their
efficiency: do access fees generate higher revenue than commissions, even when the threat of dis-
intermediation is weak? Proposition 4 below answers this question in the negative — while access
fees can dominate commissions when the platform is disintermediation-prone (i.e., switching costs
are low), they can fall short of the maximum possible commission revenue when sellers transact

exclusively online and sellers are sufficiently heterogeneous in quality.

Our model is a straightforward extension of the main model from Section 2. Under access fees,
each seller pays the platform a fixed fee of ¥» > 0 to join the platform. The use of a common
fee 1 for all sellers aligns with practice, as platforms typically do not discriminate among sellers
based on attributes such as quality. Sellers set their online prices after joining, and the remainder
of the game proceeds as described in Section 2 (with v = 0). Similar to Section 4, we assume the
platform jointly optimizes information quality « along with the access fee 1. For consistency with
the commission-based model in Section 2, we assume that the access fee allows the seller to complete
at most one transaction on the platform. Additionally, we relax Assumption 2 in this section and
set the maximum commission rate to 7™ = %, which ensures that the platform’s revenue under

commissions is not artificially capped when comparing against access fees.

Fori € {L, H}, let IT} be the profit of a type-i seller on the platform in the absence of any commission
or access fees. Because sellers’ outside options are normalized to 0, a type-i seller pays the access
fee 1 if and only if IT§ > +. Further, TIY > II} because gy > q1. Therefore, for any access fee

P < Héf , either both seller types join the platform, or only the type-H sellers join. The platform’s
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revenue under an access fee of ¢ is then

¥, if ¢ e [0,10f],
Ra(a,¥) := Q pyp, if o € (L, 1),

0, if o > TI.

It follows that the platform’s optimal access fee satisfies * € {II¥ ,HSI }, and the corresponding

optimal revenue is R* := max{Il{, ulT§}. We now present our main result of this section:

Proposition 4. Let R and R{, be the platform’s revenue under the optimal pricing and information
policies for access and commission fees, respectively. Let TI§ be the on-platform profit of a type-i

seller under a commission rate of v = 0. There exists ¢ > 0 such that the following statements hold.

(i) Suppose the switching cost is low, ¢ < ¢. Then access fees generate higher revenue than

commission fees R > R for all p € [0, 1].

— L L
1) Suppose the switching cost is high, ¢ > ¢. Then there exists u € (0, H—% and i € H—?{, 1
I 1
- 0 0
such that access fees generate lower revenue than commission fees Ry < Rf. if and only if the

share of type-H sellers is moderate ju € [p, [i].

All proofs for this section are in Appendix D. Naturally, the performance of both pricing strategies
depends on the extent to which they can extract sellers’ on-platform profit. For the intuition behind
Proposition 4(7), note that under the optimal information and commission policy (a*,~*), either
both seller types transact online, or only type-H sellers do (which occurs when the type-L seller
either disintermediates or is unprofitable). If only type-H sellers transact online under (a*,v*), the
result is straightforward — the platform can extract the entirety of type-H sellers’ on-platform profit
4 by simply setting 1 to that amount, which commission fees cannot match. The result in part
(7) is less immediate when both seller types transact online; essentially, if both seller types transact
online under (a*,~*), then the commission rate v* must be small enough such that the type-L seller
is profitable and neither seller type disintermediates. This yields an upper bound on the optimal
commission revenue, which we show is exceeded by the revenue attained under the optimal access

fee.

Next, to understand Proposition 4(i7) (depicted in Figure 4), note that when the switching cost is
high (¢ > ¢), the threat of disintermediation is weak, and both seller types transact online even at
high commission rates. Then, it is helpful to consider the sellers’ “uncaptured profit”: the portion of
all sellers’ potential on-platform profit (under v = 0) that is not extracted by the access fee. When

sellers are highly heterogeneous (i.e., the share of type-H sellers p is moderate), the uncaptured
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FIGURE 4. Optimal revenue under platform-access fees and commissions (A = 0.5, ¢ =1, gqg = 2, qz. = 0.5, ¢ = 1),
depicting Proposition 4(i%).

profit is large regardless of how the platform chooses i, making access fees inefficient. In other
words, platform revenue under access fees suffers when the aggregate profits of type-L and type-H
sellers are comparable. In contrast, because commissions resemble personalized pricing, they can
efficiently extract surplus from transactions occurring at different price points, regardless of the
composition of sellers. We note that while Proposition 4 assumes information quality « is controlled
by the platform in both pricing mechanisms, the same result can be shown to hold for exogenous «,

provided it is not too low.

Upfront pricing mechanisms have drawn significant attention in recent years, and pose a variety of
advantages over commission fees (Hu and Zhou 2020, Feldman et al. 2023, Cachon et al. 2025, Cui
and Hamilton 2022). Our result complements this line of work by showing that commission fees —
despite creating clear incentives for sellers to disintermediate — can nevertheless outperform access
fees when sellers are heterogeneous in quality and transacting offline is sufficiently costly. This
finding may help explain the prevalence of commission fees in practice, despite their vulnerability
to disintermediation. Moreover, Proposition 4 suggests that platforms that charge sellers for access
to buyers (e.g., Thumbtack and Care.com) may perceive disintermediation to be more of a threat

than those that continue to rely on commissions.

Our result may also help explain why the pricing strategy of a platform may vary across markets. For
example, Uber charges drivers commission fees in North America, but in 2022 unveiled access-based
pricing with 0% commission for drivers in South Asia (Uber 2023). This may be due to variability
in the perceived costs of disintermediation and the level of social trust across markets; indeed,
anecdotal evidence suggests platforms may witness higher levels of disintermediation in emerging

economies (Rampal 2023).

23



Our model abstracts away from additional practical considerations that may influence a seller’s
willingness to pay upfront for platform access. In particular, we assume sellers engage in a single
transaction at most, know their own quality, and face no uncertainty about the demand state on
the platform. We conjecture that our main insight — that access fees may underperform commission
fees despite immunizing the platform from disintermediation — is likely to persist when accounting

for these additional characteristics of two-sided platforms.

5.2 Detecting Disintermediation: Should Platforms Ban Sellers?

We have mainly focused on two costs sellers face when transacting offline: non-payment from risky
buyers and the switching cost (¢). However, platforms may also have an (imperfect) ability to
detect when a buyer and seller matched on the platform transact offline — for example, by scan-
ning messages (Chintagunta et al. 2023) or encouraging platform users to report others’ attempts
at circumvention (Upwork 2023a). For several platforms, disintermediation violates user policy,
and can result in account suspension or outright bans from future use of the platform (Upwork
2023a, Taskrabbit 2024). In this regard, the risk of punishment for disintermediating introduces
an additional off-platform cost that can influence sellers’ willingness to disintermediate. Here we
consider the question of whether platforms should adopt a policy of banning sellers who are caught

disintermediating.

We consider a simple extension of our model to a two-period setting. Sellers are long-lived and
participate in both periods; buyers are short-lived and arrive independently in each period. Each
seller selects an online price p; for period ¢ € {1,2}. In each period, price bargaining for offline
transactions proceeds as outlined in Section 2.2. We assume the platform selects a single commission
rate 7 € [0,7™] for the entire horizon. To isolate how the detection mechanism impacts platform

revenue, we assume information quality o € [%, 1] is exogenous, as in Section 3.

At the start of the horizon, the platform announces and commits to one of two policies (in addition to
the commission rate 7): a “banning” policy in which detected sellers are removed from the platform
prior to period 2, and a “blind eye” policy in which disintermediation goes unpunished. Under
the banning policy, the platform detects disintermediation by sellers in period 1 with probability
d € [0,1], where d is known to sellers. If the platform chooses to ban, all sellers who are detected in
period 1 earn zero profit in period 2. For simplicity, we focus on a setting with no switching costs

(¢ = 0), where the threat of disintermediation is strongest.

When should platforms adopt a policy of banning sellers for disintermediating? The following result

sheds light on the answer in terms of the informational environment and strength of the detection
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mechanism.

Proposition 5. Let R%(y*) and R*(v*) be the platform’s optimal revenue under the blind eye and
banning policies, respectively. Then, there exist thresholds o € (%, 1] and & € [a,1) such that the

following statements hold.

(i) Suppose information quality is low o« < a. Then for all detection probabilities d € [0,1], the

banning policy generates weakly higher revenue than the blind eye policy, RO(v*) < R (v*).

(ii) Suppose information quality is high o > @&. Then there exists d € (0,1) such that if the

detection probability is low d € (0,d], the banning policy generates strictly lower revenue than

the blind eye policy, i.e., RO(y*) > R(v*).

The proof is in Appendix E. Notably, Proposition 5 shows that a policy of banning sellers who are
caught disintermediating can “backfire” and hurt platform revenue if the detection mechanism is
weak (d < d). To see why, note that the banning policy raises sellers’ cost of transacting offline
in period 1 due to the risk of being detected and banned from period 2. This deterrence effect
strengthens the platform’s pricing power, allowing it to set a higher commission rate v and increase
revenue (Proposition 5(i)). However, the banning policy can also hurt revenue, because it commits
the platform to forgo the commission fees that detected sellers would have otherwise paid in period 2.
Proposition 5(ii) shows that in a high-information environment (a > @), a low detection probability
d makes the deterrence effect of the ban too weak to overcome the revenue losses from having fewer

sellers on the platform. Thus, a policy of banning sellers can be counterproductive precisely in cases

where the platform is most vulnerable to disintermediation.

Naturally, as the detection probability d approaches one, sellers never disintermediate due to the
nearly guaranteed loss of future profit. However, in practice, the algorithmic filters employed by
platforms to detect disintermediation have very low success probabilities - for example, Chintagunta
et al. (2023) state it is “technically challenging and resource-costly” to detect disintermediation.
Therefore, the regime where d is small is particularly relevant for platforms considering punitive
measures for disintermediation. Our result suggests that unless the detection mechanism is pow-
erful enough to create a strong deterrent, the platform may be better off turning a blind eye to

disintermediation entirely.

Our stylized model does not capture two other aspects of detection that may arise in practice: (1)
false positives, wherein the platform wrongly bans sellers who did not engage in disintermediation;
and (2) price signals, where the platform spots the intent to disintermediate from sellers’ prices.

Naturally, incorporating these features would yield a richer model in which banning sellers has more
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nuanced impacts on platform revenue. For example, a detection mechanism with false positives
would lead to innocent (i.e., non-disintermediating) sellers being punished, and detection based
on sellers’ on-platform prices may result in lower prices, both of which may hurt the platform’s
commission revenue. Our model also does not capture buyers substituting among sellers, which

would alleviate the revenue losses associated with banning.

6 Discussion

Disintermediation poses a major challenge to commission-based platforms, with efforts to counter-
act it being met with limited success.® Motivated by this, we offer guidelines on when commonly
prescribed strategies to combat disintermediation may either succeed or further hurt platform rev-
enue. Our findings suggest that how platforms respond to disintermediation is shaped by two key
characteristics: the ease of disintermediation for sellers (switching cost ¢) and the accuracy of in-

formation sellers receive about buyers (information quality «). We summarize our main results and

their implications for platform operators in Table 1.

Table 1: Summary of Findings and Managerial Implications.

Dimension

Main Finding

Implication for Platforms

Comuinission

Rate ()

Switching
Cost (¢)

Information
Quality ()

Access

Fees (v)

Banning

Sellers (d)

When information quality is high, the op-
timal commission rate can be higher in the
absence of switching costs than when such
costs are present.

When information quality is high, platform
revenue decreases in switching cost (due to
higher on-platform seller prices).

Partial-information disclosure is optimal
when switching costs are moderate and the
share of high-quality sellers is large.

Commissions outperform access fees when
high- and low-quality sellers contribute
equally to revenue and switching costs are
high.

A policy of banning sellers hurts revenue
when the platform’s probability of detect-
ing disintermediation is low and informa-
tion quality is high.

When disintermediation is inevitable, plat-
forms should increase their commission
rates to extract more revenue per trans-
action.

If sellers are going to disintermediate re-
gardless, making it harder by investing in
platform features may backfire.

Platforms may benefit by deliberately
keeping reputation systems noisy to make
disintermediation riskier.

Despite eliminating sellers’ incentive to dis-
intermediate, an upfront fee may be worse
for the platform than charging commission
fees.

Unless banning creates a sufficiently strong
deterrent, platforms may be better off tol-
erating disintermediation to retain more
sellers.

When faced with disintermediation, it is natural to expect platforms to lower their commission rates

8Upwork’s 2024 10-K filing states: “Our efforts to reduce circumvention may be costly or disruptive to implement,
have results that are difficult or impossible to measure, fail to have the intended effect or have an adverse effect on
our brand or user experience, reduce the attractiveness of our work marketplace, divert the attention of management,
or otherwise harm our business.” (Upwork 2024b).
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to maintain transaction volume. Our results challenge this conventional prescription by showing
that — in some scenarios — platforms may be better off setting higher commission rates to collect
more revenue from those transactions that remain on-platform. Moreover, increasing the switching
cost of sellers by investing in better platform features (higher ¢) improves platform revenue only

when sellers are less informed about which buyers are risky.

In order to curb disintermediation, platforms may utilize information or pricing levers, or even
resort to banning sellers outright. First, withholding information about risky buyers can reduce
off-platform transactions, but one must balance this benefit against the risk of deterring seller
participation. Our results also suggest that platforms have strong incentives to control sellers’
perception of risk, e.g., by warning them about off-platform threats (Upwork 2023b) or exaggerating
the prevalence of fraudulent buyers. Alternatively, one could eliminate the need to disintermediate
by charging upfront access fees. However, access fees discourage marginal sellers from joining (Better
Business Bureau 2023) and can underperform commissions when switching costs are high. This helps
explain why commission models persist in practice despite creating incentives for circumvention.
Finally, a policy of banning sellers caught bypassing the platform can deter “bad actors” to an
extent, but ultimately hurt revenue when detection rates are low. Given users’ sophistication in
evading detection, this provides a rationale for why platforms have favored softer interventions over

de-platforming sellers.

Our results also provide theoretical grounding for recent empirical findings, most notably Gu and
Zhu (2021) by formalizing the mechanism by which enhanced trust increases disintermediation. The
behavior of our model also provides support for patterns documented in the empirical literature —
specifically, that (i) platforms can successfully curb disintermediation by limiting communication
between buyers and sellers (Astashkina et al. 2022, Lin et al. 2022), thereby reducing trust, (ii)
higher quality sellers exhibit greater propensity to transact off-platform (Gu 2024, Chintagunta
et al. 2023), and (i7i) targeted commission reductions for experienced sellers can reduce disinterme-

diation (Astashkina et al. 2022).

Naturally, platforms could also utilize other — more sophisticated — design levers in the face of
disintermediation beyond those considered here. In particular, two-part tariffs, which combine
access fees with commissions, may be effective across a wide range of environments, as previously
shown in the literature (Cachon et al. 2025). However, the optimal implementation of these two-part
tariffs is non-trivial, since upfront pricing excludes low-demand sellers and commissions reduce seller
revenues, limiting the access fee the platform can charge. Further analysis is needed to determine

whether the revenue gains from these pricing mechanisms justify their added complexity. It may
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also be informative to understand when the optimal two-part tariff consists of only the access fee or

comimission.

Beyond pricing strategies, platforms could curb disintermediation through strategic matching poli-
cies — for example, pairing safe buyers with low-quality sellers who are less likely to disintermediate.
While theoretically appealing, such centralized matching approaches could face practical hurdles,
since steering buyers away from high-quality sellers could harm both user satisfaction and long-term
platform viability. Lastly, while our analysis assumes random matching and no seller competition,
relaxing this assumption to allow buyers to choose among (price-competing) sellers would introduce
richer dynamics. For instance, promoting seller competition could lead to lower equilibrium prices
and thus a reduced incentive to disintermediate, although this could also erode commission revenue
and harm low-quality sellers. These extensions represent promising avenues for future work that

may further our understanding of how platforms can best respond to disintermediation.
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Appendix

The appendix is organized as follows: Appendix A presents preliminary results that are used throughout
the main proofs. Appendices B, C, D, and E contain the proofs for Sections 3, 4, 5.1 and 5.2 respectively.
In Appendix F, we study an extension of our main model where buyers and sellers may engage in multiple

transactions; the proofs from this section are present in Appendix F.4.

A Preliminary Results

Section A.1 characterizes relevant probabilities, offline prices, and possible cases for a seller’s profit and
optimal price; Section A.2 characterizes the sellers’ profit functions and optimal prices; and Section A.3

provides conditions under which disintermediation occurs and defines the platform’s revenue.

A.1 Key Definitions

The main result in this section is Lemma A.3, which describes possible cases for a seller’s profit and optimal

price, and is referred to extensively throughout the remainder of the appendix.

Lemma A.1 (Signal probabilities and sellers’ beliefs). The following statements hold for o € {r,s}.

(i) The share of all buyers assigned the signal o is 1., where n,. = (1 — )X\ + a(l — A) and ns =
o+ (1 — a)(1 — X). Further, n, and ns strictly decrease and strictly increase in o on a € [%, 1],
respectively.

(ii) A seller’s posterior belief that a buyer with signal o is type-s is w,, where wy := (1:770‘)’\ and wg 1= ‘j‘%

Further, w, and ws strictly decrease and increase in o on a € [%7 1], respectively.

Proof. For statement (i) , note A = Pr(j = s) and a = Pr(j = slo = s) = Pr(j = r|o = r) by definition.
The expressions for 7, and 7, then follow by the total probability rule. Further, note 6%77’“ =1-2A<0and
%775 =2\ —1> 0. For statement (iz), by Bayes’ rule we have

. (I—a)X
r = P = = = = 1 — Iy
= Pr(j = sl =7) = s = (L= @y
aA
= P | = = = - .
ws r(j = slo =) =)A= ar/ns
Further, note
Owr _ (I=X)A <0,
Oa (a1 =X)+ (1 —a)r)?
Ows _ (IT=X)A >0,
da  (1—a)(1—=A)+ar)?
where the strict inequalities follow because A € [%, 1]. O

Lemma A.2 (Offline price for fixed commission rate v and online price p). Consider the transaction between

a seller with online price p and a buyer with signal o at a fired commission rate v > 0. The price in the

by (p) = % (19(1—7“%) N ¢) _ (1)

Wo Wo

offline channel is then given by
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Proof. Under an offline price of b, the buyer and seller’s expected surpluses from transacting offline are p — b
and w,b— (1 —~)p— ¢, respectively. The Nash bargaining function is thus N(b) := (p —b)(wsb— (1 —~)p— @),
which can be verified to be strictly concave in b. Solving %N (b) = 0 yields the expression (1). ]

Lemma A.3 (Sellers’ profit and price cases). Fiz the commission rate 7y and consider a unit mass of sellers
with quality q and online price p < q. Let TI(p) be the sellers’ expected profit (over buyer signals), let p be the
maximizer of II(p), and let II be the sellers’ expected profit under price p.

(a) If the sellers transact online with both o = r and o = s buyers,

(p) = 7(p) = (1 — 7)p — (1 — A)e) <1 - p) ,

q
R | +(1—)\)c
p=p" =g et )

2
ft= 707 = (1= 90 (5 - g ) -

(b) If the sellers reject o = r and transact online with o = s,
p
1Hp) = 7(9) = 1. (1= 2)p = (1= w)e) (1- 2.
. 1 (1 —-ws)c
JE i
P=p =3 (q+ T )
1 (1—-ws)e

2
= Wb(Pb) =ns(1—7)q (2 - 2(1(1_7)> .

(¢) If the sellers transact online with o = r and offline with o = s,

H(p) = m°(p) := (nr(l — )P + 15 (wsbs (p) — @) — (1 — A)c) (1 - p) ,

q
e L, 2= Netrng
“m gy (o ).

2
Il = 7(p°) = ¢C (; 2= N A nd _4?1)C+ Wb) .

p

where ¢ = nr(l - ’7) + %775(1 - +ws)'

(d) If the sellers reject o = r and transact offline with o = s,

) = 7(p) == ns (1 - 5) (wsbs(p) —¢o—(1- ws)0>,

2¢(l —ws) + ¢
<q+ 1— 79+ ws >’

=
s

2c<1—ws>+¢>?

~ 1

2

(e) If the sellers accept o =1 and o = s offline,

T(p) = 7°(p) 1= (nwsbs(p) + Mriondy () = 6 — (1= X)) (1 - 2) 7
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' 2<q+1—'y+nrwr+nsws ’
q(’(12c(1)\)+¢>>2

IT = 7°(p°) : 5 | 3 a0

where ' =1 — v+ wpn + wens.

Proof. For each case = € {a,b,c,d, e}, the profit expression 7% (p) follows from the definitions of 7,, w,, and

wy given in Lemma A.1. The profit maximizing price p® follow by substituting the expression for the offline

price b, (p) (Lemma A.2) into 7% (p), noting that 7% (p) is then strictly concave in p, and solving the first order
)

condition g (p) = 0; the algebraic details are straightforward and omitted. O

A.2 Sellers’ Profit Functions and Optimal Prices

Lemma A.4 (Disintermediation under fixed online price p). Consider a transaction between a seller with

online price p and a buyer with signal o. Both the buyer and seller prefer to transact offline if and only if

v > Yo(p), where

. o ?
Yo (p) =1 —w, + e

Further, suppose ¥ > 1 — w,. Then v > 4,(p) holds if and only if p > p,, where

o=
Ty —(1=-wy)’

Proof. Under the offline price b, (p) given in (1), the seller has positive surplus from disintermediating if and
only if wyby(p) — (1 —7)p— ¢ > 0, or equivalently, 3(—p(1 —v —w,) — @) > 0. Re-arranging for ~, the seller’s
surplus is strictly positive at b,(p) if and only if v > 1 — wy, + % = 4,(p). Similarly, the buyer’s surplus is
strictly positive if and only if p — b,(p) > 0, or equivalently, i (—p(1l — v —ws) — ¢) > 0. Re-arranging for
7, the buyer’s surplus is also positive if and only if v > 4,(p). Lastly, in the case where v > 1 — w,, the
definition of p, follows by re-arranging the inequality v > 7, (p). O

Lemma A.5 (Sellers’ transaction decisions). Let Assumption 1 hold. Then the following statements hold for
all v € [0,7™] and o € [3,1].
(i) At their optimal price, type-L sellers reject o = r buyers.

(i) At their optimal price, type-H sellers transact with both o = r and o = s buyers.

Proof. This proof uses the profit and price expressions from Lemma A.3. (7). We show that the type-L
seller’s profit if they accept the o = r buyer is non-positive in both transaction channels for all p > 0 and
~v > 0. Note the type-L seller’s demand is (1 — q%)*, which implies their profit is zero for all p > qr. For
p < qr, the seller’s expected payment from a ¢ = r buyer is at most p in either channel. It follows that the
seller’s profit from transacting with the o = r buyer is at most p — (1 — w,)e. Next, note p — (1 — w,)e <
g — (1 —wr)e < (1 = A)e — (1 — wy)c <0, where the third and fourth inequalities follow from Assumption 1

and because A > w, for all a € [%, 1], respectively.

(¢2). Tt is straightforward to verify that ws > w, (Lemma A.1l), which implies a seller accepts the o = r

buyer only if they also accept the o = s buyer. Therefore, to show statement (i), it suffices to show the
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type-H seller accepts the o = r buyer for all v € [0,7™] and o € [%,1]. Note there are two cases to consider
depending on whether the 0 = s buyer transacts online or offline; thus, following Lemma A.3, it suffices to
show 72(p®) > 7°(p®) > 0 and 7¢(p°) > 7¢(p?) > 0 both hold. We show 7(p®) > w°(p®) > 0 first. It is
straightforward to verify that 7°(p?) > 0 using the fact that 7°(p®) strictly decreases in gy and qg > 4c.
Because p® is the maximizer of 7%(p), it suffices to show 7%(p®) — 7°(p®) > 0. Note

b

(") =7 (") = (1 - ;) (ac(1 = X) + (1 —7)p" (A — 22X — 1))

and that 7°(p®) > 0 implies p® < qz. It remains to show p® > ( ca(l=)) or equivalently,

1—y)(A—a(2X-1))°

1 e(l — ws) ca(l—2XN)
2("” [ >><1—w><x—am—1>>' @)

Note the left hand side of (2) decreases in « because ws and w, both increase in o (Lemma A.1), and the

right hand side of (2) increases in «. Plugging in o = 1, it follows that (2) holds if 4t > 7= holds. The

preceding inequality holds because qy > 4c by Assumption 1 and v < % We now show 7¢(p¢) > 7¢(p?) > 0

using a similar argument. It is straightforward to verify that 7?(p?) > 0 using the fact that 7% (p?) strictly
decreases in gg and qg > 4c. Because p° is the maximizer of 7¢(p), it suffices to show 7¢(p?) — 7¢(p4) > 0.
Note

d
c p
w0~ 7 = (1= ) (aclt = 0 + (1= pa(2A 1) = A)

and that 7¢(p?) > 0 implies p? < qg. It remains to show p? > % Because p? increases in ¢,
letting ¢ = 0 yields the lower bound p? > % (qH + 2107(17::”)) . Therefore, it remains to show

1 c(l —ws) ca(l—N)

— > . 3

(15 2 T e ®)

Note the left hand side of (3) decreases in « because w, and w, both increase in o (Lemma A.1), and the

right hand side of (3) increases in «. The result follows by plugging in o = 1 and noting gy > 4c and v < % O

Lemma A.6 (Sellers’ profit functions). For i € {L, H}, the profit function for the type-i seller is given by
T (p), defined as follows.

(i) If v < 1 — wg, then IIX(p) := 7°(p) and 1 (p) := 7%(p) for all p > 0.
(ii) If v > 1 — wg, then

m™(p), if p < ps,
7(p), if ps <p.

and

7(p), if p < Ps,
I (p) = {7°(p),  if bs < p < br,
(p), if pr <p.

Proof. Note Lemma A.3 defines a seller’s profit based on the platform signal ¢ and the transaction channel,

Lemma A.4 provides conditions under which the transaction occurs offline, and Lemma A.5 defines which
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signals o € {r, s} are accepted by the type-L and type-H sellers. Combining Lemmas A.3, A.4, and A.5 yields
the profit expressions I1*(p) and I17 (p). O

Lemma A.7 (No disintermediation with ¢ = r buyers). Let Assumption 2 hold. Then neither seller type
transacts offline with the o = r buyer for all v < ™.

Proof. Note by Lemma A.5, the type-L seller never transacts with the o = r buyer, so it remains to prove the
result for the type-H seller. First, if for some online price p the type-H seller transacts offline with the o = r
buyer, then by Lemma A.4 we must have p > p,, and by Lemma A.6 the seller’s profit is given by 7¢(p).
Further, because 7¢(p) is maximized at p¢, it follows that p¢ < p,. is a sufficient condition for the transaction
with the o = r buyer to be online. By definition of p,., the condition p¢ < p, can be written equivalently as

~v < ~H where v is defined as the solution to
Lr L

@
pe(y)

It remains to show l? > ~™ holds for all @ € [%, 1]. Note that for any ¢, we have the following lower bound

’7:1_(4‘)7"'_

on lfl
H b —2 51y (4)
Lo T2 TS o) T -
Next, note
1—a)A

S a(l=A)+ (1 —-a)\
It is straightforward to show that the right hand side of (5) strictly decreases in a. Plugging o = % into
the right hand side of (5) and combining with (4) then yields lf >1—\for all a € [1,1]. It follows that
lim/\_%lf > 1 >qmforall o€ [3,1]. O

Lemma A.8 (Sellers’ optimal prices). Suppose for some fixed v € (0,4™], neither seller type transacts offline

with the o = r buyer at their optimal price. Then the following statements hold.
(i) The type-H seller’s optimal price satisfies p* € {p®,p°}, where p* = p® if and only if the type-H seller
transacts online with the o = s buyer.
(i) The type-L seller’s optimal price satisfies p* € {p®, p?}, where p* = p® if and only if the type-L seller

transacts online with the o = s buyer.

Proof. We focus on proving statement (7); the proof of (i7) follows by a similar argument and is briefly

addressed afterward.

(2). We proceed in two steps. First, we show p* € {p% p°}. Second, we show p* = p? if and only if the
type-H seller transacts online with the o = s buyer.

Step 1. Note the type-H seller’s profit function II7 (p) is given in Lemma A.6. It is straightforward to verify
that 7%(p), 7°(p), and w°(p) are each strictly concave. Therefore, I1(p) has five possible local maxima
that are candidates for the optimal price p*: p®, p©, and p°®, and the breakpoints p; and p,.. Note p* # p°
because no seller transacts offline with the o = r buyer by Lemma A.7. Thus, we p* € {p®, p°} by showing
p* ¢ {p,,ps}. Consider p, first. Note that if v < 1 — wy, then ps < 0, and the result holds trivially. Next,
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suppose v > 1 — w, and assume by way of contradiction that p* = ps. Then we must have
I I
lim —— > lim —— (6)

i.e., ps must be a local maximum of IT¥ (p). Note that the piecewise profit function I (p) switches from

m%(p) to w°(p) at ps. The inequality (6) is therefore equivalent to

on®
dp

or¢
>
= o

P=Ps

P=Ps

Using the profit expressions from Lemma A.3, it is straightforward to show

<a7ra B 8776) ~ ns(@—aqu(y — (1 —ws)))
dp  Op '

p=ps 2qn
Because v > 1 — w;, the expression in (7) is non-negative if and only if

_
7_(1_‘”8).

(8)

qu <

Note that the right hand side (8) is precisely ps (Lemma A.4). Therefore, p* = p, implies ps > qy. However,
the type-H seller generates zero demand for all prices p > g, which contradicts p* = ps,. We conclude
p* # ps. By a parallel argument, p* = p, implies v > 1 — w,. and

(8#6 _87re> _ (1=n)(¢—qu(y— (1 -w,))) >0
Op Op N

p=ps 2qn

)

which implies
¢ R
g < ——F——— = Pr-
7= (1 —w) '
We again obtain a contradiction to p* = p, because the seller generates zero demand for all p > gz . Therefore,
p* € {p",p°}.

Step 2. We now show p* = p® if and only if the seller transacts online with the o = s buyer. Consider two
cases: v <1—wsand v > 1 —ws. Note if v <1 — wg, by Lemma A.4 the transaction is never offline because
v < As(p) for all p > 0. In this case, the profit function is simply II7 (p) = 7%(p), and the result follows. Now
suppose v > 1 — wg, which implies ps > 0. From Step 1, we know ps cannot be a local maximum, and thus
by concavity of 7%(p) and 7¢(p), p® < ps < p® cannot hold. It follows that if v > 1 — ws, one of three cases
must hold: p, < min{p?,p°}, ps > max{p?®, p°}, or p® < ps < p°. In the first case, p, < p® implies 117 (p) has
a single local maximum at p®, which implies p* = p® > ps. Because the transaction is online at p if p < p,
(Lemma A.4), we conclude ps < p® implies both p* = p® and that the transaction is offline. In the second
case, p¢ < p, implies I (p) has a single local maximum at p®, which implies p* = p® < p,, which implies the
transaction is online. Lastly, if p® < p, < p°, II¥ (p) has two local maxima at p® and p°. In this case, either

p* =p® < psor p* = p° > p, must hold. Thus, in all three cases, p* = p® if and only if the transaction is online.

(i3). By Lemma A.6, if v < 1 — w, the type-L seller’s profit function is simply I1*(p) = 7°(p) for all p > 0.
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If v > 1 — wg, the qr, seller’s profit function is then

Wb(p)v if p < ps,
ﬂ-d(p>7 if ps < p.

The result follows by parallel argument to the proof of statement (i), with IT*(p), p® and p? in place of 17 (p),
p® and p°, respectively. O

A.3 Commission Thresholds for Disintermediation and Platform Revenue

The main results in this section are Lemma A.10, which defines thresholds on the commission rate v that
trigger disintermediation, and Lemma A.11, which defines the platform’s revenue function. Lemmas A.12 and

A.13 provide useful properties of the platform revenue function that are used in later proofs.

Lemma A.9 (Sufficient and necessary conditions for disintermediation). Suppose a type-i seller transacts
with a o = s buyer, where i € {L, H}.

(i) For the type-H seller, v < 45(p*) and v < 45(p°) are necessary and sufficient for the transaction to

occur online, respectively.

(ii) For the type-L seller, v < 45(p®) and v < 45(p?) are necessary and sufficient for the transaction to

occur online, respectively.

Proof. The results largely follow from Lemma A.4, which provides the definitions of 45(p) and ps. We briefly
address statement (¢); the proof of (ii) follows by parallel argument and is omitted. First, suppose the trans-
action is online, and consider two cases: v < 1 —ws and 7 > 1 —w,. If v < 1 — ws, then v < J4(p*) must
hold by definition of 4. Now suppose v > 1 — w;. Because the transaction is online, by Lemma A.8 we have
p* = p* < ps. By Lemma A.4, p® < p; implies v < §5(p?), as desired. Now suppose v < 45(p°), and consider
two cases: v < 1—ws and v > 1 —ws. If v <1—ws, then v < 4(p) for all p > 0, which implies the transaction
is online by Lemma A.4. If v > 1 — w, then v < 4,(p®) implies p¢ < ps by Lemma A.4. Because p° is the
maximizer of 7¢(p) and 7¢(p) is strictly concave, p° < ps implies the seller’s profit function TI¥ (p) strictly
decreases in p on [ps,pr|. Further, p* < p,. by Lemma A.7, which implies p* < ps. It follows from Lemma

A 4 that the transaction occurs online. O

Lemma A.10 (Commission thresholds for disintermediation). Let lf, yH, lf, and L be the solutions to
(9a), (9b), (9¢), and (9d) respectively:

7=1—ws+%, (92)
Tl +p“?v)’ (9b)
y=1 wﬁj(bw (9¢)
7=t S (90)

Suppose both type-L and type-H sellers accept the o = s buyer for some~y € (0,7™]. Then for eachi € {L,H},
there exists a unique threshold i € [12,72] such that the type-i seller transacts offline with the o = s buyer
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under their optimal price if and only if v > ~v%. Further, v < ~L holds for all ¢ > 0, and v¢ = li =7 =
1—ws forie{L,H} if $ = 0.

Proof. The proof proceeds in four steps. First, we show the type-H seller’s transaction is online if v < lf
and offline if v > 4| which also establishes that lf < 4H. Second, we show the existence of the threshold
vt € [y, 4%, Third, we show the analogous result for the type-L seller. Fourth, we show the final sentence

of the lemma statement.

Step 1. By definition of lf, we have

H
- (1)

By inspecting the expression for p©(7y) (Lemma A.3), it is straightforward to verify that p°(y) strictly increases
in . Therefore, v < 1? implies
( ¢
<1 —ws+ .
Tope()

By Lemma A.9, the inequality above is a sufficient condition for the transaction to be online. Similarly, if

v > 42 then by definition of ¥ and because p®(7) increases in 7, we must have

¢
p*(7)
By Lemma A.9, the inequality above is a sufficient condition for the transaction to be offline. This completes
the first step.

¥y>1—ws+

Step 2. We now show the existence of the threshold v € [lf ,7H]. To avoid the trivial case where transactions
occur online for all v € [0,7™], we assume v < 4™. Note that the first step of the proof and the definition
of the seller’s profit function I (p) (Lemma A.6) implies 7¢(p®) < 7¢(p°¢) for v > 7 and 7¢(p?) > m°(p°)
for v < 4. Therefore, because 7¢(p?) and 7¢(p°) are both continuous in 7, to prove statement (i) it suffices
to show 7% (p®) — w¢(p°) strictly decreases in v on [lf ,¥H]. Differentiating the seller profit functions, for any

~ on [lf,'_yf] we have

d a/..a c(, .C aﬂ_a dpa 8ﬂ-a ) (87{1: dpc 87(-6 >
— (7 (p®) — 7(p°)) = : + B ' N
dV( (»*) (r°)) ( o dy oy p=pe dp dy 2l p=p°
- 87'(‘0’ . 67'('C
2 T

() 05 ()
(1B (-2)

In the relations above, the second line follows from the envelope theorem, the third from evaluating the

derivative algebraically, and the fourth because p¢ > p* when v € [lf ,7H], which follows from the definitions
of lf and ¥ . Because (1 — 5—;) > 0 and 7, € (0,1), to show %(W“(pa) — 7¢(p°)) < 0 it suffices to show
that 2p* — p® > 0. Note we must have p® < qg because the type-H seller earns zero profit for all prices above
qr- Therefore, it remains to show 2p® > gy. This follows immediately from inspecting the expression for
p® (Lemma A.3), which shows p® > qp/2. Therefore, 7(p®) — 7¢(p°) strictly decreases on v € [lf,"yf], as
desired. Lastly, the result that v = lf =4H =1 — w, when ¢ = 0 follows from the definition of lf and

3.
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Step 3. The proof follows similarly to the result for the type-H seller. Using the definitions of lsL and vL
and the fact that p® and p? are both strictly increasing in v, it is straightforward to show the transaction is
online if v < 7 and offline if v > 4L. Tt remains to show 7°(p®) — 7 (p?) strictly decreases in v on [lsL’ 5.

Differentiating in 7y, we have

A yby dgd on® dp on® ot dp omd
dv(ﬂ #") =) = Op dy oy vy o \Op dy oy 20
_omt| _on?
Iy p=p® Iy p=p?

b d
D))
qr 2 qr.
d
( NsP +77$ d) (1_p>’
2 qr

where the final inequality follows because p® > p® when v € [7L 7L, which follows from the definitions of
7 and 7. Tt remains to show —nyp® + 2 p > 0, or equivalently, 2p® > p?. Note we must have p? < ¢,
because the type-L seller has zero demand for all prices above ¢r, and further 2p® > ¢, by inspection of the

expression for p. It follows that 2p® > qr, > p?, as desired.

Step 4. We now show v1 < ~vL for all ¢ > 0. By Lemma A.10, we have v <5 and lsL < ~E. Therefore, it

suffices to show 72 < ls . Using the expressions in Lemma A.10, 7 < lsL holds if and only if p aﬁf)“JZ‘JH =
pd(lﬁ)‘q:qh Next, note
_H qH d(~L
PO gy = 2 202300 e 2 20240,

The first inequality follows by inspecting the expression for p* (Lemma A.3), the second from Assumption 1,
the third because A > 0, and the fourth inequality follows from Assumption 1. To see that the final inequality
holds, note the type-L seller has zero demand for all prices above g, which implies p?(y) < ¢z, for all v > 0.
It follows that v < 4. Lastly, the result that ! = li =4l =1—w, fori € {L, H} when ¢ = 0 follows by
definition of ' and ;. O

Lemma A.11 (Platform’s revenue function). Let p®, p®, and p¢ be as defined in Lemma A.3, and define

r(y) =" (1 - pa) ,

qH

b b Pb
r°(y) = ynsp (1 - ) ,

qL

c c P°
() == ynep <1 - > .
qH

Then the platform’s commission revenue is given by R(7), where

pr(y) + (L= (0t ify € 0,78],
R(y) = Qure(y) + (L —wr®(n)T  if v e (4L,
pre(7) if v e (v 9™,

and x+ = max{0, z}.
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Proof. To see that the piecewise function R(7) is the platform’s commission revenue, note p and 1 — u are
the shares of type-H and type-L sellers, respectively. By Lemma A.5, the type-H seller accepts both o = s
and o = r buyers and the type-L seller rejects the o = r buyer. Then combining Lemmas A.3 and A.10, the
type-H sellers’ contribution to platform revenue is pr®(y)* if v < v and prc(y)* if v > v, similarly, the
type-L sellers’ contribution is (1 — u)r®(y)* if v < 4F and 0 if v > yL. Further, it is straightforward to verify
algebraically that r®(y) > 0 and r¢(y) > 0 for all & € [$,1] and v > 0; the superscript (-)* is suppressed
accordingly. The function R(y) follows. |

Lemma A.12 (Revenue function properties). Let r%(v), 7°(v), and () be as defined in Lemma A.11. The
following statements hold for all v € [0, 3] and o € [5,1].

(i) r%(7y) is strictly concave and increasing in v, and is independent of o and ¢.
(ii) r°(v) is strictly concave in v, increases in a wherever r°(y) > 0, and is independent of ¢.

(iii) r°(7y) is strictly concave in v for all ¢ and is strictly increasing in v for ¢ = 0.

Proof. (¢). Using the expressions for r%() and p?,

R RIC =]

Differentiating in ~, we have

ore 1 _ 21— N)? i 2c¢%(1 — \)?
oy 4 <qH qu(1 —7)2) 4 (QH(l —7)3> . (10)

By inspection, the first term on the right hand side of (10) strictly decreases in v and the second term strictly
d
v
using the fact that gz > 4c (Assumption 1) it can be shown that lim,_,1 %r“ > 0. It follows that r?(y)

increases in 7. Therefore, =% strictly decreases in +, which implies 7%(v) is strictly concave in 5. Further,

strictly increases in v for € [0, 1].

(i4). Using the expressions for p® and r®(y) (Lemmas A.3 and A.11), we have

b 2 2

b b p nsy (1 —w;)
-, 1-2) = B S

r() = nap ( QL> 4 <qL qr(1—~)?2

Note for any v € [0,~7™], using the expressions for 7 and w, (Lemma A.1) we have

o _ ooy, o 0w,
da Ons O Ow, O
_ (q C2<1 _ws>2> 8775 + (202(1 _ws)> aws

T4 L_qL(l—*y)2 Oa qr.(1 —~)? Do

_ 2 <n"> A— 1)+ (zf(<11_$92>> (1 772)\)/\

>0,

where the strict inequality follows from A € [,1]. Thus r’(y) strictly increases in o if r°(y) > 0. Next,
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differentiating r°(7) in v yields
or? s A1 — wy)? ) 2¢2(1 — wg)? B 2 (1 — wg)?
n<qL_ ( )2)_7M( ( g):TI(qL_(lJr 7> ( 9)2>7 (11)
qr.(1—7) 4\ qr(1—7) 4 1—v) qu(1—-7)
g(v)

oy 4
where for convenience g(7) is defined as shown in (11). Note by inspection that g(v) strictly increases in ~,

which implies %rb strictly decreases in . Hence r’(7) is strictly concave in ~.

C
4 4quC

(¢41). Using the expressions for r¢(y) and p€, for ¢ = gy we have
P L (20— Ne+ng)?
L—=>— ) =n"u :
qu 4

() = neyp° (

where ¢ = 7,(1 =)+ 4n,(1 —y+w,). Differentiating in v and using the fact that %C = —nr— 3105 = 3705 — 1,

we have
ore 1 ((A=Nec 0o )2 _ 20:qu ((1>\)C ns¢>2 LT
av‘”’“q’j’<4 <2ch IqC ) & o ) (73
(12)

B 1 W (1 2y Ns
—an (5 (+E(-3)),

where h = 1(2¢(1 — ) + n,¢). Next, note (12) strictly decreases in v because %C =1n,—1<0and

8(2 4+ 47 — ny(1 4+ 2 —
(2 44y —ns(1+ 2y Ws)21>0,

9 ( ol ) _
oy \ ¢ 21 =7) =ns(1 =7y —ws))
where the strict inequality follows because v € [0, 1], 7, € [0,1] and w, € [0,1]. It follows that r¢(v) is strictly

ore _ Nrdg

Oy 4

concave. Finally, consider the case when ¢ = 0:
( _CQO—W(l %(1_%)»
at ¢ 2/))"
>

. Utilizing this bound on ( along with ¢y > 4c,

Since v < %, we have ( > 1 —v > % Also note w, > wy

A > %, and ns > %, we can write

c 2 1— 2 1 2

ai > r4H 1— c( A) — E

oy 4 16¢2 (3?2 (5
We conclude that 7¢(7y) strictly increases in [0,4™] when ¢ =0 O
Lemma A.13. The inequality () > r°(v) holds for all v € [0,4™] and ¢ > 0.

Proof. We first show the following two inequalities hold:
A
(<1-7+5 (13a)
(13b)

o a=ne Y e [ a-ne)’
' <QH(1_7+>§Y)> = (1 (QH(lfy))>
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To see that (13a) holds, note

s
2

Ui

. A
C=n(l=7+5 Tyl =1yt Bl <1y 4+

(L=7+w) <m(l-7)+ =1

which follows because ws; < 1, 0, < 1, and ns < A. Next, for (13b) we have

(e )2 1 (1=2)
qr (1—7+7) (2+>‘) 16
<
1-X

_ ( (1—A>c)2 T-(2) T B

qu(1—7)

The first inequality above follows by noting the ratio in the left hand side is decreasing in ¢y and increasing

in v, and because gy > 4c and v < % by Assumptions 1 and 2. The second inequality follows because

the intermediate expression decreases in A and because A > L We can now prove the lemma statement.

2
Note

rc<v>—wH< (2qu 4§f<)2>
= e (i (2ch >>
(le )
gt (1= (%))

16
=15 ()
8 a
< 5" (7).

The first line follows by definition of r¢(v), the second line follows because r¢(7y) strictly decreases in ¢, the
third line follows using the upper bound on ¢ from (13a), the fourth line follows using the inequality (13b),
the fifth line follows from the definition of r%(v), and the final line follows because 7, < l since A > 1 ]

B Proofs for Section 3: Optimal Commission and Platform Rev-

enue

B.1 Proof of Proposition 1

We first present two useful lemmas used in the proof of Proposition 1 and elsewhere: Lemma B.1 presents
comparative statics with respect to ¢ for different candidate solutions for the optimal commission rate v*,
and Lemma B.2 provides a characterization of the optimal commission rate v*. For use in the remainder of
the appendix, define v* := argmax, ¢(o 1 7°(7) and ¥*¥ := argmax, ¢ ,m) {#r®(v) + (1 — p)r¥(y)}, where
z,y € {a,b,c} and the r*(vy) functions are as defined in Lemma A.11. For convenience, we describe these

quantities informally below:

e () is the platform’s revenue from a type-H seller when the seller transacts only online, and ~* is its
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unconstrained maximizer,

e r°(7) is the platform’s revenue from a type-L seller when they transact online with the o = s buyer

(and reject o = r buyers), and 4? is its unconstrained maximizer,

e 7¢() is the platform’s revenue from a type-H seller when the seller transacts online and offline with

o =r and ¢ = s buyers, respectively, and ~¢ is its unconstrained maximizer,
e 7% — which is the only quantity of the form v*¥ used in the following proof — is the optimal commission
rate when both type-H and type-L sellers transact online.
Lemma B.1. The following statements hold. (i) ¥* and " are both independent of ¢, (ii) ¢ strictly decreases

in ¢, and (iii) v and L strictly increase in ¢.

Recall that v and vF denote the smallest commission rates at which the type-H and type-L sellers transact
offline with o = s buyers, respectively (Lemma A.10). Intuitively, an increase in the switching cost leads to
an increase in the commission rates at which sellers disintermediate, which is captured by statement (éi7) in

the lemma above.

Proof. (i). The result follows by noting that 7%(7) and r°(v) are independent of ¢ (Lemma A.12), and thus
so are their maximizers v% and 4°. This is because for fixed v, the switching cost does not affect revenue

when all transactions occur online.

(¢%). Applying the implicit function theorem, we have

d"}/c o (927’6 827"6 -1
do Oy Oy?

2
Note 86—727“0 < 0 at v = ¢ because ¢ is the maximizer of r¢. Therefore, %fyc has the same sign as ﬁr .

Using the expressions for p¢ and r¢(vy) from Lemmas A.3 and A.11, we have

r(y) = np° (1—pc> . (2(1/\)C+778¢>2
T . r VY4 H 4 4(]H< )
where ¢ = 7,(1 —v) + 375(1 — v + w,). Differentiating in v and using the fact that %C = ins— 1, we
are 1 1—=\e B 2 20, 1—X)ec s ? s
A _(( )+77¢) _ngHv(( )+17¢> (1_7L>
Oy 4 2qu¢  4qu¢ ¢ 2qn dqn 2

_ 1 h? 1 2’Y Ns
—wan (5= (+ E0-5)),

where h = 1(2¢(1 — ) + n,¢). Because h increases in ¢, we conclude %rc < 0 and thus %'yc < 0.

c

Y=

have

(¢¢2). We first show d%'yf > 0, followed by showing %%L > 0. Note by the proof of Lemma A.10, v is the
unique solution to 7%(p®) — w¢(p°¢) = 0. Note 7%(p®) depends on v and 7¢(p°¢) depends on both v and ¢. For
convenience, we define the function 77 (v, ¢) := 7%(p®) — 7¢(p°). It follows that 7~ (v, ¢) = 0. Taking the

total derivative of this equation with respect to ¢, we have

on~ dyH n or~
Oy do 09

dm~
ds

=0.

=y

y=~H
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Because v is the unique solution to 7= (7, ¢) = 0 by Lemma A.10, we must have %77’ #0aty=~H. We

can therefore re-arrange for %*yf to obtain

dff __(om\ (om )\
dg __(&b)(@v)

Next, we show %75 > 0 by showing %w_ < 0 and 6%77_ > 0 at v = v2. First, the proof of Lemma A.10

=¥

shows that 7~ (v, ¢) strictly decreases in v on the interval [lfﬂf], and that v € [157 7H]. Tt follows that

a—iw*(v, ¢) < 0 at v =~H. Next, for all v € [0,7™] we have
o= 0 ., .
87(;5 = 8¢7T ()
o (1 pc> }
=2 (1= ) pr21 — ) — (1 =y — ws)) — 2¢(1 — \) — s
A5 (17 Z) 020 =)~ a1 =9 = ) = 2601 = ) = 1.0)
= <1 - p>
2 q
> 0.
The first line follows by definition of 7~ (v, ¢) and because (,%71'“(}7“) = 0, the second by plugging in the

expression for 7¢(p¢), and the third from noting p¢ is the maximizer of 7¢(p) and thus applying the envelope
theorem to compute the partial derivative. The strict inequality follows because p® maximizes 7¢(p) and the
seller earns zero profit for all prices above ¢z, which implies p¢ < gqy. Because a%w_ < 0 and a%>77_ >0
at v = v we conclude d%%H > 0, as desired. Next, we show d%*ySL > 0 using a similar argument to that
above for %'yf > 0. Note by the proof of Lemma A.10, vZ is the unique solution to 7°(p®) — 7%(p?). Let

7(7y, ¢) = 7w (p?) — w¢(p?), and note 7(vE, ¢) = 0 by definition of vL. Taking the total derivative with respect

to ¢ yields
_(orint or
y=v¥ S \9v dé 90

Because v~ is the unique solution to 7(7, ) = 0 by Lemma A.10, we must have 8%7? # 0 at v =L, We can

dm

— =0.
ds

y=vk

therefore re-arrange for ﬁ’yf to obtain

dyE (om0
dp (&b) (av)

Next, we show %’yf > 0 by showing %7’7 < 0 and a%sﬁ > 0 at v = vL. First, the proof of Lemma A.10

=~k

shows that 7(y, ¢) strictly decreases in v on the interval [lf,'_ysL], and that vZ € [lgL,'_ysL]. It follows that
a%ﬁ(”y, #) <0 at v = v, Next, by parallel argument to the proof for d%yf above, we have

96 d¢77(]9)
d (1 pd> d }
=——q9-ns |1 —— 1—v+ws) —2c(1 —ws) —
o an (1= L) 0 -+ ) = 2cl =) - )
d
()
2 qL
>0
Because %7?<Oand 3%)7_r>0at'y:’yf,weconclude d%’ysL>0. ]
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Lemma B.2 (Optimal commission rate). The following statements hold.
(i) There exists a € (5,1] such that v* = min{y, 4™} if « < a and ¢ > 0.
(ii) There exists & € [a, 1) such that v* = min{~°,v™} if a € [@,1] and ¢ = 0.

Unpacking the above lemma, part (i) states that when information quality « is low, the platform chooses a
commission rate no greater than v and so all transactions occur on-platform. At high values of o under no
switching cost (part (i¢)) , the only transactions that occur on-platform are between the type-H seller and

o = r buyer.

Proof. (i). Note for any v > 0 and o = 1, the type-L seller’s profit is

2 2 2
(") = (1 -7z (; - ;;Zf‘f)%) < (T=7)qr @ - (1;;)0) = (=7 (; - W) <0,

which follows because at ¥ > 0, ws = A at a = 1, and ¢7, < (1—\)c by Assumption 1. Since 7°(p®) < 0 implies

that the type-L seller rejects all buyers, we conclude the type-L seller’s contribution to platform revenue at

1
2

a < @&. Thus, for a < @, the platform’s revenue is given by (Lemma A.11)

a = Lisr’(y)* = 0. It follows by continuity of 7°(p®) in « that there exists & such that r°(y)* = 0 for all

pre(y) if y € [0,47],

R(y) =
! pre(y) ify e (v, 4™

1
2
ws = Wy, and thus v = 42 . Tt follows from Lemma A.7, that v = v > 4™ at a = % Further, because

Next, using the expressions for w, and w, (Lemma A.l), we have wy = w, = X for @« = 5, which implies

7% () strictly increases in 7 (Lemma A.12), we conclude v* = min{y#,7™} at o = . Finally, the existence of
the threshold o < @& follows because v/ is continuous in & and r¢(y) > r¢(«y) for v > 0 by Lemma A.13.
(#4). By Lemma A.11, the platform’s revenue function is
pre(y) + (L= prt()* iy € 0,57,
+

(L—pwrP(y)T  ifye (8,45,

pre(y) if v € (v, 7™)-

Note 7¢(7y) is strictly concave in v by Lemma A.12. Therefore, to show v* = min{~¢,7™} it suffices to show

that the following three inequalities hold:

min{y°, 7"} > vk,

pre(y™) > max pr®(y) + (1 — p)r(y)*, (14a)
~v€[0,7H]

pre(y™) > max pr(y) + (1 - p)r’(7)". (14b)
vye(vH ~L]

We show 7* = min{y¢,7™} holds at o = 1. Note ¢ = 0 and o = 1 implies w, = 1 and thus v/ = ~f =0 by
Lemma A.10. Therefore, in this setting the right hand sides of (14a) and (14b) are both zero. It remains to
show 7¢(y™) > 0. Note

1— ,ym

s m 1
<:nT(1_’7m)+7(1_’7L+WS)Z (77r+77s)(1—’7m)= 2 21

DN | =
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Because ¢ > % and gy > 4c¢ by Assumption 1, we have qg{ > ¢. Using this inequality, we can write

re(y") =y an (i - (g;ﬁgc)z) > " qn (i - <(1 g A))2> >0,

where the final inequality follows because A < 1. Therefore, v* = min{~¢, 7™} if ¢ = 0 and o = 1. Finally,

the existence of the threshold @ < 1 follows because vZ and vF and the functions 7¢(7), 7(v) and r¢(v) are

all continuous in a. O

Proposition 1. Let v*(¢p) be the platform’s optimal commission rate under switching cost ¢. There exist
thresholds o € (1,1] and & € [, 1) such that the following statements hold.

(i) Suppose information quality is low, i.e., « < «. Then the optimal commission rate v*(¢) weakly

increases in the switching cost ¢ for all ¢ > 0.

(ii) Suppose information quality is high, i.e., « > a&. Then there exists ¢ > 0 such that for each ¢ > ¢, the
optimal commission rate is higher in the absence of switching costs, v*(0) > v*(¢), where the inequality
is strict if ¥*(¢) < 4™. Further, there exists ¢ € (0,¢] such that v*(¢) strictly decreases in ¢ on
¢ € [0, ] wherever v*(p) <™.

Proof. This proof makes use of Lemmas B.1 and B.2. (). By Lemma B.2 there exists a € [3,1] such that
if a < a, then v* = min{y%, v} for all $ > 0. That is, the optimal commission rate v* ensures that all
transactions occur on-platform, e.g., see role of v in Figure 1. By Lemma B.1, v* is independent of ¢
and v strictly increases in ¢. It follows that v* = min{y?, v} weakly increases in ¢ for all ¢ > 0. In
summary, when the information quality is low, all transactions occur on-platform. Further, any increase in
the switching cost only strengthens the platform’s pricing power, as sellers are less inclined to go off-platform,

even at higher commission rates.

(). The proof proceeds in two steps. First we show 7*(0) > v*(¢) holds for sufficiently large ¢ and «.

Second, we address the comparative statics result.

Step 1. Note by Lemma A.11, the platform’s revenue function is

prt(v) + (L= p)rb ()™ if y € (0,44,
+ (1 =)yt ify e (vE A,
pure(7) if v € (vE, ™).

Because ws = 1 at a = 1 (Lemma A.1) and v = 4L =1 —w, at ¢ = 0 (Lemma A.10), we have v/ =~L =0
at ¢ = 0 and o = 1. When a = 1, transactions with the ¢ = s buyer will always occur offline, as the
commission thresholds for disintermediation are zero. By continuity of v and v in «, it follows that there
exists & € [3,1) such that v* = min{y%,7™} if ¢ = 0 and o > &. Note that v* = min{y% 7™} implies that
the only transactions that occur online are between the type-H seller and ¢ = r buyer. Similarly, because
vH strictly increases in ¢ (Lemma B.1), when the switching cost is sufficiently high, the platform can set
its commission rate to guarantee that all transactions occur online. Formally, there exists ¢ > 0 such that
v* = min{y® 4™} if ¢ > ¢. Because v** does not depend on ¢, it remains to show there exists @ € [&, 1)
such that y® < 4¢ if @ > @ and ¢ = 0. In other words, the platform’s commission rate at ¢ = 0 (7¢) is larger

than its commission rate when switching costs are large (y°).

48



To show this, we first define an auxiliary function ¢*(v) for each = € {a,b, c}. To define £*(v), we differentiate
r%(7) in 7 to obtain

R B U =)

£9()

Similarly, for £°(v) we have

oo (RS - ) e () W)

e (v)

For ¢°(v),

ore
vy

— % {’anpc (1 - 5;)}
2 o (3- (529}
o (S (3 () )+ 2 (5,

£e()

Note because r%(7) is strictly concave in «y for each z € {a,b,c} (Lemma A.12), £*(v) strictly decreases in
~v and £*(y*) = 0 for each = € {a,b, c} by definition. Using these properties, it is straightforward to verify
that v* <~ for all o € [$, 1]. Further, because r®(v) and r’(y) are both strictly concave in 7, we must have
7P < 4 < 49 for all o € [5,1]. It is then sufficient to show there exists @ € [@&,1) such that v* < 4 for
a > a. Using 8%777’ =1-2Xand a%( = 2((1 = X) —y(2X — 1)), it can be shown algebraically that

A(L+7)(1 = N)?
(L—=9)?

,%] and A € [1,1]. By continuity of ¢(v) and ¢%(y) in «,

it follows that there exists & € [&, 1) such that £*(y) < ¢°(y) for all v € [0,7™] if & > &. Therefore, for all

a > a we have (%(y%) = 0 < £°(y?), which implies 7% < 7¢. Because 7%* < 7%, we conclude v** < 7¢if a > &

and ¢ = 0. Because v* = min{y®,7™} for all ¢ > ¢ and v* = min{~°,7y™} for ¢ = 0 as established at the

beginning of the proof, we conclude v*(0) > 7*(¢) for all ¢ > ¢ and o > a. Finally, to see that the inequality

lim {£°(y) = °(1)} =421 = N2 =12 = N) + i (2 =12 = N)* = 1) + >0,

where the strict inequality follows because v € (0

is strict wherever v*(¢) < 4™, note v*(¢) < 4™ implies v*(¢) = 7%® < min{y¢,y™} = v*(0).

Step 2. From part (ii), we have v* = min{y¢,7™} for ¢ = 0 and @ > a. Further, since the thresholds v/
and vF and the revenue functions 7%(7), r°(7), and 7¢(v) are each continuous in ¢, it follows that there exists
¢ > 0 such that v* = min{y¢,7™} for all ¢ < ¢ and o > a. The result follows because v¢ strictly decreases
in ¢ (Lemma B.1). O
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B.2 Proof of Proposition 2

Proposition 2. Let R(y*) be the platform’s revenue under the optimal commission rate v*. There exist
thresholds o, € (%, 1] and & € [a,1) such that the following statements hold.

(i) Suppose information quality is low, « < a. Then the platform’s optimal revenue R(v*) weakly increases
in the switching cost ¢ on ¢ € [0, 00).

(ii) Suppose information quality is high, o > a&. Then there erists ¢ such that the platform’s optimal
revenue R(y*) strictly decreases in the switching cost ¢ on ¢ € [0, ¢).

Proof. (i). By Lemma B.2, there exists « such that if @ < a, then v* = min{y®,vH 4™} for all ¢ > 0
and r?(y*)* = 0. That is, the low information quality ensures that type-L sellers do not transact at all and
it is optimal for the platform to choose a commission rate where type-H sellers fully transact online as the
disintermediation threshold v is sufficiently large (e.g., see Figure 1). Pick a < a. It is straightforward to
show that because v, v r¢(y) and r¢(y) are all continuous in ¢, so is R(y*). It remains to show R(y*)

weakly increases in ¢ in three separate cases: v* =%, v* = vH and 4* = y™.

Case I: v* = v%. Following the proof of Lemma B.2, we have r?(y)™ = 0 for all v > 0 if a < a, which implies
R(y) = pr®(7). Then
B or® dvy* n or¢
e oy de T 00

The first equality follows from taking the total derivative with respect to ¢, the second equality follows from

o or®

dR
do

— 0. (15)

Y=

Y=
the envelope theorem because v is the unconstrained maximizer of r*, and the third equality follows because

r® is independent of ¢ (Lemma A.12). Hence R(y*) is independent of ¢ when v* = .

Case II: v* = ~™. In this case, we again obtain (15), except the second equality holds because ﬁ'y* =0 for
~v* = ~™ instead of by the envelope theorem. Hence R(v*) is independent of ¢ when ~v* = ~™.

Case III: v* = v, Because 6%1"“ =0 (Lemma A.12), we have

ordy*  Or®
M\ T o
y=~H v do ¢
To see why the strict inequality holds, note v strictly increases in ¢ (Lemma B.1) and v* = v implies we

)
must have 877"“ >0 at y=~H.

dR
do

or® dv*
= Y > 0.
y=~H Iy do y=~H

We conclude that R(y*) strictly increases in ¢ if v* = v2. Statement (i)

thus follows.

(i7). By Lemma B.2 and the continuity of the thresholds v and 4L in ¢, there exists ¢ > 0 such that
7" = min{y¢,7™} for « > @ and ¢ < ¢. Pick a > a. We show R(7*) strictly decreases in ¢ at each ¢ € [0, ¢]

by considering v* = ¢ and v = ™ as separate cases.

Case I: v* = 4°. In this case, we have

B ore d~* n ore
e Ny as T 90

where the first equality follows because R(y*) = urc(v*) for v* =+, and the second equality follows by the

dR
do

o or°

b
y=v° y=v°

envelope theorem because 7 is the maximizer of r°(7y). Next, using the expressions for r¢(y) and p° from
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Lemma A.3, we have

or¢ 0 . p°
7o (1-5)
0 1 (201 = Ne+n0\?
:&;S{nTqu<4_(4(]HC)>}
sy (2(1 = ANe+ ns9)
8qm (>
<0. (16)

It follows that R(~*) strictly decreases in ¢ if v* = ~¢.

Case II: v* = ~™. Similar to Case I, we have

. or¢dy™ n ore
e oy as "0

where the second equality follows because d%q/m = 0 and the strict inequality follows from (16). Therefore,

o

dR
de

<0,
Y=

Y=y

R(vy*) strictly decreases in ¢ if v* = ~™. 0

C Proofs for Section 4: Optimal Information Quality

C.1 Proof of Lemma 1
Lemma 1. There exist thresholds ¢ > 0 and b > ¢ such that the following statements hold.

(i) Suppose the switching cost is high, ¢ > ¢. Then the platform’s optimal revenue R(v*) weakly increases
in information quality o on o € [%, 1].

(ii) Suppose the switching cost is low, ¢ < ¢. Then there exists o € (3,1], & € [a, 1) and X € [5,1) such
that the platform’s optimal revenue R(y*) weakly increases in o on a € [%,g] for all X € [%, 1] and

strictly decreases in o on « € [, 1] if A > .

Proof. (i). By Lemma B.1, v/ and «% are both strictly increasing in ¢ for each o € [%, 1]. Tt follows that
there exists ¢ such that v > ™ and v% > 4™ for all a € [1,1]. Therefore, by Lemma A.11, for each ¢ > ¢
the platform’s revenue is given by R(y) = pur®(y) + (1 — p)r®(y)* for all € [§,1] and v € [0,7™]. Let v* be
the maximizer of R(y) on v € [0,7™]. Because 7°() increases in « for each v € [0,7™] such that 7°(y) > 0
(Lemma A.12), there exists & € [1,1] such that 7°(y*) > 0 if and only if & > &. Note r?() is independent of
a. Therefore, for each o < &, R(v*) is also independent of .. Next, for each @ > &, we consider two further

cases: 7 <™ and v* = ™. If v* < 4™, then

oRdy o
Oy da O

or
da Y=

@
do

_om
. Oa

y=y

>0
o

=1 -n

Y=

="

where the second equality follows from the envelope theorem, the third equality follows because a%r“ =0,

and the strictly inequality follows because %rb > 0, as established above. If v* = 4™, then %7 =0 at
v =~™, and we again obtain %R >0 at y=~%.
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(¢2). The proof proceeds in three steps. First, we show that for v € [0,7™] and ¢ = 0, ¢ strictly decreases
in a for all A > X = 0.52. Second, we address the upper threshold &. Third, we address the lower threshold

Q.

Step 1. Using v < %, we have the following lower bound on (:

C=(=n)(1 =7+ B =y +w)> 1”8+”;(+w3> SEEREE an

2

Suppose ¢ = 0. Then
ore 0 1 (1-Ne)”
= ae o (1 (50)
_ Oy 1 (I=Xe 2 20rvqr (1= MN)e 2 9¢
‘aaWH<4_( 2quC ))* ¢ ( 2q11¢ ) da
1 /1-2\%\) 2n /1-=A\?1-2)\
=t (“‘2” (4‘(8) (%) z)
1 1-2)? 4 1-2)?
< dey (“‘2” (4_<3+2/\) )*w(w) “—A)) (18)

The third line follows because a%m =1-2\, 2¢=1((1-X)—~v(2A—1)) < 3(1— ) and gy > 4c, and the
fourth line follows from the lower bound on ¢ from (17). Next, let A = 0.52. Plugging in A = 0.52, we obtain

the bound ) )
1 1—A 4 1—X cy
4 1-22)-—-(—= — | — 1-A) ) <——x<0.
w(( )<4 (3+2)\>>+3+2>\(3+2>\> ( ))— 100 ©
Next, note that the upper bound on a%rc in (18) strictly decreasesin Aon A € [%, 1], and is strictly negative for
A = 0.52. Tt follows that for any v € [0,7™] and ¢ = 0, r°(7) strictly decreases in « for all A > X = 0.52.

Step 2. Tt follows from Lemma B.2 and the continuity of v/ and v that there exists ¢ >0 and a <1 such
that for each ¢ < ¢, v* = min{~¢,7™} for all a € [a, 1]. Further, following the proof of Lemma B.2, we also
have v¢ > vL for ¢ < ¢ and o € [@,1]. Now let A > X and consider two cases: v* < ™ and 7* = ™. If
v* <A™, then v* = ~¢, and we have

@
do

o
c_“aa

< 0. (19)

=p
d y=r¢

o
Y=7°

=y

The first equality follows because v¢ > v implies R(v¢) = ur¢(y¢) (Lemma A.11), the second equality follows
from the envelope theorem because ¢ is a maximizer of r°(y), and the strict inequality follows from Step
1. It follows that if ¢ < ¢ and A > A, then R(y*) strictly decreases in @ on a € [&,1]. In the case where

~v* =~™, we have %’y* = 0, from which (19) again follows.

Step 8. For the lower threshold «, first suppose ¢ = 0 and a = % Note that a = % implies w; = wy.,
and thus v# = 4. By Lemma A.10 we have v = 1 —w, > 4™, which implies v > 4™. Further,
because v strictly increases in ¢ by Lemma B.1 and is continuous in «, there exists a € [%, a] such that
vH > 4™ holds for all ¢ < ¢ and a < a. It follows from Lemma A.11 that the platform’s revenue is given
by R(v) = ur®(y) + (1 — u)r®(y)T. Let 4* be the maximizer of R(7y). Note 7%(7) is independent of a and

rb() strictly increases in o (Lemma A.12). The result that R(y*) weakly increases in « then follows by an
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identical argument to the proof of statement (7). O

C.2 Proof of Proposition 3

We first present two supporting results that are used to prove Proposition 3: Lemma C.1 presents comparative
statics with respect to « for different candidate solutions for the optimal commission rate v*, and Lemma C.2

proves a useful property that holds at the optimal information quality and commission rate (a*,~v*).

Lemma C.1. The following statements hold. (i) v* is independent of a for all ¢, (ii) «° strictly increases
in a for all ¢, (iii) ¢ strictly increases in o if ¢ < ¢ for some ¢ > 0, (iv) v strictly decreases in o, and

(v) vE strictly decreases in o if ¢ < ¢ for some ¢ > 0.

Proof. (t). Note r%(v) is independent of o (Lemma A.12), which implies the maximizer v is also independent

of a.

(#4). Note rb(v) does not depend on ¢, which implies £~* has the same sign for all ¢. By the implicit

d® 92rb 92,0\ !
da (avaa> (W )
By Lemma A.12, r°(7) is strictly concave in 7, which implies 8‘9—;7’1’ < 0 at v =~ It follows that %yb has
82

function theorem, we have

y=~*

into r*, we have

the same sign as 590 r? at v = 4. Next, using the expressions in Lemmas A.3 and A.11 and plugging p°
or? B

o)
)R (o)
SIEE =]

Note 7, and wy both strictly increase in o by Lemma A.1. Thus, by inspecting (20) it can be verified that

a%rb also strictly increases in «.. It follows that 832(1 r? > 0, and thus 7 strictly increases in a.

(¢¢¢). By the implicit function theorem, we have

d’)/c - a?rc 82rc -1
da OyOa Oy?
By Lemma A.12, r¢ is strictly concave in -, which implies aa—;rc < 0 at v =~°. It follows that %’yc has the

. 2
same sign as 83%7““ at v = v¢. Next, note

c __ 1 (1 — )‘)C ns(b ?
¢ = NyqH <4 - ( ot T 4qHC> ) (22)

where ¢ =n,-(1 —~) + ns%. Differentiating in -, we have
ore 1 1-Ne  n0 \?\  2n, 1-Ne 70\ )
o an <( )+77¢>) nim(( )+77¢) (17?77)
Iy 4 2gu¢  4quC ¢ 2qu 4qn 2

93

(21)

Y=7°




_ 1 w1 gl s
wn (3 (@425 0-%)))

g(a,y)

where h = 1(2¢(1 — A) + 15¢) and g(«, ) is defined as above for convenience. Differentiating again in o and

dg | Oy > ’ < 89)
=5+ g =\
e ( da  Oa ey O

The second equality above follows because ~¢ is the maximizer of r¢(v), which implies a%rc =0 at v =~°.

By (22), this implies g(a,~v¢) = 0. It remains to show %g(a,’yc) > 0. Note by inspection that g(a,) is

evaluating at v = ~¢ yields

827,.0
loats/e"

y=n°

increasing in ¢ and 7 for each ~y; therefore, it suffices to show a%( > 0 and 6%775 > 0. Using the expressions
for ns and ws (Lemma A.1), it can be shown algebraically that

fe = ae -+ BRI Shmien a0

where the final inequality follows because A > % By Lemma A.1, we also have 6%775 =2X—1 > 0 when
A > 1. Because %C > 0 and %173 >0for ¢ =0and A > %, we conc{ude g(a, 7€) strictly increases in . This
establishes that %'yc < 0 for ¢ = 0. The existence of the threshold ¢ > 0 follows because r¢(v) is continuous

in ¢, which by (21) implies %’yc is continuous in ¢.

(iv). By Lemma A.10, v is the unique solution to 7¢(p®) — 7¢(p¢) = 0. For convenience, define the function
7 (a,7) := 7(p*) — 7°(p®). By definition, for each o € [5,1] we have (o, y') = 0. It is straightforward
to verify that 7%(p®) and 7¢(p°) are both differentiable in o and «y. Therefore, we can differentiate 7~ (c, )

with respect to a to obtain

dn™

Ao =0

y=~H

_ (Oor dyE n on~
T\ Oy da da

=y

Because 77 (a,7) = 0 strictly decreases in 7 on the interval [y, 5] by the proof of Lemma A.10, we have

8%71'_ < 0 at v = 7. We can therefore re-arrange for %'yf to obtain

A on_ (97 (o)
da® = Oa oy

Because %w‘ <0, %75 < 0 holds if %w‘ < 0; we show the latter inequality holds. Note

y=~H

o~ _ dr(p®)  dr(p°) _ dr(p°)
da do do da

where the second equality follows because 7® and p® are both independent of «, and the right hand side is

the total derivative of w¢(p°) with respect to «. Further, we have

dm®
do

_ On°
T da ’

(v:p)=(vH ,p°)

(oo on
~\ 9p Oa Jda

(v:p)=(vH,p°) (vsp)=(vH,p°)

because 6%775 = 0 at p = p° by the envelope theorem. Therefore, it remains to show a%wc >0 at (y,p) =

o4



(vH,p). Writing out this partial derivative using the expression for 7¢(p), we have

%7: = % {ns (wsbs(p) — ¢ — (1 —7)p) <1 - ;)}
= 20 ) o (1) (1= 2 ) e n 2o (2, (23)

qH

Next, we show the expression in (23) is strictly positive at (v, p) = (v, p¢). Note we must have (1 — 5—;) >0
because the type-H seller has positive demand at p = p°. Note also that v is the commission rate at which
the seller is indifferent between transacting online and offline; using this fact it is straightforward to show
that (wsbs(p) — ¢ — (1 —)p) > 0 and bs(p) > 0 at (v,p) = (v2,p°). Because 8%775 =2X—1 > 0, we conclude
the first term in (23) is positive. For the second term, note

Owsbs(p) 10w, (I—=X)A

da 200 21—t (alr—1)) "

where the first equality follows using the expression for bs(p) (Lemma A.2) and the strict inequality follows
because \ € [%, 1]. Therefore, %ﬂ'c(p) > 0 at (v,p) = (v, p°), as desired. We conclude v strictly decreases

in .

(v). Let ¢ = 0. It follows from Lemma A.10 that

VE o, = (1I-a)(1-=2X) .
a(l—X)+(1—-a)r
Differentiating in «,
dyi (1— M)A

de — (a(I=X)+(1—a)r)? <0

Therefore, vL strictly decreases in o on o € [%, 1] when ¢ = 0. Finally, to see that there exists a threshold
¢ > 0 such that %’ySL < 0 for ¢ < ¢, note that %75 can be shown to be continuous in ¢ using the fact that

vL is the solution to 7°(p®) — 7¢(p?) = 0, where 7°(p®) does not depend on ¢ and 7¢(p?) is continuous in ¢.
[l

Lemma C.2 (Optimal information quality and commission rate). Suppose v* < 4™ holds at the optimal

information quality and commission rate (a*,~*). Then v* € [y L.

Proof. We show neither v* < v nor v* > 4L can hold if v* < 4™. By way of contradiction, suppose
v* < vH holds at (a*,7*). Because v = 0 at a = 1, v* < v implies a* < 1. Further, because r%(v) strictly
increases in v on 7 € [0,7™] (Lemma A.12), we must have 7°(y*) > 0; otherwise, we obtain a contradiction
to v* < vH. Because v is continuous and strictly decreasing in o (Lemma C.1), there exists & > a* such
that v = 4* at a = @ To make dependence on a explicit, we slightly abuse notation and write R(«,) to

denote the platform’s revenue. Then we can write
R(a*,y") = pr(a”,7") + (1 = w)r’ (@, )" < pr®(@,7") + (1 = w)r(@,7) " = R(@7"),  (24)

where the strict inequality follows because 7%(y) and r°(y) are independent of and increasing in «, respectively
(Lemma A.12), and the two equalities follow by noting v* < v at both a* and &, and applying the definition
of R(v) from Lemma A.11. Note (24) contradicts the optimality of a*, which implies v* < v cannot hold.
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Next, suppose v* > vE. Then
Rla*.~*) = Cf Kk % a( kox) a (1 % =R 1 % 25
(@, 7)) = pré(a”,7") < prt(a”,y") = prt (5,7%) = R (3,77) - (25)

The first equality follows because v* > 7L, the strictly inequality follows by Lemma A.13, the second equality

follows because r%(v) is independent of «, and the final equality follows because v > 4™ for a = % Note

O

(25) contradicts the optimality of a*, and so v* > L cannot hold. The result follows.

Proposition 3. Let o be the platform’s revenue-mazximizing information quality when jointly optimized with
the commission rate. There exist thresholds fi € [0,1], ¢ >0, a € (%, 1) and & € (a, 1) such that the following

statements hold.

(i) A no-information policy is optimal o* = % if the share of type-H sellers is large p > i and there is no
switching cost ¢ = 0.

(ii) A partial-information policy is optimal o* € [a, &] if the share of type-H sellers is small p < @i and
there is no switching cost ¢ = 0. Further, o strictly decreases in p for all p € [0, fi].

(iii) A full-information policy is optimal o =1 for all p € [0,1] if the switching cost is high ¢ > ¢.

Proof. The proof proceeds in five steps. First, we define two thresholds, a® and &, which are used in the
remainder of the proof. Second, we show that if ¢ = 0, then there exists i € [0,1] such that the optimal
information quality satisfies a* < min{a® &} if 4 > /i and o* > max{a®,a} if u < fi, which is used to prove
statement (¢). Third, we define the thresholds o and @ and show o* € [, @] if u < i and ¢ = 0. Fourth, we
show a* is decreasing in p when o* € [a, @], which combined with the third step proves statement (iz). Fifth,
we prove statement (iii). Note that by Lemma C.2, the platform’s optimal policy (a*,~*) satisfies o* € [, 1]

and v* € [yH,yE] U~™; therefore, we restrict attention to those sets throughout the proof.

Step 1. Note a = % implies w, = w, and thus v = v, Because v > ™ by Lemma A.7, and v strictly
decreases in a (Lemma C.1), it follows there exists a unique threshold & € (%, 1) such that v > 4™ if and
only if & < &. Next, let v*(«) be the optimal commission rate for fixed a. We show there exists a unique
threshold o € (1,1) such that r®(y*) > 0 if and only if a > a®. To see this, note

e ]

C (1 —7)?
h(7)

where for convenience we define h(y) to be the expression inside the parentheses. Next, differentiating h in «

_(onar o
-\ 0y da = Oa

By inspection of h, we have %h < 0 and %h > 0 for any v € [0,9™] and o € [, 1]. Further, because ¢ = 0,

yields

dh
do

y=v* y=v*

™1, Because v decreases in a,

we have v7 = v which combined with Lemma C.2 implies v* = min{~y? v
we must have -£~* < 0. It follows that -Lh > 0 at v = y*(a) for all a € [3,1]. Because r’(y) > 0 if and
only if h(7) > 0, we conclude there exists a unique threshold a® € [1,1] such that °(v*(@)) > 0 if and only

b

if @ > . Lastly, it can be verified algebraically that r’(y) < 0 at @ = § and r’(y) > 0 at a = 1 for any

7 € [0,9™], which implies o® € (1,1).
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Step 2. We now show there exists i € [0,1] such that o* < min{a® &} if p > i and o* > max{a®,a} if

i < Ji. There are two cases to consider: a® > & and o’ < a.

Case I: o > &. In this case, the platform’s revenue as a function of « can be written as

Note 7%(v) is independent of a and strictly increasing in v on v € [0,7™] (Lemma A.12) and v is strictly
decreasing in a (Lemma C.1). Combining these with the revenue expression above imply either a* < & or
a* > ab must hold for all u € [0,1]. Because 7%(y™) does not depend on «, it follows that a* < & if and only
if the following inequality holds

max {p(r(7") = r* (") + (L= w)r* (1) "} < 0, (26)

It remains to show (26) holds if and only if ;4 > i for some p € (0,1). Note if p = 0, then (26) cannot hold
because max,sqo 7°(v2) > 0. If 4 = 1, then (26) holds strictly because v < 4™ on a > o and r* is strictly
increasing in 7. Lastly, note the argument in (26) is strictly decreasing in u for every value of o because
r¢(vH) < r%(y™) by Lemma A.12, which implies the left hand side of (26) is also strictly decreasing in p.
Because (26) does not hold at g = 0, holds strictly at © = 1, and the left hand side is strictly decreasing in
1, we conclude there exists a unique i € (0,1) such that (26) holds if and only if g > fi. The result follows

because & = min{a’, &} and a® = max{a®, &} in this case.
Case II: a® < @. In this case, the platform’s revenue is

pr(y™), for a € [1,a?),
R(y") = qure(y™) + (1

e p)rt(y™)*t,  for a € [af, @),
prt (v + (1

—w)rP(yH+, for a € [a,1].
Note that because r° strictly increases in  (Lemma A.12) , either a* < o’ or a* > & must hold for all
w € [0,1]. Similar to Case I, because r%(y™) does not depend on a, it follows that a* < a® holds if and only
if

max {u(r(7y7) = r*(v™) + (1 = p)r’ (i) *} <. (27)

a>a!

Because r%(y) strictly increases in v on 7 € [0,7™] and does not depend on « (Lemma A.12), and because
yH <A™ if a > @, it is straightforward to verify that (27) holds only if u = 1. The result follows by setting

ii = 1 and noting a® = min{a®, &} and & = max{a®,a}.

Step 3. We now show there exists o € [3,1) and @ € (a,1) such that o* € [a,@] if 4 < fi. Define
a = max{a’,a}. Note the result that o* > « if u < i follows immediately from Step 2. It remains to show
the existence of @ < 1 such that a* < & for u < fi. We do so by showing a* = 1 cannot hold for any p € [0, 1].
Note that if 4 = 0 and a = 1, then trivially we have v/ = 0 and thus R(c,v) = 0 for all v € [0,4™], which
implies a* < 1. Now let > 0. Suppose by way of contradiction that a* = 1 and let v* be the corresponding
optimal commission rate. Further, define o/ = 1 and let 4’ be the optimal commission rate under o/. Then
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we have
R(d/,7) > pr*(a’,~') = max pur®(a’,v) = max pr®(a*,v) > max ur®(a*,y) = R(a*,~v").
Y™ Y™ y<ym™

The relations above follow because v > ™ at o = 1, which implies R(7) > pr?(y) for all v € [0,7™], by

definition of 7/, because r%(y) is independent of «, because r%(y) > r¢(v) for all v < 4™ (Lemma A.13),
and because a = 1 and ¢ = 0 imply 77 = +F = 0. Note R(a’,~') > R(a*,7*) contradicts the optimality of
(a*,~*). Therefore, o* = 1 cannot hold at ¢ = 0 for any p > 0. It follows that there exists & € [a, 1) such
that o < & for all pu < fa.

Step 4. We now show that a* strictly decreases in p if a* € [@,@]. From the revenue expressions in Step 2

and the definition of o = max{a®, a}, a* € [a, @] implies the platform’s optimal revenue is
R(y)") = prt(3) + (L= ()

It can be shown that R(y!?) is continuous and differentiable in « using the definitions of 7¢(7) and r°(y)
(Lemma A.11) and v (see proof of Lemma C.1(iv)). Because a* is a local maximizer of R(y?), we have
dR dre dr®
= (pu— 4+ (1= p)—
<u 7o Ta-n da)

- ~0. (28)

(em)=(a* i)

(em)=(a*vih)

Then by the implicit function theorem,

do* [ d’R\ (d*R\"
dp dadyp da?

Because o* maximizes R(y) and o* € (%,1), we have %R <0 at (a,7) = (a*,7). Therefore, ﬁa* has

(ay)=(a*vH)

the same sign as %R. Further, because r%(v), r*(7), and v¥ do not depend on p, we have

#R _a a
dady — do da’

It remains to show £r® — Lyt < 0 at (o, ). First, because 2% =0 (Lemma A.12), we have
dr® or® dyH
ar” = ( "D ) <0,
dex y=v 9y da =y

where the strict inequality follows because %%{{ < 0 (Lemma C.1) and 6%7"“ > 0 for all v € [0,7™]
(Lemma A.12). Because £r® < 0, it follows from (28) that -Lr® > 0 at (a*,y!7). Finally, re-arranging

(28) yields
ety drt
a do do do

Because %Tb > 0, it follows that u (%r“ — %rl’) < 0, and thus %r“ - %rb < 0at (a*,vH), as desired. We

=0.

(ey)=(a* )

conclude o* strictly decreases in p if o* € [a, @].

Step 5. We now show statement (iii). Note /7 strictly increases in ¢ for all o € [$,1] (Lemma B.1), strictly
decreases in o (Lemma C.1), and 7% > ~H (Lemma A.11). It follows that there exists ¢ > 0 such that
yH > 4™ for all a € [%, 1] if ¢ > ¢. Thus, for any ¢ > ¢, the platform’s optimal revenue for fixed o € [%7 1]
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is given by

R(y") = max {ur(y) + (1 - m)r’(1) "}

Because 7°(7y) strictly increases in a and 7¢(7) is independent of a (Lemma A.12), it follows that R(v*) is

strictly increasing in a for ¢ > ¢. The result follows. |

C.3 Proof of Corollary 1

Lemma C.3. If u > 2, then the inequality pr(y) > pr¢(y)+(1—p)r(y)™ holds for all o € [5,1], v € (0,7™]
and ¢ > 0.

Proof. Before proving the lemma, we show the following bound holds for any v € (0,~™]:

<2
re(y) = 15°

To see that (29) holds, note

Po(y) = L5 (1 _ad —ws)2>

4 g7 (1 —1)?
< qrns”y
- 4
201 _ )2
< Warny (1 cA=N)
15 4 a3 (1 —7)?
216 lamney ([ (=)
~15 8 4 21 —)2
2
< —r¢ .
< F0)
The third line above follows because (1 — qc;(lli__’;);) is minimized at A\ = %, qg = 4c, and v = %, which

corresponds to a minimal value of }—g. The fourth line follows because 8q;, < qg by Assumption 1. We can

now write

2 8 7

pre () + (1= ()T < () + (1= ) (7) < Shpr () + e 2 (7) = r (),

where the first inequality follows by combining Lemma A.13 and (29), and the second inequality follows
because p > 2 implies (1 — p) < 77“ O

Corollary 1. There exist thresholds fi € [0,1), ¢

>0, and ¢ > ¢ such that partial-information is optimal
o* € (3.1) if the switching cost is moderate ¢ € [¢, ¢] and the share of type-H sellers is large 1 > fi.

Proof. The proof proceeds in two steps. First, we show that under the optimal policy (a*,v*), v* =
min{y,y™} holds for all ¢ > 0 if u > %. Second, we prove the main result. With a slight abuse of notation,

we write the platform’s revenue as R(«a,~) to make dependence on « explicit.

Step 1. We focus on the most general case where Y™ > L holds at a = a*; the cases where y™ < v and

™ € (vH,+E) follow by parallel argument and are omitted. First, note v* ¢ (0,7) follows directly from
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Lemma C.2. It remains to show v* ¢ (v#,7E] and v* ¢ (v£,4™]. Note any vy € (v#,~75] and p > 2,
R(a*,7) = pr(a*,7) + (1 = ppr’(a,7) < prt(a*, ) < pr(3,9™) = R(3,7™),

where the first inequality follows from Lemma C.3 and the second follows because r®(v) is independent of «
and increases in v (Lemma A.12). Hence, v* ¢ (v, ] for > 2. Similarly, by again using Lemma C.3, for

any v > ~vL and p > % we have
R(a",y) = pr(a”,7) < pr(a”,y) < R(3,9™),

which implies v* < vL. We have thus shown v* = v if yu > % and vF < 4™. Because v < 4L (Lemma
A.11), we conclude v* = min{y# ™} if > 2.

Step 2. To begin, define g to be the solution to 1 — ws = %, and note ag < 1 since w; strictly increases

in o and ws = 1 at @ = 1 (Lemma A.1). Further, define & = ag + € < 1 for any € € (0,1 — ap) and

define é > 0 to be the smallest switching cost such that v > 4™ for all ¢ > é at @ = &. Note (/B exists

because v strictly increases in ¢ for all & € [,1] (Lemma B.1); let ¢ = ¢ be fixed in the remainder. To

prove the corollary statement, it suffices to show there exists i < 1 such that R(&,v*(&)) > R(3,7*(3)) and

R(é,v*(&)) > R(1,7*(1)) both hold for all i > ji at ¢ = ¢, i.c., the platform’s revenue at o = @ is strictly
1

higher than the revenue at both @ = 5 and a = 1, under the corresponding optimal commission rate v* in

each instance.

Case I: Comparison with «a = % First, at o = ag we have

(00, 2™) = qLst (1 B (Mf) _ qLst (1 B (1 /\7m>2> -

where the second equality follows by construction of o’ and the inequality follows because v™ < 1 — X\ by

Assumption 2. For all y > % we can now write
R(&, 7" (&) = R(@,™) = pr(@,7™) + (1 = )r’(@,7y™)* > pr?(a,4™) = R (3,7™) = R (3,7"(3)) (30)

To see that the strict inequality in (30) holds, note that r?(a®,4™) > 0 as established above, & > ag, and
r®(a,¥™) increases in « because wy and wg both increase in @ (Lemma A.1). The second equality in (30)
holds because r%(v) is independent of «, and the final equality follows because v > 4™ at a = 1 and

2
v* = min{y#,7™} by Step 1. We conclude R(&,v*(&)) > R(3,7*(3)) for pu > 2.

Case II: Comparison with a = 1. First, note v < 4™ at (a,¢) = (1,¢). To see this, note v (&) = v™ at
(o, 0) = (év,cf)) by definition of ¢, vH is strictly decreasing in o (Lemma C.1), and & < 1. Next, let u = 1.

We can now write
R(1,7*(1)) = pr(1L,y) + (1 = wr* (1,48 < pr(6,7™) < R(6,7™) < R(&,7" (&), (31)

The first equality in (31) follows because v < 4™ implies v* = v by Step 1. To see that the strict inequal-
ity holds at u = 1, note r*(7y) is strictly increasing in v and independent of o (Lemmas A.12 and C.1), and
vH < 4™ as established above. We have thus shown R(1,7*(1)) < R(&,v*(&)) holds for p = 1. Tt follows
by continuity of R(c,7y) in p that there exists fi € [2,1) such that R(1,7*(1)) < R(&,v*(&)) for all u > f.
Because p > 2, it follows that R(&,v*(&)) > R(3,7*(3)) and R(&,v*(&)) > R(1,7*(1)) for all y > ji for
¢ = ¢, as desired. Finally, the thresholds ¢ and ¢ can be shown to exist using the continuity of R(c,v) in ¢. O
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D Proofs for Section 5.1: Platform-Access Fees

In section D.1, we first present several supporting results (Lemmas D.1-D.5) that are needed for the proof
of Proposition 4. Throughout this section, we use Ro(a,7y) and Ra(a, ) to denote the platform’s revenue
under the commission and access fee mechanisms, respectively. For conciseness, define R§, := R (a*,v*) and
R = Ra(a*,9*), where (a*,~*) and (o*,9*) are the optimal policies under commission and access fees,

respectively.

D.1 Preliminary Results for Proposition 4

Lemma D.1 (Characterization of access fees). Let IT§ be a type-i seller’s on-platform profit under a com-

mission rate of v = 0.

(i) For each o € [,1],

4 qH
2
]._.[L — nsqL 1 _ (1 - wS)C
0 4 qr

(it) T is independent of o, II§ strictly increases in o, and 0 < 11§ < TI{ for all o € [5,1].
(i4i) For each v > 0, the platform’s revenue under access fees Ra() is weakly increasing in « on o € [%, 1].

(iv) The platform’s optimal access fee satisfies * € {IIE  TIL}, with corresponding optimal revenue RY =
max{pITH TTEY.

Proof. (i). By Lemma A.3, the profit for the type-H and type-L sellers are given by 7%(p®) and m°(p®),
respectively. Thus, the on-platform earnings under access fees are given by setting v = 0 in 7#%(p®) and

7% (p®), which yields the expressions in statement (7).

(i%). By inspection, II{! is independent of a. Because %775 > 0 and 8%‘*’5 > 0 (Lemma A.1), we have

ATk > 0. Finally, 0 < II§ < I follows from the expressions in part (i) and because gy > 8¢r by

Assumption 1.

(i43). Define I} := lim,_1 II¥, and note II§ < T by part (ii). We consider three cases: 1 < I,
Y € (I, TE, and o > TIE. First, if ¢ < TIY, because 11} strictly increases in «, for each ¢ < II§ there
exists ay, € [%7 1] such the type-L seller joins the platform if and only if @ > «y. Further, the type-H seller

joins for all a € [%, 1]. Therefore, if ¢ < I1%, the platform’s revenue under access fees is

w, fa<ap,

P, ifa>ap.

Ra(Y) =

Because p < 1, Ra(1) weakly increases in . Next, if ¢ € (ITI§, TIZ], then the type-L seller does not join for
any o € [, 1], which implies Ra(¢)) = i for all a € [§,1], and thus Ra(¢) is independent of a. Finally,
if ¢ > I}, then neither seller type joins, which implies R4(v) = 0 for all a € [%, 1]. Therefore, in all three

cases the platform’s revenue is weakly increasing in a.
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(iv). By part (i), if 0 < TIL then both seller types join, which generates a revenue of v. If ¢ € [IT&, TI4],
then only the type-H seller joins the platform, which generates revenue p. It follows that ¢* € {IIf TIL}
and thus RY = max{uIl}, 1L} O

Lemma D.2. If ¢ > 0, then the following inequalities hold for all o € [%, 1]:

() _ 9 m

<=L yelo,yM, 33
nr =7 7 [0,9™] (33a)
(v) 1

< 0,7™]. 33b
nr S35 v € [0,9™] (33b)

Further, if =0 and v < 1 — ws, then the following inequality holds for all o € [%, 1]:

b - €[0,2 -3,
AT 2 &
0 Y a2 (1=27)2 v €2-V3,9M]
Proof. We first show that (33a) holds. Note
1 ( (1?)6 )2 1 ((14%)2 0
qu (1-7) < qH < >, (35)

(1-e2e) (-t2)

where the second inequality above follows because A > % and gz > 4c. Then we can write

ary_auy [, (1=Nc 2 qay 9 (, (A=A 2_9l H
o=t (1 () ) <4 (- 05 < T

where the first and second equalities follow by definition of r¢(y) and II¥, and the inequality follows from
(35). Next, we show (33b) and (34). In the case where r®(y) < 0, (33b) and (34) follow trivially; we assume
7%(y) > 0 for the remainder of the proof. Let z = (1_(17:”)6 We first show z < 1 — for all ¢ > 0 and z > 2y
if = 0. Tosee 2 < 1 — for ¢ > 0, note r’(y) > 0 implies ¢r.(1 —7) > (1 — ws)c (Lemma A.3), which by
definition of z implies z < 1 —~. To see that z > 2y when ¢ = 0, note

(1 -ws)e - (1 —ws)e
z ” Z T 2 2(1 — wg) > 2,

which follows because gr, < (1 — A)e, A > %, and v < %L =1—-ws <1—wsat ¢ =0. Thus, z < 1—~ for

¢ >0 and z > 2v for ¢ = 0. We now show (34) assuming ¢ = 0; (33b) follows by a similar argument. First,

using the defintion of z, we have

() V47 C(A=w)e\) vy 2
g (g — (1 —ws)c)2 (1 <QL(1 —7)> ) S (1—2)? (1 (1 —7)2>. (36)

Differentiating in z yields

o (1) = = (- 20y 2<1‘<1527>2>“‘Z’>:<137z>3(“(1—2)2)’

which implies the ratio (36) strictly increases in z on z € [0,(1 — )?] and has a single maximizer at
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z=(1-79)?<1—+. Because z € [2v,1 — 4] when ¢ = 0, we have two cases to consider: If 2y < (1 — )2,
the maximizer of the ratio (36) on the interval z € [2y,1 — ] is 2 = (1 —7)?; if 2y > (1 — 7)?, the maximizer
is z = 2. Note 2y > (1 — v)? if and only if vy > 2 — /3. Plugging z = 2y and z = (1 — )2 into (36) yields
(34), as desired. Lastly, in the case where ¢ > 0, (33b) follows by a similar argument where only z < 1 — is
assumed to hold. ]

Lemma D.3. The platform’s optimal commission revenue is strictly smaller than the optimal access fee
revenue, RE < RY, if at least one the following conditions holds at the optimal commission rate *:

(i) The type-H seller transacts offline with the o = s buyer, v* > ~vH.
(ii) The type-L seller does not transact with any buyer, r°(y*) < 0.

Proof. (i). Note v& > 4H by Lemma A.10. We therefore consider two cases: v* > ~vF and v* < 4L, If
v* > 4L then the platform’s revenue under commission fees is given by Rc(v*) = pr¢(y*) (Lemma A.11).
Then

RG = pre(y*) < pr(v") < plly < R,

where the equality follows by Lemma A.11 because v > ~L, and the next three inequalities follow from
Lemmas A.13, D.2, and D.1, in order. Now suppose v* € (y,~vL]. Then there are two further cases to
consider: v* <4 and v* > +H.

Case I: v* < 4H. Note by Lemma A.11 the platform’s optimal commission revenue in this case is given by
&= pure(y*) + (1 — w)rb(y*)*. We show RY < RY, by first establishing upper bounds on r®(y*) and r¢(v*).

First, for 7°(y*) we have

* 2 2 * m
e ALTsY (1 — ws) qLnsY* _ qnsy qrLns
rb(7 ) = ) 2 < < = :
4 q;(1—") 4 4 8

For r°(v*),

Cl %\ __ * 1 (17)‘)0 779¢ ?
() =y am <4 - (2qHC + 4qHC) )

Y qm <1 (- A)2>

AN

4 a5 ¢?
* _ 2
< I an (1 - A)C) 9
qHG 7

IN

9 an (| (1-=Xc\>
1 (-052).

where the second line follows by setting ¢ = 0, the third line from (35), and the final line follows because

v <A™ = % and 7, < % Combining the bounds above, we can then write

qu (1-Mec\? qrns
S (1-Tet) a-wt

1
9 qu (1-Ae ? qLns
<2 L2 1 7 1 irs
max {u = 16 < e ,(1—p) 3

9 qum (1= Mec\? qrns
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pre(v) + (L= pwr*(y) " < -



_ 2
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< max {pﬂg,ﬂé}
=Rj.

In the first inequality, we used the fact that ©+y < 2 max{z,y} for any non-negative x and y. This completes
the proof for the case v* < v2.

Case II: v* > . In this case, the platform’s revenue is given by Rf = (1 — u)r(y*)*. Then we have
RG = (1—p)r’(v*) < (1 - plly <TI§ < R,
where the first and third inequalities follow from Lemmas D.2 and D.1, respectively.

(i%). Because 7°(y*) < 0, only the type-H seller transacts online. Note that if 7°(y*) < 0 implies v* < 7,
otherwise the platform’s commission revenue is zero. Then there are two cases to consider: v* < 2 and
v* > yH If v* < yH | then by Lemma A.11 the platform’s commission revenue is R.(7*) = ur®(y*). Then
we have

RG = pr®(v*) < pllf’ < R,

where the first and second inequalities follow from Lemma D.2 and D.1, respectively. If v* > ~v  then
Ro(v") = pr(y7), and
RE = pr(y*) < pr (") < ullyf < Ry,

where the first, second, and third inequalities follow from Lemmas A.13, D.2, and D.1, respectively. |

Lemma D.4. Define i = I§ /TIE . If the inequality RY < R holds for some p # [i, then it also holds for
p= fi

Proof. To make dependence on p explicit, we write R (p), R (p) and ~*(u) to denote the platform’s
optimal revenue under commission fees, optimal revenue under access fees, and optimal commission rate,
respectively. We also let Ro(vy, 1) be the platform’s commission revenue for fixed v and optimal «, where
R (1) = Ro(v*(p), p).First, suppose R (1) < RE(p) for some p # 1. We show R (f) < RE () must also
hold. We consider two cases: p > fi and p < fi.

Case I: u > 1. Note

Re(ft) = Re(p) + R () — Re(w)
> Re:(1) + Ro(v" (1), f1) — R& ()
= R&(w) + i (v () + (1= w)r® (V" ()" = R& ()
= R&(n) + (= wr* (7" () + (1 — )’ (v* ()™
> Re(p) + (= )
= Re(p) + Ri (i) — Ra(p)
> R ().

The second line follows by optimality of v*(ii) under p = fi, the third because R (n) > RY(n) implies
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7*(1) < 7 by Lemma D.3 and thus Ro(y* (1), &) = #'r*(x* (1)) + (1 — @)r(y*(u))* for any ' € [0,1],
the fourth by expanding R% (1), the fifth because r?(y) < I for any v < 4™ by Lemma D.2, and because
(= )rP(y*(u))* > 0, the sixth because R* (u) = IE for all 4 > fi by Lemma D.1, and the seventh because
RY (1) < RE(p) by assumption. Therefore, R (1) < R (p) for pn > v implies RY (i) < RE ().

Case II: p < f1. Following a similar argument to Case I, we have

where the fourth line follows because () > r°(y) for all v € [0,7™]. O

Lemma D.5. Let i = II§/TIE. There exists ¢ > 0 such that for each ¢ > ¢, RE: > RY if and only if
€ [, i, where i € (0, 1) and fi € (1, 1),

Proof. The proof proceeds in three steps. First, we show that the following two inequalities hold at o =
1:

2r°(y™) > 11, (37a)
209 (™) — T > 11k (37b)

Second, we show that there exists ¢ > 0 such that R > R for all ¢ > ¢ at u = fi. Third, we show the
existence of the thresholds p € (0,2) and i € (4, 1) for each ¢ > ¢.

Step 1. First, consider the expressions for II% and r°(v):

1 (1-w)e)’
ol =n, S Sl etV
0 NsqL (2 2(]L ) B
2 2
b ns?Y (1 — ws) )
r = - .
= <QL (=)
Using lim,—1 s = A and limy 1 ws = 1, we have:
. M"qrL Aqr
b my _ L = —_— =
C1k1_>m1 {2r®(y™) —11f } 5 1 0.

It follows that (37a) holds if & = 1. Next, to see that (37b) holds, note

S R s)
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The first five lines follow by algebra and using ™ = % and gy > 4c. The inequality (38a) follows because
qr. < (1 — X)e by Assumption 1 and (38b) follows algebraically using gy > 4¢. The final inequality follows
because 1, < A and because 7°(y™) > 0 by (37a) for a = 1, which implies q;, > (1 — w,)c and thus

(1 tgze) <,

qL

Step 2. We now show that (37a) and (37b) imply there exists ¢ > 0 and i such that RY > R at i for all
¢ > ¢. By Lemmas A.10 and A.11, there exists ¢ > 0 such that for all ¢ > ¢ the platform’s commission
revenue is given by Ro(y) = pur®(y)+ (1 —u)r®(y)T. Further, by Lemma D.1, under the access fee mechanism
it is optimal to set a = 1, with corresponding optimal revenue given by R% = max { ultdt Hé}. Therefore,
to show RY > RY, it suffices to find v € [0,7™] such that at o = 1,

fr () + (L= ()" > max {1, 114}

We show the inequality above holds for v = ™. Note

() + (1= () > B 1+ U P

X ) L
:%H§+gng+( My

2
my 1k
=_-09 420
2 2
> Rjy.

The first line follows from (37a) and (37b), and the second and third lines follow by definition of fi. Therefore,
R > R at fi.

Step 3. We now show the existence of the thresholds y € (0, 2) and fi € (fi,1). Fix ¢ > ¢ and a = 1. Because
R > R at i and R}, — R is continuous in p, it suffices to show R} — R% = 0 has exactly one solution
in p on each of the intervals [0, 1) and (i, 1]. First consider the interval [0, i). Note R% = max{pII¥ Ik}
by Lemma D.1 and i = II§/TIE by definition. It follows that R* = IIJ for all u € [0,/1). Next, because
RE = pre(v*) + (1 — p)r®(y*)*, we must also have v* < v by Lemma A.11. We can then write

@{RC_RA}— oy {R¢ — R} ap +8,u {R¢ — Ry}
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- (% [ () + (1 — )t () +} 2

=7r(y") = r'(7")
>0,

where the first line follows from taking the total derivative and the second line follows because %HOL =
0. To see why the third line holds, consider the two cases v* < v and v* = vH. If v* < ~H then
8% {pre(v) + (1 = p)r®(y)* } = 0 at v* by the envelope theorem; if v* = 7, then %’y* = d%’yf = 0 because
vH does not depend on p (Lemma A.10). The final line follows because 7¢(7y) > r°(y) for all y € [0,4™]. Tt
follows that R}, — R strictly increases in p on [0, i) wherever Rf, — RY > 0. Hence R}, — R% = 0 has at
most one solution on the interval [0, ). Further, note Ry, < R for p = 0 as a consequence of Lemma D.3
and Rf, > R at i by Step 2. It follows that Rf, — R} = 0 has exactly one solution p € (0, /i) on the interval
[0, /1). Next, we address the interval (fi,1]. Because R¥ = max{ull{!, TI¥} by Lemma D.1 and i = IT& /TIH
by definition, we have R* = ull}f for all 4 € (j1,1]. Similar to the u € [0, /1) case above, it follows that
R — Ry = p(re(v*) — I + (1 — p)r®(v*)* and v* < 4. Differentiating in u yields

v | 90 . .
i + B {Re — R}
= a% {ur® () + (L= pyr* ()"}
=7r(y") =10 = (v) "

<0,

d * * 0 * *
@{RC _RA} = ai,y{RC _RA}

Cal

a( %\ _ b k\+
g TN =r0n)

where the second line follows because %H(’;{ = 0, the third line follows by a parallel argument to the u € [0, i)
case above, and the final line follows because r¢(y) < IIZ for all 4 € [0,7™] by Lemma D.2. It follows that
R}, — R, strictly decreases in p on (fi, 1]. Hence R — R% = 0 has at most one solution on the interval (f, 1].
Further, note R < R at ¢ =1 by Lemma D.3 and Ry, > R at i by Step 2. It follows that R — R} =0
has exactly one solution fi € (fi,1] on the interval (i, 1]. Because Rf — R% = 0 has one solution p on the
interval [0, /), one solution i on the interval (i, 1], and RE > RY at fi, we conclude R}, > R if and only if
€ [p, - O

D.2 Proof of Proposition 4

Proposition 4. Let RY and Rf, be the platform’s revenue under the optimal pricing and information policies
or access and commission fees, respectively. Let 11§ be the on-platform profit of a type-i seller under a
f d ission fees, pectively. Let 11 be th platf profit of a typ l d
commission rate of v = 0. There exists ¢ > 0 such that the following statements hold.

(i) Suppose the switching cost is low, ¢ < ¢. Then access fees generate higher revenue than commission

fees R > R for all p € [0,1].

1 0o 1) such th
,@ @, such that

access fees generate lower revenue than commission fees R < R{, if and only if the share of type-H

(ii) Suppose the switching cost is high, ¢ > ¢. Then there exists JIRS (0 ) and fi € (

sellers is moderate p € 1, [i].

Proof. The proof of part (i) uses Lemmas D.2-D.4. The proof of part (i7) follows almost immediately from
Lemma D.5; our focus here is to show the threshold ¢ from Lemma D.5 and part (i) of the proposition

statement are the same.
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(). Fix ¢ = 0. By Lemma D.3, R¥ > R, if either 7°(y*) < 0 or v* > 4, from which the result immediately
follows. It remains to address the case where 7°(y*) > 0 and v* < . By Lemma D.4, if R% > R holds

under p = fi, then R% > R, also holds for any u € [0, 1], where i = II§ /TTE . Therefore, it suffices to show

()
1§

Lemma D.2. First, suppose v* < 2 — /3. Because r’(y*) > 0 and v* < v, by Lemma A.11 the platform’s

Ry > R at p= ji and ¢ = 0. We consider two cases defined by the piecewise upper bound on given in

optimal commission revenue is given by R% = ur®(v*) 4+ (1 — p)r®(y*)". We can then write

RE = fir®(v*) + (1= p)rb(v*)*
9 1

< AFZ QI + ——— (1 — )Tk
f77ﬂo+2_7*( )
9 1

**AHH 7HL

< 0+2_7* 0
9 1

:AHH * 2

plly <’Y7+2_7*)

o H 9 1
< pll (2—\/3)54‘%
< pIdf
— R,

The relations above uses the bounds Lemma D.2; the definition of fi, and the observation that ('y% + ﬁ)

strictly increases in v on v € [0,2 — v/3]. Next, suppose v* € [2 — v/3,7™]. Again applying the bounds from

Lemma D.2, we have
Re = fir(v*) + (1 = p)r*(v*)*

(1+99)0=3y") 1
(1—y)2(1 -2y °

9
<ty

A 9 I+ =377
_ HH * *
i (540 0 S
g(v*)
< It

The fourth line follows because g(y*) < 1 in the interval v € [2 — /3,74™], and the final line follows from
Lemma D.1. It follows that R > R for all 4 € [0,1] at ¢ = 0. Next, it is straightforward to verify that
R’ does not depend on ¢ and R, is continuous in ¢. It follows that there exists ¢ > 0 such that for ¢ < ¢,
RY > R, for all p € [0,1]. Statement (i) follows. In the remainder of the proof, let ¢ be the largest threshold
such that R% > R holds for all 4 € [0,1] and ¢ < ¢.

(¢2). Let i = g—}i By Lemma D.5, there exists ¢ > 0 and p € (0, /1) and i € (j1,1) such that if ¢ > ¢ then

(0] —
R}y < R¢ if and only if 4 € [u, fi]. Pick ¢ to be the smallest such threshold. It remains to show ¢ = ¢.
Suppose by way of contradiction that ¢ > ¢. Then there exists é € (o, ¢) such that R} < R holds at ¢ = QAS
for p € [u, ii]. Further, note that RY < R}, implies v* < vE by Lemma D.3. Thus, using the expression for

platform commission revenue (Lemma A.11), R% < R holds if

Ry < max pur®(y)+(1—pr(y)*. (39)

agl3,1], v H
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Next, note that because v increases in ¢ (Lemma B.1), so does the right hand side of (39). It follows that
(39) and thus RY < R hold for all ¢ > (;3 However, this yields a contradiction to the selection of ¢ as the
smallest such threshold. We conclude ¢ = . ]

E Proofs for Section 5.2: Should Platforms Ban Sellers?

E.1 Proof of Proposition 5

Before proving the main result, we first characterize the commission thresholds for disintermediation in each

period, analogous to Lemma A.10.

Lemma E.1 (Commission thresholds for disintermediation). For eachi € {L,H}, o € {r,s}, and t € {1, 2},
there exists a unique threshold vit such that a type-i seller disintermediates with a signal-o buyer in period t

if and only if v > vit. Further,
(i) 2 :=1—w, for o € {r,s}, and
(ii) it weakly increases in d on d € [0, 1], where vt > 42 for all d € [0,1] and v =~ for d = 0.

Proof. We focus on proving the main lemma statement for the type-H seller, and note the results for the
type-L seller follow by similar arguments. For (i), we assume without loss of generality that the seller is

undetected in period 1; otherwise, no transaction occurs in period 2.

(¢). The result follows closely from Lemmas A.2 and A.4. Let p and b be an arbitrary online and offline
price in period 2, respectively. Because the game ends after period 2, the buyer’s and seller’s surplus from
transacting offline are simply p — b and w,b — (1 — 7)p, respectively, which yields a Nash bargaining solution
of by(p) = p(l+i-wo). Because ¢ = 0, it follows by parallel argument to Lemma A.4 that both p — b,(p) > 0
and wyb,(p) — (1 —v)p > 0 hold if and only if v > 1 — w;.

(44). The result follows by parallel argument to the proof of Lemma A.10; we verify the main steps here.
Analogous to Lemma A.7, it can be shown that Assumption 2 implies 72 > 4™, meaning the type-i seller
never transacts offline with the o = r buyer. Therefore, we focus on the threshold 72, beginning with i = H.
In particular, we proceed in two steps: First, we show there exists v and 4 > v such that the type-H seller
transacts online with the o = s buyer if v < 7 and offline if v > 7. Second, we show there exists a unique

vH € [y,7] such that the transaction is offline if and only if v > v,

Step 1. Let m*2 denote the type-H seller’s expected optimal profit in period 2 conditional on non-detection
in period 1, where = € {a,c} as per Lemma A.3. For online price p, offline price b, and detection probability

d, the seller’s surplus from transacting offline in period 1 is wyb — d7*2 — (1 — 7)p, and the buyer’s surplus

p(1—vy+w, )+dn®?

o . Analogous to Lemma

is again p — b. Solving for the Nash bargaining price yields b%(p) =
A 4, it follows that the buyer and seller both have strictly positive surplus from transacting offline if and only
if e

¥>1—ws+

(40)

Note 40 implies 7' = ~2 for i € {L,H} and o = {r, s} follows. Further, analogous to Lemma A.9, note

the inequalities v < 1 — w, + d;: ® and vy>1—ws+ dg: ’ are a necessary and sufficient condition for the

transaction to be online, respectively. Next, if the type-H seller transacts online with a ¢ = s buyer in period
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1, their expected profit over both periods is
a . p x2
w0 = (=)= (-0 (1= 2 )
qH
If the seller transacts offline with the o = s buyer in period 1, their expected profit over both periods is
c . p 2 2
m(p) = (1 - qH) (((1 —7)p = (1 = A)e) + ns(wsbs(p) — dr™ — (1 — v)p)) +

The unconstrained maximizers of 7%(p) and 7¢(p) are then given by p® and p¢, where

a1 +(17)\)0

e 1 (1—Xec  nsdr®?

and where ¢ = n,.(1 — ) + 775%. It remains to show there exists a unique threshold ! such that
dﬂ_zZ

7 (p®) < w¢(p°) if and only if v > vH1. First, define 7 to be the largest solution to vy = 1 —w,+ T Because

p
type-H seller transacts offline with the o = s buyer. Similarly, define v to be the smallest solution to

;

Note ¢ and 72 both decrease in v, which implies the right hand side of (41) decreases in v. As a result, for

a

increases in v and 72 decreases in v, it follows that v > 4 implies (40) holds at p = p?, and thus the

dr) d
3 (g + S e

C

any v < 7, (40) cannot hold at p = p¢, which implies the transaction with the o = s buyer occurs online. We
have thus shown the transaction between the type-H seller and o = s buyer occurs offline if v > % and online

if v < 7. This completes Step 1.

Step 2. First, note p¢ > p® for all v € [y,7]. To see why, suppose by contradiction that p¢ < p® for some

v € [7,7], and define

dﬂ.m2
f(p,y) =7~ (1—ws+ , )

By definition of v and 7, we have f(7/,p®) < 0 and f(y/,p°) > 0. However, f(p,v) increases in p for each
~v € (0,4™], which yields a contradiction. We conclude p© > p® for all v € [v,%]. Analogous to the proof of

Lemma A.10, we show that 7%(p®) — w¢(p°) strictly decreases in v on v € [v,7], from which the existence of

the unique threshold 2! follows. Differentiating 7¢(p®) — 7¢(p) in +, we have

d a/,.a c(.C aﬂ—a dpa 8770' ) < 87Tc dpc aﬂ-c )
— (7T — T = : + - ' +
a7 (") = () ( O dy 0V )|y \Op dy O )|,
_ o O
6’}/ p=p* 87 p=p*

() ) o e
(-2 (1-2).

The second line above follows from the envelope theorem and the third line follows from evaluating the

derivative algebraically. To see that the inequality in the fourth line holds, note 7%2 decreases in  and p¢ > p®
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dy
suffices to show that 2p® — p® > 0. The preceding inequality follows immediately from the observations that

for v € [, 7], as established above. Since (1 - %) > 0 and 7, € (0,1), to show -L(7%(p®) — w¢(p°)) < 0 it

p¢ < q and 2p® > q. This establishes the existence of the unique threshold v#!. Finally, to see that !
increases in d, note that 7%(p®) is independent of d, and 7¢(p®) can be written as
1 (1-Xe 775d7rg”2)2

7°(p°) = qu( <2 - 2qnC 4qnC

Clearly, 7¢(p°) decreases in d wherever 7¢(p°) > 0. Because yZ1 is the solution to 7?(p®) = 7°(p°) and
7(p*) — 7°(p°) decreases in v on v € [y,7], 77! also decreases in d. The proof for the threshold y2* follows

by parallel argument and is omitted. ]

Proposition 5. Let R°(v*) and R%(y*) be the platform’s optimal revenue under the blind eye and banning
policies, respectively. Then, there exist thresholds o € (%, 1] and & € [, 1) such that the following statements
hold.

(i) Suppose information quality is low o < a. Then for all detection probabilities d € [0,1], the banning
policy generates weakly higher revenue than the blind eye policy, R°(y*) < R%(y*).

(ii) Suppose information quality is high o > &. Then there exists d € (0,1) such that if the detection

probability is low d € (0,d], the banning policy generates strictly lower revenue than the blind eye
policy, i.e., RO(y*) > R4(y*).

Proof. (%). First suppose o = % and d = 0. Then by Lemma E.1 and Assumption 2, we have v < ¥
for i € {L,H} and t € {1,2}. Further, because 7! and 72 are weakly increasing in and independent of d,
respectively, it follows by continuity of v¢' and 7% in « that there exists a € (0, 1] such that if & < a, then
vt <~ forie{L,H}, te€{l1,2} and all d € [0,1] , i.e., all transactions occur online. Then by Lemma E.1,

the platform’s revenue is given by

R(v*) =2(pr(v*) + (1 — p)r(v*) T,

where 7%(7) and 7°(7y) are as defined in Lemma A.11. It follows that for a < a and d € [0, 1], we have

B ajdv*+8R _ OR dy*
S Oy dd

T\ 0y dd ' ad
The second equality above follows because r%(y) and r°(7) are both independent of d, which implies %R =0.

dR
dd

> 0. (42)

=" ="

To see that the inequality holds, note 42 > ~i2 holds for all d € [0, 1] by Lemma E.1. Thus, there are two cases

to consider: v* < min{y%2,v#2} and v* = min{yL2,vH#2}. If v* < min{~yE2 vH2}, then (%R = 0 holds at

S

v = 7* by the envelope theorem, and the weak inequality in (42) holds as an equality. If v* = min{yL? 12},

then %R > 0 must hold at v = v* because v* is the optimal commission rate. Further, by Lemma E.1 both
vE? and vH2 weakly increase in d, which implies 5~* > 0. The inequality in (42) again follows.

(i%). First suppose a = 1 and d = 0. Then by Lemma E.1 we have v* > v = 0 for i € {L, H} and t € {1,2},
i.e., all transactions with o = s buyers occur offline. It follows by continuity of v in a and d that there exists
@ € [a,1) and d > 0 such that v* > ~% fori € {L,H} and t € {1,2} if « > @ and d < d. Note that v* > ~*
for i € {L,H} and t € {1,2} implies the platform only extracts commissions from type-H sellers. Further,
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type-H sellers are banned after period 1 with probability d only if they transact with a o = s buyer in period
1, and thus the probability a type-H seller is undetected following period 1 is 1, 4+ ns(1 — d). It follows from

Lemma E.1 that the platform’s revenue for o > & and d < d is

R(y") = pre(y") + p(nr +ns(1 = d))r(v"),

(Y — P°Y _ L ((A=XNe  ndr\?
r°(v) = yp (1 - qH> = rqH <4 - ( 20t + danC ) ) : (43)

It follows that for & > @ and d < d,

_ (9Bdy | OR
"\ 9y dd " od

where

dR
dd

_OR
. od

7=

<0.

¢

= (—uwc(v) +p(1 4+ +ns(1 - d))%:)

Y= Y=y Y=

To see the second equality above, note that if v* = ~™, then d%v* =0, and if v* < ~™ then (%R = 0 holds
at v = v* by the envelope theorem. The strict inequality follows because %rc < 0 by inspection of the

expression for r¢(+) in (43). Because R(v*) strictly decreases in d on d € [0, d], statement (i) follows. O

F Repeat Interactions with Returning Buyers

Our main model examines disintermediation in a single-shot setting where sellers transact with a given buyer
at most once. In practice, sellers may interact with the same buyer repeatedly, allowing them to learn the
buyer’s type from earlier transactions. In this section, we consider a dynamic variant of our main model, in
which sellers form beliefs about buyers’ types through an initial transaction, instead of through the platform
signal. The purpose of this section is to establish that our main insights hold when information about buyers

is transmitted in this alternative manner.

F.1 Model Setup

Formally, we consider a two-period model where each seller is matched to the same buyer in both periods,
and a share 1 — A\ of buyers are type-r (i.e., risky). As before, type-s buyers impose the transaction cost
cs = 0 on sellers. However, in contrast to our main model, the transaction cost imposed by type-r buyers is
stochastic in each period, where ¢, = ¢ > 0 with probability p € [0,1] and ¢, = 0 with probability 1 — p. As
a consequence of this cost structure, when the realized transaction cost is ¢, the seller immediately learns the

buyer is type-r; when the realized transaction cost is 0, the seller’s posterior belief that the buyer is type-r is
(1-M(1-p)

1-2)(-p)+A

form stronger posterior beliefs and can distinguish buyer types more accurately. To isolate the effect of the

learning parameter p, we assume the platform’s signal is uninformative (o = %)

(see Lemma F.1). The parameter p thus captures sellers’ ability to learn - as p increases, sellers

At the beginning of the horizon, the platform sets the commission rate . Each seller then commits to an
online price p for both periods, and is randomly matched to one buyer. In each period, a seller’s choices are
to transact online, offline, or not at all. If the seller rejects the buyer in period 1, they earn zero profit and are
not matched to a new buyer. This setup assumes that a seller’s decision to complete a follow-up transaction
with a buyer is independent of potential matches with new buyers (for example, in freelance marketplaces,

sellers typically juggle multiple projects simultaneously, so the possibility of future contracts does not impact
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transactions with current buyers). We adopt notation from the main model and re-define o to denote the
signal generated by the period 1 transaction, where the seller observes ¢ = r if the realized transaction cost

from period 1 is ¢ > 0 and observes ¢ = s if the realized cost is 0.

To facilitate our analysis, we make two assumptions that are analogous to Assumptions 1 and 2 from the
main model. First, we again assume that the two seller types are well-separated with respect to their quality

level:

Assumption 3. The seller qualities satisfy qg > 4c and qr, € [Wc, pc}.

The above assumption implies that the type-H seller transacts with all buyers, whereas the type-L seller
always rejects the o = r buyer. In addition, we impose the requirement the quality level of the type-L seller is
high enough to guarantee that this seller transacts on the platform in period 1 for every value of v € [0,7™];
this assumption precludes the less interesting case where only the type-H seller participates. We also impose
an assumption that allows us to focus on the case where sellers do not disintermediate prior to forming a

belief about the buyer’s type (i.e., in period 1).

Assumption 4. The mazimum commission rate ¥, share of type-H sellers X\, switching cost ¢, and type-H

seller quality qp satisfy the inequality v™ <1 — A+ q%.

Assumption 4 is similar to Assumption 2 from the main model, and similarly implies that sellers do not

disintermediate with ¢ = r buyers.

Although we assume the learning parameter p to be exogenous, in practice it may be impacted by platform
design decisions. For example, in the context of freelance marketplaces like Upwork, a low value of p may
be the result of features that smooth out differences in how buyers interact with sellers, including customer
support, a common structure on job postings, or Al-assisted communication (Upwork 2024a). Similarly, a
high value of p may correspond to a less regulated environment in which sellers can more accurately screen
buyers, as a consequence of risky buyers being more likely to “reveal” themselves. Note that p plays a similar

role to a from our main model, since it captures the accuracy with which sellers can learn buyers’ types.

F.2 Seller Learning and Platform Revenue

With repeated interactions, it is natural to expect the threat of disintermediation to depend on the accuracy
with which sellers can infer buyers’ types from an initial transaction. To the extent that platforms can
influence seller learning (e.g., through features or policies that change how buyers and sellers interact), it is

valuable to understand the impact of the sellers’ learning parameter p on platform revenue.

Proposition 6. Suppose the switching cost is ¢ = 0. Then there exists i € [0,1) and p € [0,1) such that
if the share of type-H sellers is large u > [, the platform’s optimal revenue R(v*) strictly decreases in the

learning parameter p on p € [0,p) and strictly increases in p on p € (p,1].

All proofs for this section are in Appendix F.4. Similar to our prior results, the non-monotonic behavior in
Proposition 6 can be understood by considering the effects induced by a change in the learning parameter p,
which we briefly outline. When p is small (p < p), sellers cannot easily identify safe (type-s) buyers, leading
all transactions to occur online in equilibrium in both periods. In this case, an increase in p increases the
threat of disintermediation, which degrades the platform’s pricing power and lowers revenue. However, when

p is large (p > p), sellers disintermediate in period 2 with the zero-cost buyers (which consists of both type-r
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and type-s buyers), but transact on-platform with the costly buyers (consisting only of type-r buyers). In
this setting, further increases in p allow sellers to identify type-r buyers with increased accuracy and avoid
transacting off-platform with them, which increases on-platform transaction volume and boosts revenue. In
summary, although the ability to screen buyers is necessary for disintermediation, Proposition 6 suggests that
in settings where sellers already transact off-platform (large p), further improvements to seller learning can

help revenue by stemming the flow of any additional disintermediation.

F.3 Optimal Commission Rate

We conclude this section by showing that a variation of our main result from Proposition 1 holds when sellers

learn through an initial transaction instead of via the platform signal.

Proposition 7. Let v*(¢) be the optimal commission rate under switching cost ¢. There exists ¢ > 0 and
p € [0,1) such that for any p > p and ¢ > ¢, the optimal commission rate is higher in the absence of switching
costs, v*(0) > v*(¢), where the inequality is strict if v*(¢) < ™.

Proposition 7 mirrors Proposition 1(ii) by showing that in a disintermediation-prone environment (i.e., no

)

switching cost and high p), it is optimal for the platform to “double down” on the on-platform transactions

- that is, choose a commission rate higher than the corresponding rate when there is no disintermediation.

The intuition follows similarly to our discussion in Section 3.1.

F.4 Proofs

This section contains the proofs for Propositions 6 and 7. We first provide some supporting lemmas that are

analogous to those presented in Appendix A for the main model.

F.4.1 Preliminary Results

First, Lemmas F.1 — F.5 below characterize the relevant probabilities, commission thresholds for disinter-
mediation, the sellers’ profit functions, and the platform’s revenue function. These results are analogous to
those presented in Appendix A for the main model; the proofs follow similarly and are omitted to avoid

repetition.
Lemma F.1 (Signal probabilities and sellers’ beliefs). The following statements hold for o € {r, s}.
(i) The probability a seller receives the signal o following the period 1 transaction is 7,, where ns :=
A+ (1 =XN)(1=p) andn, :=(1— N)p.
(1i) The seller’s posterior belief that a buyer with signal o has true type j = s is wy, where ws := \/ns and
wr = 0.

(#ii) The probability a buyer with signal o pays the seller if transacting offline is we .

Lemma F.2 (Disintermediation thresholds fixed p). Let Assumption 4 hold. In period 1, all transactions
occur online for all v € [0,4™]. In period 2, given an online price p > 0, both seller types transact offline

with the o = s buyer if and only if v > 4s(p), where

. 1 [
Ys(p) =1 —ws + p

and the offline price is given by

1- S
ba(p) = p( 722:60 )+¢
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Further, neither seller transacts offline with the o = r buyer in period 2 for all v € [0,4™] and p > 0.

Lemma F.3 (Sellers’ profit and price cases). Fix the commission rate v and consider a unit mass of sellers

with quality ¢ and online price p < q. Let II(p) be the sellers’ profit and let p be the mazimizer of II(p).

(i) If the sellers transacts online in period 2 with both o =r and o = s buyers,
a p
(p) = 7°(p) := 2((1 = 7)p — (1 = \)pe) (1 - q)

~ a,_l pc(l_/\)
per '_2<qu 1~ )

(ii) If the sellers reject o = r and transact online with o = s,

I(p) = 7(p) = (1 — Mp — (1~ Ape+ nu((1 — 1)p — (1 — we)pe)) (1 - ”)

q
_ oy 1 pc(l = A)(2—p)
p=r "2<q (1—7)(2—(1—A)p)>'

(iii) If the seller transact online with o = r and offline with o = s,

I(p) = 7(p) 1= ((1 = 7)p — (1 = Ape+ 1y (wsb — (1 — wi)pe — &) + 1, (1 = )p — p)) (1 - p)

q
1 Ape(1 =N+ (1= (1= N)p)
p=r ._2(q (T—NB+1—Np) + A )

(i) If the sellers reject o = r and transact offline with o = s,

T(p) = 79(p) = (1 — 1)p — (1 — Appe + mu(wed — (1 — wi)pe — 6)) (1 - f;)

g1 2pc(1 = AN)(2—p)+ (1 —(1—N)p)
p‘p"2<q+ A= )B- 1-Np) A )

Lemma F.4 (Disintermediation threshold and platform revenue). For each seller type i € {L,H}, there
exists a unique threshold . such that the type-i seller transacts offline with the o = s buyer if and only if

v >~ Further, v <~L for all g >0, and v =~4F =1 - w, if ¢ = 0.
Lemma F.5 (Platform’s revenue function). Let p® for x € {a,b,c,d} be as defined in Lemma F.3, and define

a a p
r(v) =29 <1 - qH> :

_ ?”
) = A A+ (L= N1 ) (1 _ qL) ,

() =71+ (1= A)p)p° (1 - pC) ;

qH
d
p
Td(’Y) = ’Ypd (1 - QL) .
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Then the platform’s commission revenue is given by R(7y), where

pr(y) + (1= wr* ()t ify €[04,
R(y) = pre(y) + (L= p)rb(v)T  if y € (vH,~L],
pre(y) + (1= p)rd(y)tify e (v,

and '+ = max{0,x}.

F.4.2 Proof of Proposition 6

Before presenting the proof of Proposition 6, we first present Lemmas F.6 and F.7 which describe useful
properties of the platform’s revenue function and the optimal commission rate, respectively. For the remainder
of Appendix F.4, define 4" := argmax, o 1) 7" (7) and ¥*¥ := argmax, c(g ymj {#r® () + (1 — p)r¥(7)}, where
x,y € {a,b,c} and the r*(vy) functions are defined in Lemma F.5.

Lemma F.6 (Revenue function properties). For any v € (0,3] and X € [3,1), (i) r*(y) and r°(y) both

strictly decrease in p on p € [0, 1], and (i7) r°(vy) strictly increases in p on p € [0,1].
Proof. (¢). First note for any v € (0,+™],

oo {7( _<c<1—A>p>2>}:_c%<1—A>2p

_9 [ <0.
dp  Ip |2 qu (1 —7)? (1 —)2qn

For r°(7), we have

OO [y (1= N2 p)p)?

ap—ap{4<%<2 (1=2p) qL<1—~y>2<2—<1—A>p>)}
v CA=N22=p)p (8431 =Np* =205 - N)p)
—4< (= a(1—P@— (L= NP )

<0,

where the strict inequality follows because p € [0,1] and A € [3,1] imply 8 4+ 3(1 — A)p* > 2(5 — A)p. Thus,
r%(v) and r°(7) both strictly decrease in p.

(¢¢). To prove the result, we first show that a%rc > 0 at p = 1. We then show 88—:27“0 < 0 for all p € [0,1],
which implies a%rc > 0 for all p € [0, 1]. To begin, note

orc vy 0 B B (4e(1 = N)p)?

o 17 {(”(1 »e) (‘“f qH<<1—w><3+<1—A>p>+A>2>}
Y B (4c(1 = N)p)? B B 32¢2(1 = N)*(3(1 =) +\)p
=1 (“ Y (q’* an( —v)(3+<1—A>p)+A>2) L+ (1 =20) (qH<<1—v><3+<1 ESVHEBNE

(1= Np)? 21— N2(3(1— )+ N)p
2 e (“ — (1 BN +A>2> — A=) (((1 B+ W) +A>3>> ’

(44)
d ,.c

where the third line above follows because <~r

i increases in qg and qg > 4c by Assumption 3. Then
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substituting p = 1,

()| zae(0-»(1- =i ) - (Bt
p=1

NA= N TN (=)@ X) + AP
Next, it can be shown algebraically that (45) holds if g() > 0, where

9() = A=) (A=A =2 +2)? =1 =1 (1=NE=N+A) = (2= 201 = 2)*BA-7) + ).

With some effort, it can be verified that 86—,;29 > 0 and lim g < 0, which together imply g(~) strictly

9
Y—=3 Oy
decreases in v on v € [0,9™]. It is straightforward to verify that g (y™) > 0 because A € [2,1) and y™ < 1.

2
It follows that g(v) > 0 for all v € [0,7™]. Therefore, a%rc > 0 at p = 1. It remains to show aa—pzrc < 0.

Following (44), we have

B B (1 =N)p)? B B 201 =A)?BA =) +A)p

ap = ((1 A (1 ((17)(3+(1)\)p)+>\)2) L+ (1= 2p) (((17)(3+(1A)p)+k)3>>
(1 N (1 N E(1 )+ A

=2e1 = (1= o 0+ 090 (o a7

B (1—=Xp

=2et= (1 T )

=7c(1 =A) (1= h(p) - k(p)),

where

k(p) == (1 =X)p((1=7)B+ (1 =A)p) +A) +2(1+ (1 = X)p)B(1 =) + 1),

o (1—=Xp
") = B 0 V) T AF

Observe that k(p) weakly increases in p for all v € [0, 3] and A € [, 1]. It remains to show h(p) also increases

in p. Note

Oh _(A-MN(A=7)B+A=-Np)+ X =3p(0 -7 -N)  (A-NEBL=-7+A=-2(1-71A=-N)
9p (L= B+1=Np)+N* (1= B+1=Np)+N* o
where the inequality follows because v € [0, 2] and X € [3,1]. The result follows. O

Lemma F.7 (Optimal commission rate). Suppose that 4 = 1 and ¢ = 0. Then there exists p € [0,1) and
p € (p,1) such that v* >~ if p> p, v* =~ if p € [p, pl, and v* =~ if p < p.

Proof. Note v is continuous and decreasing in p and lim,_,o vH =1 - X >~™. It follows that there exists
p € (0,1] such that vH < 4™ if and only if p > p. Therefore, if p < p, then platform revenue is given by
R(vy) = r%(y) for v < ~™. Because r(7) strictly increases in y (Lemma A.12), we have v* =™ for p < p, as
desired. The remainder of the proof addresses the interval (p, 1]. We focus on showing there exists p € (p, 1)
such that v* > v if and only if p > p; we later strengthen this result to show v* = 2 if p € (p,p]. For

R(y) = {r“(v) if v <HH,

© =1, the platform’s revenue is

re(y) ify>AE.
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Next, for convenience define the function

h(p) = max r(y) — max (),
Note v* > vH if and only if h(p) > 0. To see why, note v* > vH immediately implies h(p) > 0 by definition
of R(y). For the reverse direction, it is straightforward to show r*(y) > r¢(y) for all v € (0,+™], meaning
7¢(y) cannot attain its maximum over v > vH at v = v#. Thus, h(p) > 0 implies v* > . It remains
to show there exists p € (p, 1) such that h(p) > 0 if and only if p > p. Note for fixed v, r¢(v) strictly de-
creases in p and r¢(v) strictly increases in p (Lemma F.6). Further, v strictly decreases in p. It follows that
max, < u 7%(7) strictly decreases in p and max, <, n r°(7) strictly increases in p. Hence, h(p) strictly increases
in p. Further, because lim,_,, v = ™ and lim, ,; vZ = 0, we have lim,_,, h(p) = — max,<,m r%(y) < 0
and lim,_,1 h(p) = max,>g TCE’V) > 0. It follows that there exists p € (p,1) such that h(p) > 0 if and only if
p > p. We conclude v* > v if and only if p > p. Lastly, note that p € (p, p] implies v* = argmax., < u7"(7).
Using the expressions in Lemma F.3, it is straightforward to show r*(«y) strictly increases in +. It follows that

v* =il for p € (p, pl. O

Proposition 6. Suppose the switching cost is ¢ = 0. Then there exists i € [0,1) and p € [0,1) such that
if the share of type-H sellers is large u > [, the platform’s optimal revenue R(v*) strictly decreases in the

learning parameter p on p € [0,p) and strictly increases in p on p € (p,1].

Proof. The proof largely follows from Lemmas F.6 and F.7. Let p =1, and let p be as defined in Lemma F.7.
First suppose p < p, which implies v* = min{y, 7™} by the statement and proof of Lemma F.7; we consider

v = yf and v* = ™ separately. By Lemma F.4, v* = 'yf implies the platform’s optimal revenue is
R(v*) = pr*(v*) + (1 — p)rb(v*)*. Then, for p € [0, p] we have

in) _(onat omy
dp y=* 9y dp 9p y=7H
or® 8rb> dvH < or? arb>>
= (L) S ) (1) S
((u o (1—p) o ) dp "o (1—p) o9 ) )|

)
y=~H

or® ort\ dy2
= (N o “)87) dp

where the strict inequality follows because 8%7’“ < 0 and 8%Tb < 0 by Lemma F.6. It remains to show

or® ort\ dyH
I +(1—pu ) - <0. 46
(5 +a-w5) 2 . (46)
Because ¢ = 0, we have v =1 — w, by Lemma A.10, which implies
d g (IT=X)A
Y NN S AN )
ap (ECEE

Further, because (,u% +(1- u)%’j) > 0 must hold at v = v*, we conclude that (46) holds. Therefore,
R(v*) strictly decreases in p for p € [0, p) if v* = vH. The case where v* = ™ follows by a similar argument,
where the condition (46) (with 4™ in place of v¥) holds trivially because d%’ym = 0. We conclude R(v*)
strictly decreases in p for p € [0,p). It remains to show that R(y*) increases in p on (p,1]. By Lemma F.7,
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p > p implies v < ~* and thus R(y*) = ur¢(y*). Therefore, we have
or¢d~*  or
“M\ oy " a
o v dp  Op

To see why the second equality holds, consider two cases: v* = ™ and v* <™. If v* =~™, then dip’y* =0;

dR
dp

ore

= 0.

y=*

Y=

if v* < 4™, then 6%7’0 = 0 at v = v* by the envelope theorem. Finally, the strict inequality follows because
a%rc > 0 by Lemma F.6. We have thus shown R(y*) strictly increases in p on p € (p,1] for up = 1. The
existence of the threshold fi < 1 in the proposition statement then follows by continuity of %R(v*) inp. O

F.4.3 Proof of Proposition 7
Proposition 7. Let v*(¢) be the optimal commission rate under switching cost ¢. There exists ¢ > 0 and

p €[0,1) such that for any p > p and ¢ > ¢, the optimal commission rate is higher in the absence of switching
costs, v*(0) > v*(¢), where the inequality is strict if v*(¢) < ™.

Proof. Note by Lemma F.5, the platform’s revenue is

pre(y) + (1= wr*(y)* if vy € 0,747,
R(y) = ure(y) + (1= pr* ()t ify e (7,45,
pre(y) + (L= pri(n)*™ ity e (vE ™).

Further, by Lemma F.4, we have v = vL = 0 at ¢ = 0 and p = 1. By continuity of v and 4% in p, it
follows that there exists p € [0, 1] such that v* = min{y°?,y™} if ¢ = 0 and p > p. Similarly, because v
strictly increases in ¢ (Lemma F.4), there exists ¢ > 0 such that 4* = min{y?,7y™} if ¢ > ¢. Because v
does not depend on ¢, it remains to show there exists p > p such that v** < 4°? if p > p and ¢ = 0, which
we do in four steps. First, we define four auxilliary functions, ¢*(v) for « € {a, b, ¢,d}, which have the useful
property that £%(y*) = 0. Second, we show there exists p € [p, 1) such that £*(vy) < £°(y) for all v € [0,~7™]
if p > p. Third, we show ¢°(y) < ¢4(y) for all v € [0,4™] and p € [0,1]. Fourth, we combine the first three

steps to prove the proposition statement.

Step 1. Fix ¢ = 0. We begin by defining four auxiliary functions ¢2(v), ¢°(y), ¢¢(v), and £¢(y). Note
differentiating r%(v) in v yields

5o (S e Y () W

where ¢%(v) is defined as shown in (47). Similarly, for 7°(v),

ot o {qL(2—(1—A)p) (7_<c§1—A><2—p>p>2. i )} (48)
L

oy oy 4 2-(0=X1p?2 [@—79)?
q(2 = (1= Mp) <1 (=N 2=p)p)?* (1+9) >
4 (1 2 (=93
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o9 faw. (e =N )
av_av{4(l+(1 WG o <<1—v><3+<1—A>p>+A>2>}
Cam, (19’ (4B (1= N)p) A
=t a1 B s ) “9)
£e(v)

Lastly, for 7¢(v),

ot 9 fa 7_(20(1—A)(2—p)p)2. v
oy 0y | 4 a7 (1=7)B—=(1—=A)p)+A)?

_a (2= NE=p)p)®  (1+7)B - (1= Np)+ A o0
4 ai (L=7)B—=(1=Np)+A)? )"
()

Further, note for « € {a, b, ¢,d} we have {*(y*) = 0.

Step 2. We now show there exists p € [, 1) such that £*(y) < £¢(y) for all v € [0,4™] if p > p. Using the
expressions given in (47) and (49), note £%(y) < £°(v) holds if and only if

(pe1=N))* 14y _ (c1=XNp?* (1+9)B+A-Np)+A

B R (C B T WA QY ) S VER

or equivalently, h(y) < 0, where

161 +7)B+ (1 =N)p) +A) 14+~

L (G 1O SRy Sy s

It remains to show that for any v € (0,7™], h(y) < 0 if p > p for some p € [p, 1). First, observe that

N ¢ B ) [ B Ve P S !

(RIS T R Wy R G
it -Vt 149
(T (PR e S Rl (e
<16 l+9 (“@-N+x  1+v

=72 ((4=2+A)? ([1=9)?°
_ 16 I+ 1 149
(1=7)242  (1-7)°

:O7

where the strict inequality follows because v € (0,7™]. We also have

Oh _ 32(1-X) (1=4)B+ (1= X)p) +A(1—27)) <0

o (A=7B+ T =Np)+A)* T

where the inequality follows because v € [0, 1]. We have thus shown that for any v € [0,7™], h(y) strictly
decreases in p and lim,_,; h(y) < 0. It follows that for each v € [0,7™], there exists p(7y) € [0,1) such that
h() < 0 and thus £*(y) < £°(v) if p > p(7). The result follows by choosing p to be the larger of max,>o p(7)
and the threshold p defined at the beginning of the proof.
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Step 3. The proof is similar to Step 2. Using the expressions from (48) and (50), it can be shown that
?°(y) < £%(v) holds if and only if g(v) < 0, where

g(y):4((1+7)(3—(1—/\)p)+>\)_ Lty
(I=7B=(1=Np)+A)? (1-7)*

We show that for any v € (0,7™], g(v) < 0 for all p € [0,1] and X € [$,1]. We first show g(7) decreases in .

To see this, note

ag_a{ 4 S A+NE-A-=XNp)+A 147y }
OX A ((A=mMB=1=Xp)+A)? (1=-7)B=1T=Np)+A) (1-7)?°
:3{ 4 } (I+7)B=(1=XNp)+A
AN (=B =1=Np)+A)? ] (1=7)B=(1=XNp)+A)
n 4 ,3{(1+v)(3—(l—k)p)+k}
(1=7B=(1=Xp)+A)? A (1=7)B—(1—=A)p)+A)
- 4 . 27(3 — p)
(=B =(1=Np)+A)? (1=7)B—=(1—-A)p)+A)?
< 0.

The first strict inequality above follows because (1 —)(3 — (1 — X)p) + A strictly increases in A, which implies

a% {((1_7)(3_&_)\””)\)2} < 0. Because g(v) strictly decreases in A, plugging in A = 0 yields the upper

bound

404+9)B=p) 14y 147 4
1)< A=B P u—w3a—w3@aqw 1>§0

for p € [0,1] and X € [3,1]. We have thus shown g() < 0, which implies ¢°(v) < £%(y).

Step 4. We now complete the proof by showing v > 4 holds for ¢ = 0 and p > p. Analogous to Lemma
A.12, it can be shown that 7% (v) is strictly concave in « for z € {a, b, c,d}. It follows that pr®(y)+(1—pu)rb(y)
and prc(y)+(1—pu)r?(y) are both strictly concave in . Therefore, to show y°? > v it suffices to show

ore ort
(5 +0-n5)

Using the expressions for £%(y) and ¢°(v), it is straightforward to verify that 4* < 4. Further, because ()

> 0. (51)

ab

Y=y

and r°(y) are both strictly concave, we must have 4* < v < 4%, By Step 2, we have 7% < ¢ for p > p,
which implies % < +¢ and thus a%rc > 0 at v = y% for p > p. Therefore, (51) follows immediately if
%rd > 0 at v = v%. It remains to show (51) also holds when %rd < 0 at v = v®. By Step 2, for each
v € (0,7™] we have £%(~) < £°(v) for p > p. It follows that

orc/oy 1+ —=XNp (y) S 1—|—(1—)\)p.

= 2
ore /oy 2 2a(y) 2 (52)

Similarly, by Step 3 we have £°(y) < ¢4(«) for any v € (0,4™], which implies
ord /oy _ 1 (%) 1 (53)

ooy T 2—(1-Np B() 2-1-Np
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We can now write for p > p,

ore 8rd) < or® 1+ (1—=X)p or® 1 )
+(1- ) > LS kG ) A S
(M oy T, e 0y 2 S TP VY o
1+ —=Xp [ Or® or?
> — ) —
> 5 <u oy Tl—m5s -

>0

)

where the strict inequality follows from applying (52) and (53) and noting that v < 4 < 4¢ implies 8%1"“ >0

and 6%7"6 > 0 at v = 7%; the second inequality holds because 1+(12_A)p > 2—(11—/\);) for all A € [%,1] and
p € [0,1], and because 7* < v implies %rb < 0 at v = 7%; and the final inequality follows by definition
of v, Because v* = min{y?, 4™} for all ¢ > ¢ and v* = min{y°?, y™} for ¢ = 0 as established at the
beginning of the proof, we conclude v*(0) > v*(¢) for all ¢ > ¢ and p > p. Finally, to see that the inequality
is strict wherever v*(¢) < 7™, note v*(¢) < 4™ implies v*(¢) = 72* < min{y°?, 4™} = ~v*(0). O
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