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Abstract

We consider two-sided platforms with the feature that some users on one or both sides
of the market lack information about the price charged to participants on the other side of
the market. With positive cross-group external effects, such lack of price information makes
demand less elastic. A monopoly platform does not benefit from opaqueness and optimally
reveals price information. By contrast, in a two-sided singlehoming duopoly, platforms ben-
efit from opaqueness and, thus, do not have an incentive to disclose price information. In
competitive bottleneck markets, results are more nuanced: if one side is fully informed (for
exogenous reasons), platforms may decide to inform users on the other side either fully, par-
tially or not at all, depending on the strength of cross-group external effects and the degree
of horizontal differentiation.
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1 Introduction

In markets with two-sided platforms, cross-group external effects make the individually optimal
participation decision on one side dependent on how many users are active on the other. In
markets with a lot of turnover of market participants, this decision has to be based on expected
participation on the other side. The level of expected participation depends on market char-
acteristics and, if observable, on the actions of platform providers—in particular, their pricing
decisions.

This paper focuses on the disclosure of prices. In contrast to most of the existing literature,
we do not impose that users know all prices. In particular, we would argue that on many
two-sided platforms, information about the price charged to the other side is not universally
known. Possibly, platforms can strategically decide whether and to what extent they provide
price information to the group of users to whom the respective price does not apply. This is an
issue that is specific to two-sided platforms in contrast to networks or platforms with only one
group of users.

To illustrate what we have in mind, consider a simplified model of video game markets
that abstracts from non-linear pricing and lock-in. Game developers know the fees charged
by platforms to end users but the reverse is often not the case. Platforms sometimes inform
the market about reductions in the costs of developing games for them. For instance, Sony
announced a cut in the price for developers in 2007 and in 2009. In 2009 it released the statement
that it “will deploy various measures to further reinforce game development for PS3 and will
continue to expand the platform to offer attractive interactive entertainment experiences only
available on PS3,” and informed the public that it reduced the price of the development kit from
US$ 10,000 to US$ 2,000. This announcement was not restricted to the developer community, but
spread more widely to users. Thus, Sony’s information policy arguably affected the information
available to gamers and, therefore, their expectation about the availability of games on the
platform.

This paper formally investigates the incentive of platform operators to disclose price informa-
tion to the other side of the market. We use standard models of competition between two-sided
platforms to obtain equilibrium predictions on the pricing behavior for given disclosure rules and
then endogenize the disclosure decision. If some users on one side are not informed about the
price charged to users on the other side, they cannot infer the intensity of usage on the other side
from the observation of actual prices. Instead, these uninformed users have to form expectations
about participation on the other side without knowing the prices that platforms charge on that
side. We assume that these expectations are constant (that is, users hold passive beliefs), and
are confirmed in perfect Bayesian equilibrium. Clearly, users with constant expectations about
participation on the other side do not stop to participate when the price on the other side is
increased. This makes market demand less price elastic. Consequently, the decision to widely
disclose price information tends to lead to lower prices.

If the platform is in a monopoly position and if users move simultaneously on both sides, we

find that the platform fully discloses prices. Why is that so? If users do not observe the price on



the other side, the platform has an incentive to raise this price too much for its own good. This
is similar to the classic opportunism problem (Hart and Tirole, 1990) and generalizes the result
by Hagiu and Halaburda (2014) who allow for no or full disclosure on each side of the market.!

By contrast, with competing platforms (and positive cross-group external effects on both
sides), full disclosure does not necessarily obtain, as higher prices may benefit both platforms.
In particular, under two-sided singlehoming, we show that at equilibrium, platforms do not
disclose any information to users on one side about the price they charge to the other side—the
outcome under strategic disclosure here is the same as when platforms coordinate their disclosure
decisions. Thus, while a monopoly platform always chooses to disclose information fully on both
sides of the market, competing platforms decide not to disclose information whatsoever.

In competitive bottlenecks (i.e., a market in which users on one side singlehome, while users
on the other side can multihome) results are more nuanced. Because the analysis becomes more
involved in this setting, we focus on situations in which users on one side are fully informed;
platforms must then decide the extent to which they want to inform users on the other side. In
case singlehomers are fully informed, we find that platforms choose to disclose no information
to multihomers (about the price they charge to singlehomers) for a large range of parameters.
However, if the horizontal differentiation between the platform is very low (i.e., close to the
limit under which only one platform would survive at equilibrium), then full disclosure and
no disclosure may coexist at equilibrium, or full disclosure may be the unique equilibrium (if
the multihoming side exerts much larger cross-group external effects than the singlehoming
side). Here, a firm attracts more users on the singlehoming side through full disclosure, and this
increase in market share overcompensates the loss in revenue per single-homing users (accounting
for revenues on both sides of the market). In the other case, in which multihomers are fully
informed, the information that platforms give to singlehomers depend again on the parameters of
the model: If multihomers exert sufficiently larger cross-group external effects than singlehomers,
then platforms find it optimal to inform a fraction of the singlehomers, or even all of them
(if multihomers exert even proportionately larger external effects and platforms are not too
differentiated); otherwise, platforms do not inform singlehomers whatsoever. In all these models
of platform competition, platforms would not inform any users if they could coordinate their

disclosure decisions.

Related literature. The early literature on network effects has considered alternative specifi-
cations about output information. In particular, in their seminal paper, Katz and Shapiro (1985)
contrast two models. In the first model (developed in the main text), they assume that users
first form expectations about output levels (i.e., network sizes) and next, on the basis of their
expectations and observed prices, they make their consumption decisions; to tie down equilib-
rium predictions, expectations are required to be self-fulfilling. In the second model (sketched in
the appendix), the authors assume alternatively that firms can commit to output levels, which

allows them to directly influence consumer expectations. In more recent work, Griva and Vettas

L This result holds if cross-group external effects are positive on both sides and also if they are positive on one
side but negative on the other side. In an extension, Hagiu and Halaburda (2014) allow for partial disclosure on

one side; our generalization is to allow for partial disclosure on both sides.



(2011) and Hurkens and Lopez (2014) further explore the effect of user expectations on market
outcomes. In a two-sided market setting, Gabszewicz and Wauthy (2014) consider two versions
of expectation formation to show that two ex ante non-differentiated platforms can coexist and
make positive profits when the strength of cross-group external effects is heterogeneous across
users.?

Within the two-sided platform literature, we follow Armstrong (2006) in postulating that
users on both sides are heterogeneous with respect to their opportunity cost of joining a platform

3 While a substantial literature has evolved

and suppose that platforms set membership fees.
focusing on pricing implications, several contributions have introduced additional strategic vari-
ables including Belleflamme and Peitz (2010) studying sellers’ ex ante investment incentives in
two-sided markets. In particular, Jullien and Pavan (2019) analyze the information management
of platforms that affects the users’ ability to predict participation decisions on the other side. In
this paper, we add to this line of research an alternative strategic variable of platforms, namely
the platforms’ decisions whether to disclose prices on the other side of the market, which directly
affects the ability of users to predict participation decisions on the other side.

As far as we know, the only other paper to explore the impact of price information on
equilibrium outcomes in markets with two-sided platforms is Hagiu and Halaburda (2014). We
follow Hagiu and Halaburda (2014) in postulating that users observe the price they have to pay,
but possibly not the price users on the other side have to pay and that uninformed users have
passive beliefs.# Our monopoly result shows that the result of Hagiu and Halaburda (2014)
is robust to allowing partial disclosure on both sides. Under platform competition, we analyze
strategic disclosure, whereas Hagiu and Halaburda (2014) consider coordinated decisions. In their
competitive bottleneck model, both or none of the two platforms are assumed to fully disclose or
to not disclose at all on the singlehoming side;® all users on the multihoming side are assumed to
be fully informed. They find that platforms jointly decide not to inform users on the singlehoming
side. This finding generalizes to the other models of platform competition analyzed in our paper:
if platforms can coordinate their disclosure decision they do not inform users. By contrast,
we consider the platforms’ strategic disclosure decision (either on the singlehoming or on the
multihoming side) and show that, depending on the setting and the parameter constellation,
platforms fully, partially or not at all disclose information to users.

While we analyze a static setting, expectations about participation decision also matter in
dynamic markets with installed user base. Cabral (2019) provides a theoretical contribution to
the dynamics of two-sided market; Tucker and Zhang (2010) provide an empirical investigation
into a platform’s ability to affect the expectation about participation decisions on the other side
of the market.

2A similar endogenous differentiation result is obtained by Halaburda et al. (2018).
3Rochet and Tirole (2003) consider heterogeneity in usage costs and consider the setting of usage fees. Hagiu

(2006) considers sequential participation decisions by the two sides of the platform. Armstrong and Wright (2007)

and Belleflamme and Peitz (2019) explore the effects of multihoming.
“In an extension, Hagiu and Halaburda show that their qualitative findings also hold under wary beliefs.
5In an extension, they allow that some but not all singlehoming users are informed about prices on the other

side of both platforms.



Our paper also connects to the literature on price transparency. Furthermore, there is a
scant literature on the disclosure of price and product information in oligopoly, which analyzes
the competitive effects of informing only a fraction of consumers (see, e.g., Schultz, 2004, 2009).

Finally, the disclosure decision can be seen as an instance of informative advertising. The
literature has considered oligopoly environments in which firms advertise the existence of a
product, its price and product characteristics (including the contributions by Butters, 1977, and
Grossman and Shapiro, 1984). In our paper, we presume that product and price are known,
but that the price on the other side is not necessarily known. Since the price on the other side
affects participation on the other side, and participation on the other side generates an external
effect, our model captures a situation in which platforms can disclose information that affects

the quality perception.

The rest of the paper is organized as follows. In Sections 2 and 3, we analyze in turn the cases
of a monopoly platform and of two competing platforms, distinguishing between environments
with singlehoming on both sides or with potential multihoming on one side. In Section 4, we

make some concluding remarks.

2 Monopoly platform

In this section, we set up a simple monopoly platform model and examine the incentives of the
platform operator to disclose price information on the two sides of the market. We examine
the model in which the platform sets membership fees on both sides and users on both sides

simultaneously decide whether or not to join the platform.

2.1 Model

Consider a monopoly platform serving two distinct groups of users. Each group ¢ = a, b comprises
a mass of users v; who decide whether to join the platform. The platform charges (possibly
different) membership fees for the two groups, A and B. Below we use the terms ‘membership
fee’ and ‘price’ interchangeably. The constant marginal cost of attracting users on the platform
is normalized to zero. A user of group i enjoys the following net utility when interacting on the

platform with users of the other group:

)

U — Ug +y,np —A ifi=a
‘ up+yyne — B ifi=0

where u; is the intrinsic value of being on the platform, v, measures the cross-group external
effect provided by an additional member of side j on each member of side i, nj is the expected
number of members of side j on the platform. We assume that w; is drawn from a uniform
distribution on [0, v;] and that there is a mass of v; of potential users on side i. As for cross-

group external effects, we assume that they are positive for at least one side.’

5Tt is indeed hard to imagine a two-sided platform connecting two groups that dislike each other.



Facing a membership fee A and expecting participation nj on the other side, a user of side
a decides to join the platform if w, > A — ~v,ny. Correspondingly, a user on side b faces a
membership fee B and decides to join if u, > B — v,n&. Hence, the number of participating
users on side ¢ is computed as

{ Ng = Vg + Yonj — A, (1)
ny = vy + vpny — B.

Concerning the users’ information about membership fees, we assume that on side a, all
users observe the fee that the platform charges on their own side (A) but only have a probability
a to observe the membership fee charged on the other side (side B), and correspondingly on
side b where 8 denotes the probability that users observe the membership fee charged on side
A; the probabilities a and § are common knowledge.

From the platform’s point of view, these assumptions imply that when the platform changes
its membership fee for side 7, all users on side ¢ incorporate this change of price in their decision,
by taking into account that only a share of users on the other side will be aware of these
modifications. We call the couple (a, ) the ‘information structure’. In what follows, we assume
that the platform can commit to this information structure, but, at the ex ante stage, is able to
modify it at zero cost.

We analyze the following three-stage game: (stage 1) the platform chooses the information
structure; (stage 2) the platform sets the membership fees A and B; (stage 3) users in the two
groups simultaneously decide whether or not to join the platform. We look for a perfect Bayesian

equilibrium with passive beliefs of this game.

2.2 Analysis
2.2.1 Participation decisions

Our first task is to determine the number of users that will join the platform on each side,
given the information structure (a, ). On side i, with some probability, a user is informed of

the membership fee charged on the other side and, therefore, is able to anticipate correctly the

¢ =
J

user is not informed of the membership fee charged on the other side. We assume that such an

number of users that will join on the other side: n n;; with the remaining probability, a
uninformed user holds passive beliefs about participation on the other side; that is, the expected
number of participants on the other side is taken as constant nf = z;. Note that such a user
on side ¢ knows that a fraction of users on the other side j do observe the membership fee and,
thus, could make her participation decision dependent on the price on side . Thus, uninformed
users hold the belief that the number of participants is equal to the equilibrium number and
independent of the price on their own side.” We mean to speak of perfect Bayesian equilibrium

with passive beliefs whenever we refer to an equilibrium.

"That is, we assume that if both prices change, ¢, and z; remain unchanged. Alternatively, we could assume
that, even though a user only observes A, she could nevertheless adjust her beliefs x;, by inferring that those users
on side b that observe A will adjust their decision, knowing that participation on side a changes. We leave the

study of alternative beliefs to further research.



Using expression (1), we can thus write:

Ng = Vg + 74 (anp + (1 — @) zp) — A,
np = vp + 7 (Bna + (1 = B)z4) — B

The solution to this system is

1—aBy,y ’
— U tYpTa —B+79,8(Va—Ta— A+, (1—a)xp)

{ n. — YatYaTo—At+y,a(vp—2p—B+7,(1-F)za)
a
1_Oéﬁ’7a7b

Ny

Demand n, is decreasing in A and n; in B if af87y,7, < 1. This condition is satisfied for all

information structures if v,v, < 1.

2.2.2 Membership fees

The platform chooses A and B to maximize its profits II = An, + Bny. To assure an interior
maximum, cross-group external effects cannot be too large (Assumption 1)® and, in case of
a negative cross-group external effect, an additional parameter restriction must be satisfied
(Assumption 2).

Assumption 1. 4 > (v, +78) (7 + V,)-
Assumption 2. 2v, + (77, +78) vy > 0 and 2vp + (7 + V,0) va > 0.

Under these conditions, we obtain the following lemma (we relegate all the proofs to the

appendix).

Lemma 1. For a given information structure, the platform chooses the equilibrium membership

fees
ar = 2B 7)) vat (Yo = 1B W g _ (2= 7 (Ve +755)) b + (3 — V) Va
4= (Va+78) (v +7,9) ’ 4= (Va +78) (W +740)
which yield equilibrium participation levels
nt — 200 + (Vo + 768) v = 205 + (V5 + Ya®) Va

C A= (e 78 (v +7a) 4= (Vo +718) (v + 700)

Note that Assumptions 1 and 2 guarantee positive participation on both sides. We also note
that A* = n; — Bvyyn; and B* = ny — ay,n;.
2.2.3 Information structure

We now examine how the equilibrium responds to a change in « and . In the appendix, we

prove the following result.

Proposition 1. A monopoly platform chooses to inform all users at equilibrium: o* = * = 1.

8Tt can be checked that Assumption 1 implies that YoVs < 1, so that participation on each side is a decreasing

function of the price set on that side.



To understand this result, let us decompose the effects on the platform’s equilibrium profit
of a change in the information on side a:
aire 0A* on

da o« Mo

* B*
f g ?

. Onp .

Oa

We compute
A" [0a = (74 — BYp) VaKa,

anZ/aa = (7@ + BPYb) ’}/CLKG7
83*/806 = - (2 — 7 (7(1 + 671))) ’YaKaa
ong /0o = 2v,K,,

with

2
K, = Ya £ (Vo +708) v > 0 by Assumption 2.

2
(4= (Va +78) (7 + 7))
Consider first a platform that exhibits positive cross-group external effects on both sides. For

instance, a gaming platform with developers on side a and gamers on side b: developers’ profits
increase with the number of gamers (v, > 0) and gamers’ utilities increase with the availability
of games (v, > 0). By raising «, the platform makes side-a users more aware of —and so more
sensitive to—price changes on side b. Other things equal, this gives the platform larger incentives
to lower B* because the leverage effect of attracting more side-b users (so as to attract more
side-a users) increases. One expects thus an increase in « to be followed by a decrease in B*,
resulting in an increase in n; and ny; one also expects the platform to raise A* so as to take
advantage of the increase in n; induced by the decrease in B*. We observe in expression (3)
that the increase in n; is unambiguous, as is the increase in n; when 7, is positive.” As for
the change in prices (namely a decrease in B* and an increase in A*), they are as expected as
long as /37, is not too large with respect to ,; if not (i.e., if gamers exert sufficiently stronger
external effects than developers, and if gamers users are sufficiently informed of the fee charged
to developers), then the platform may adjust its price structure differently (it may reduce A* and
even raise B*).!® We thus see that changing information on one side can have opposite effects
on participation and on fees. To assess the net effect, we use the fact that A* = nj; — v,n; and
B* = nj — ay,n:. This allows us to rewrite expression (2) as

dlr*

o = Yalla (272 (1 = @) ng +75 (1 = B) (va + Bw) 13) , (4)
which is clearly positive when ~,,~v, > 0.

Consider now a platform combining positive and negative cross-group external effects. An
example is a media platform that links advertisers to readers: advertisers welcome a larger
audience whereas readers dislike more advertising. Suppose first that advertisers are on side a,
so that v, > 0 > ;. In that case, it is clear that dA*/Ja > 0 and 9nj/Oa > 0: increasing the

advertisers’ information about the readers’ fee yields the platform to charge more to advertisers

9The same result applies for the users’ net values. We have indeed that n; = v; + yns — M = Ui + vi — w
(where M, = A and M, = B).

For instance, if all gamers know about the fee charged to developers (8 = 1), then dA*/0a < 0 for v, > 7,
and 0B /0a > 0 for v, > (1/72 + 8 —v,)/2, which is compatible with Condition (1) for v, > ~,.



and to increase readers’ participation. If v, < — (7, (i.e., if advertisers value less an extra reader
than readers dislike an extra advertiser), the effect on the readers’ fee is ambiguous but it is
clear that On /O < 0: better information on the advertisers’ side leads the platform to decrease
advertisers’ participation. Also, if v, < —/7,, expression (4) reveals that the net effect on profit
is positive.

Let us now reverse the roles by taking readers on side a, so that v, > 0 > ~,. Clearly,
0A*/0a < 0 and Onj/Oa < 0: increasing the readers’ information about the advertisers’ fee
yields the platform to charge less to readers and to decrease advertisers’ participation. If 8y, <
—7, (i.e., if advertisers value less an extra reader than readers dislike an extra advertiser), we
have that dn}/0a > 0 and 0B*/0a > 0: better information on the readers’ side leads the
platform to raise readers’ participation and the advertisers’ fee. Again, in that case, expression

(4) reveals that the net effect on profit is positive.

3 Competing platforms

In this section we turn to platform competition. Suppose that there are two platforms, located
at the extremes of the unit interval (platform 1 at 0 and platform 2 at 1). There is a mass 1 of
users on the two sides of the market (noted a and b). We denote by m,; the mass of users of side
i (i = a,b) who join platform 1 and by n; the mass of users of side ¢ who join platform 2. We
also denote by Ay and By the membership fees charged by platform & (k = 1,2) on side a and
b respectively.

We contrast two settings. In the first setting, called “two-sided singlehoming”, users on both
sides on the platform are supposed to singlehome; that is, they can be present on at most one
platform. In the second setting, called “competitive bottlenecks”, users on side a still singlehome
while users on side b have the possibility to multihome (or, equivalently, each platform can be

accessed by separate subsets of side-b users).

3.1 Two-sided singlehoming

Users on both sides have to choose to visit either platform 1 or platform 2. We make the following
assumptions about the users’ ability to observe prices. First, all users observe the membership
fees charged by the two platforms on their own side (i.e., users of side a observe A; and Ag, and
users of side b observe By and Bs). Second, on side a (resp. b), each user has a probability ay
(resp. () to be exposed to the membership fee charged by platform & on the other side of the
market. Third, these probabilities are common knowledge.

We analyze the following three-stage game. In stage 1, the two platforms choose the share
of users they want to inform about prices; that is, platform 1 (resp. 2) chooses a; and (3, (resp.
a9 and f35); we continue to assume that no cost is associated to these decisions. In stage 2, the
two platforms set their membership fees; that is, platform 1 (resp. 2) chooses Ay and Bj (resp.
A9 and By). Finally, in stage 3, users on both sides decide which platform to visit. We solve the

game for perfect Bayesian equilibria with passive beliefs.



3.1.1 Participation decisions

A user of type a located at = € [0, 1] compares the net value she gets from joining either platform
1 or platform 2; that is, respectively uq +v,mj — A1 — 7oz, and uq + yonf — Az — 74 (1 — 2),
where u, is the stand-alone utility, 7, measures the cross-group external effects that side b exerts
on side a, 7, is the unit transportation cost on side a, and mj and nj are the expected mass of
users of side b who will join, respectively, platforms 1 and 2. The indifferent user of type a is
thus identified as | A A
Sy e T

We define similarly the indifferent user of type b as

(mjy —ny) -

xb:;—BlQTbBM;Tbb(mg—ng).

We focus here on the case in which v, > 0 but we do not place any restriction on ;, which can
be positive or negative. As for the stand-alone utilities u, and wup, we assume that they are large
enough so that all users join one or the other platform at equilibrium.!!

Using the identities of the indifferent users, platforms can compute the share of users on
each side that will react or not to a modification of their membership fees. This can be modeled
in the following way. Take side a. Platform 1 knows that with probability a1, the user observes
B and can correctly anticipate the number of type b users that will join platform 1; that is, for
such a user, m{ = m. In contrast, with probability (1 — a), the user does not observe B; and
forms a passive expectation about the number of type b users that will join platform 1; that is,
for such a user, mj = yp, with 3, being some constant (we require, however, that expectations
be fulfilled at equilibrium: y, = my at equilibrium). Similarly for platform 2: with probability
ag, ny = ny, and with probability (1 — a2), nj = 2.

Making similar definitions on side b, we can thus write the following:

my—ny = oqymp+ (1 —ar)yp —any — (1 —a2) 2

= (o1 +oa2)(my —yp) + 2y — L.

where, in the second line, we make use of the fact that, because of full participation on both sides,
m; =1—n; and y; = 1 — 2. Correspondingly, we find m¢ —nt = (8; + B3) (Ma — Ya) + 2y, — 1.
Under full participation, we also have that m; = Z;. To find the number of users joining the two
platforms as a function of the four membership fees, we must then solve the following system of

equations:

me =3 — 2542 4 Jo ((an + az) (my — ys) + 20 — 1),
1o BB (B + By) (Mg — Ya) +2ya — 1)

mp = 3 27

2Ty
We define h, = 7, (a1 + a2) /2 and hy = v, (81 + B5) /2 as the as “effective” intensity of the
external effects given the information structure. In the full-information case, h; = 7,. We note

that in the two-sided singlehoming case all our results depend on this effective intensity of the

"' More precisely, we require 2uq > 374 — v, — (8, + B2) v, and 2up > 37, — v, — (1 + az2) v,



t.12

external effec We can write the solution as

Fo — 71 (A1 — Ag) — he (B1 — Ba) and mr — Fy — 714 (B1 — Ba) — hy (A1 — Ag)
2(1aTp — hahp) b 2 (1q7p — hahyp)

Mg = , with

Fo = 2ha (v — M) Ya + 276 (Vo — ha) Yo + (76 — V) ha — (Vo — Ta) 7o,
Ey

2hy (Vo = ha) Yb + 270 (7 — M) Ya + (Ta — Vo) o — (7 — T1) Ta-

3.1.2 Membership fees

Platform 1 chooses A1 and By to maximize Iy = A;m, + Bymy, while platform 2 chooses As
and By to maximize IIy = Ay (1 —m,) + B2 (1 — my). Solving for the system of four first-order
conditions (and assuming 47,7y > (hq + hy)? to satisfy the second-order conditions), we obtain
values of the membership fees that we use to compute the values of m, and my. The next step
consists in imposing fulfilled expectations, i.e., y, = mq and yp = my. Replacing and solving,
one finds that the unique fixed point is m, = my = 1/2. Substituting y, = m, and y, = m; into
the expressions of F, and Fj, allows us to complete the characterization of the equilibrium (see

the appendix). We can then state the following results:

Lemma 2. In the two-sided singlehoming setting, for a given information structure, the platform

chooses the equilibrium membership fees

A} = A =74~ L (B +By) v and Bf = By = 1 — L (a1 + a2) 7,

*

which yield equilibrium participation levels mj, = n} = mj =n} = 1/2, and equilibrium profits

I} =105 = L (ra +79) — L (a1 + @) 70 + (By + B2) ). (5)

3.1.3 Information structure

We observe from expression (5) that OII7 /Oc; has the opposite sign of v, and OII7 /03, has the

opposite sign of v,. We therefore conclude:

Proposition 2. In the two-sided singlehoming case with symmetric platforms and positive cross-
group external effects on both sides, it is a dominant strategy for each platform to disclose no

information to users in some group about the membership fee they charge to the other group.

Note that the information structure chosen by the platforms at the equilibrium of the game
is completely at odds with the preferences of the users. The equilibrium net values for the users
are indeed computed as: U; = 37, + 5 (81 + B2) 7 — Ta and U = 17, + 3 (a1 + a2) 74 — T
Thus, 0II}/0c; and OU; /Oa; have opposite signs, and so do OII /08; and OU}/0p;. So, as

cross-group external effects are positive on both sides, we see that the users benefit from more

12As we show below, this does not hold in the competitive bottlenecks model because, in this model, user

behavior differs on the two sides.
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observation of prices, while the platforms suffer from it (and will therefore choose to disclose no
information at equilibrium).

Importantly, we observe that the introduction of a competing platform completely reverses
the conclusion that we drew in the monopoly case: while a monopoly platform always chooses to
disclose information fully on both sides of the market, competing platforms decide to disclose no
information whatsoever when users singlehome on both sides. To understand this result, note
that the logic that we described in the monopoly case still applies: by disclosing information to
more users on one side, a platform increases the leverage it can gain on this side by lowering its fee
on the other side. This is understood by all market participants in stages 2 and 3. Consider the
deviation of a platform from symmetric disclosure policies. A platform that discloses information
to more users on one side than its competitor will increase the number of users on this side and
obtain a larger market share on this side. Such a deviation tends to be profit-increasing, taking
equilibrium prices under symmetric disclosure policies as given. However, since the competing
platform best-responds, more disclosure heats up competition and, therefore, a platform may
not have an incentive to further disclose information. In this setting, with singlehoming and full
participation on both sides, competition is particularly intense (each user gained by platform
7 is a user lost by platform j, thereby generating a positive feedback loop on platform 7 but a
negative feedback loop on platform j). What Proposition 2 shows is that this competition effect
is so strong that platforms prefer not to disclose any information at equilibrium and strategic

disclosure gives the same outcome as coordinated disclosure.

3.2 Competitive bottlenecks

We now examine whether no disclosure is still observed at equilibrium when users on one side
have the possibility to multihome. As multihoming may relax competition between platforms
(for a systematic analysis, see Belleflamme and Peitz, 2019), the balance between the two effects
that we just outlined is likely to be affected.

Suppose that users on side a still singlehome while users on side b have the possibility to
multihome. (Equivalently, users on side b could be split into two separate subsets, with one
subset being able to access platform 1 only and the other subset being able to access platform
2 only.)!> We analyze the same three-stage game as in the previous section: (1) choice of
information structure, (2) choice of membership fees, (3) participation decisions. As a word of
caution, in the two propositions in this section (Propositions 3 and 4), at stage 1, we characterize
the solutions to the system of first-order conditions and check that second-order conditions are

satisfied locally. In this sense, we characterize “local” equilibria.

3.2.1 Participation decisions

A user of type a located at x € [0, 1] compares the net value she gets from joining either platform

1 or platform 2; that is, respectively v,mj — A1 — 7,2 and y,nj — A — 7, (1 — x), where mj

13With this interpretation in mind, it could be possible to examine the case where each subset may not observe

the fee charged to the other subset. We leave this issue for further research.

11



and ny are the expected mass of users of side b who will join, respectively, platforms 1 and 2.14

The indifferent user of type a is thus identified as
1 Al - A2 Ya

Ta=5 " o Yo,

(mjy —ny) -

A user of type b located at = € [0, 1] decides to join platform 1 if y,m¢ — By — 752 > 0 and to join
platform 2 if y,nS — Bs — 7 (1 — ) > 0. That is, the marginal type b users joining platforms 1
and 2 are identified by

1

B1=—
Th

(vymC — By) and s = 1 — le (von — By).

We make the same assumptions as before regarding the users’ ability to observe prices.
It follows that mj = aymp + (1 — 1) yp, nf = aonp + (1 —az) 2, m§ = Byma + (1 — B1) Ya
and n¢ = fong + (1 — B) z,. We assume full participation on the singlehoming side, so that
mg +ng = 1 and y, + 2z, = 1. Moreover, m, = Z,. On side b, we have that m; = Z; and
ny = 1 — 9. Combining these equalities and solving, we obtain the following numbers of users

as functions of the membership fees and the information structure:

_ G*Tb(Al 7A2)7a17a31+a27a32
27aTh—Y4 V(181 +202) ’

_ G—7p(A1—A2)—a1y,Bi1+azy,B2 B
my = TZ (Bl 2b"'a7b*’7a7b(05161+a252) + (1 B 61) ya) - ?;’ (6)

ny = b (52 (1 _ G*Tb(AlfAz)fanaBﬁazvaBz) F(1—8y)(1— ya)) _ B

Mg

Tb 2TaTo—Yo V(@181 +a2f5)

where

G = TaTo — a27,Yp + YV (a1 (1 = B1) + a2 (1 = B3)) Ya
+YoTb (1 — 1) yp — Yo7p (1 — 2) 2p.

As solving the full problem appears to be cumbersome, we study two specific cases. First,
we consider the case where the singlehoming side is aware of prices on the multihoming side but
that users on the multihoming side are initially uninformed (but may become so as the result
of the disclosure decisions by platforms). Then, we consider the opposite case. To ensure the
existence of a perfect Bayesian equilibrium with passive beliefs in both cases, we impose the

following restriction on the parameters:

t=Tams > § (V5 + 72 + 4Ya7s) = tumin, (7)
where t stands for 7,7, and can be seen as a measure of the degree of horizontal differentiation
between the two platforms.
3.2.2 All singlehoming users are informed

We assume here that users on side a (where users singlehome) observe the membership fees that
the platforms set on the other side but that the reverse may not be true; that is, a; and ag are

exogenously set to unity, but the platforms choose 3, 55 € [0, 1].

1To ease the exposition, we assume here that users do not receive any stand-alone benefits when joining a

platform (i.e., we set uqs = up = 0).
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Membership fees. Platform 1 chooses A1 and By to maximize II; = Aym, + Bimy, while
platform 2 chooses Ay and Bs to maximize IIy = Ay (1 —mg) + Bang. In the next lemma, we

characterize the equilibrium.

Lemma 3. In the competitive bottlenecks case in which all singlehoming users are informed

while some multihoming users are uninformed, the platforms set the following membership fees:

47aTy—B173—(B1+285) -
* aTb—P17y 1 2)Ya Vb o % * __ Y7 *
A 27, Mg, Bi = “57mg,

_ 2_ _
A5 — ATaTy ﬁzvbQT(jﬁlJrﬁz)va% (1—mz), By = 2% (1 —m?),
with
* 1 Y6 (Ya=76) (B1—B2) 1 ot
Ma 2 T 3(12rary (B2 5y F BB 2485, 1381 )) e L T Ma
1 1
my = 5 (Yot V) N M = 55, (Ya ) Mg

The resulting equilibrium profits are

v 8Tamp—72+(1-281)72—2(B814+2B2)Va s *\2
I L IS LH 0 ()2,

x  _ 8rame—72+(1-282)72—2(281+B2)7a e *\2
H2 - < 4Tb < (]' - m[l)

Regarding the equilibrium fees, we observe that if the singlehoming side exerts larger (resp.
smaller) cross-group external effects than the multihoming side (i.e., 7, > 7;), then the fees
charged on the multihoming side are clearly negative (i.e., below marginal cost), while condition
(7) implies that the fees charged on the singlehoming side are positive (whatever the values of 3,
and f35). If the opposite prevails (i.e., v, < 7;), then platforms set positive fees to multihomers,
while the sign of the singlehomers’ fees cannot be ascertained.

Regarding the equilibrium participation on the single-homing side, we observe that the plat-
form that discloses to more users on the single-homing side, obtains more participation than the
competitor if and only if the multi-homing side is subject to stronger network effects than the

single-homing side (i.e., v, < 7;)-

Information structure. Platforms simultaneously choose their value of ; in (0,1). We look

for a symmetric equilibrium. We compute

OIT
9B,

a7 (37 +76) B— (4570 +75) — (a+7) (372 +77)) (8)
b 16(6t—72 ~74 75 =873 —387a7) T '

/31:/3225

Under condition (7), the denominator is positive, which implies that the derivative is increasing
in #. There are thus three possible situations according to the sign of the derivative at 5 = 0

and 8 = 1. We compute

oIl s 0w Tatm) (372 +73) .

9Bi g, =,~0 4 (574 + ")

itk s et Oatm) (37 +75) | %% Brat ) _ .
IBi |g,=p,=1 4 (570 + M) (57va + )
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As t; < tg, the derivative in (8) is positive for all values of g if ¢ < ¢1, negative for small values
of 8 and positive for large values of g if t; < t < t9, and negative for all values of 5 if £ > to.

We have thus proved the following result (which we illustrate in Figure 1).

Proposition 3. Consider the competitive bottleneck setting in which platforms have to decide
to which extent they inform the multihoming side about the fees charged on the singlehoming
side. At the symmetric perfect Bayesian equilibrium with passive beliefs, the platforms’ choice
of information structure features: (i) full disclosure (8; = By = 1) if tmin < t < t1; (11) full
disclosure or no disclosure (81 = Py € {0,1}) if max {tmin,t1} < t < to; (iii) no disclosure
(B1 =By =0) if t > max{tmin, t2}.

We observe in Figure 1 that for a large parameter range, firms will choose at equilibrium to
disclose no information, which is reminiscent of what was observed in the two-sided singlehoming
case. This is certainly so if the singlehoming side exerts stronger cross-group external effects
than the multihoming side (v, > 73, which implies tmin > t2). Yet, if the latter condition is
reversed (i.e., if the multihoming side generates the stronger external effects) and platforms
are not too differentiated (¢ < t2), then full disclosure can be another equilibrium, or even the
unique equilibrium, of the game. However, for full disclosure to be the unique equilibrium of
the game, the multihoming side must exert much stronger cross-group external effects than the
singlehoming side (¢; > tyiy if and only if v, > 17v,). It is also important to note that when the
two equilibria coexist (i.e., for max {tmin,t1} < t < t2), platforms strictly prefer no disclosure
(81 = By = 0) to full disclosure (8; = B3 = 1). We have indeed

« « B i PR e 0 0 A o P e 73
Tilg,=p,=0 = Wilg,—p,=1 = —67, " — 167 =N 8, >0

Hence, in this parameter range, if platforms could coordinate on the preferred equilibrium, they
would not disclose prices on the other side.

Keeping the parameters for the cross-group external effects constants and varying ¢, we see
that for full disclosure to be an equilibrium outcome, platform differentiation cannot be too large
(and requires v, < 7). The reason is that, for v, < 7,, if a platform discloses to more single-
homing users, its market share on the single-homing side increases (as follows from Lemma 3).
This makes disclosure particularly attractive when ¢ is small, as demand is more sensitive.

Restricting strategies to 5, € {0, 1}, in the special case 7, = 0, we obtain simple expressions
for profits in each of the four subgames after stage 1. Denoting profits at stage 1 by II7 (3, 85),

e
these profits are IT}(0,0) = Sfér:b I3 (1,1) = 81567"113’

2
* 8t— *
H1(170) = 4sz (;4_ 12t 75 ) :HQ(Ov 1)a and
2
* _ 8t+77 (1 _TT*
0.0 = % (5 i ) —m.o.

Hence, we find that min{IIj(0,0),II;(1,0)} > II}(1,1) and II}(0,0) > IIj(0,1). Depending on
the parameters, IIf(1,0) may be smaller or larger than IIj(0,0). If ITj(1,0) > IIj(0,0), no
disclosure is not an equilibrium. Since one can show that IIj(1,0) > IIj(0,0) implies II(1,1) >
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I15(0,1), full disclosure is the unique equilibrium. The game at stage 1 then has the structure
of a prisoner’s dilemma. Otherwise, either no disclosure is the unique equilibrium or full and no
disclosure are equilibria.

More generally, returning to continuous strategies at stage 1, for any admissible parameters,
using the profit formulas in Lemma 3, we obtain that dII} (8, 5)/df < 0. Thus, if platforms could
coordinate their disclosure decisions, no information would be disclosed. Proposition 3 shows
that the preferred no disclosure outcome is supported as equilibrium of the strategic disclosure

game if t > max{tmin, t1}.

Z
A

o7/

0.067, Vs Ya

Figure 1: Price disclosure in competitive bottlenecks (all singlehomers are informed)

3.2.3 All multihoming users are informed

We assume now that all multihoming users (i.e., side b users) are informed, so that 8; = 5 =1,

and some singlehoming users may be uninformed, so that a; and as range between 0 and 1.1

Membership fees. Platform 1 chooses A; and By to maximize II; = Aym, + Bi1my, while
platform 2 chooses Az and By to maximize IIy = Ay (1 —m,) + Bany. We characterize the

equilibrium in the next lemma.

Lemma 4. In the competitive bottleneck case in which all multihoming users are informed while

some singlehoming users are uninformed, the platforms set the following membership fees:

AF — TaTy— “/b(vb+(a1+2a2)va)m Bf = L=y

x _ ATaTp— “/b(’Yb+(2a1+a2)’Y ) Yp— 2y *
Ay == oo ©(L—=mg), By === (1—mg).

The resulting equilibrium profits are

87aTp—(Vi+aiva+2(c1+202)
HT TaTb (”/b O‘WZTb a1t+2a2 %ﬂb) (mZ)Q,

8707y — (V2 +a3y242(2a1 +2)y,Y )
H; _ ( aTp ( b 2 ZTb a b)) (1 mZ) ,

5This seems to be a realistic assumption in many environments in which sellers are on the multihoming side
and buyers on the singlehoming side. Coordinated disclosure decisions in this setting have been analyzed by Hagiu

and Halaburda (2014); they find that equilibrium profits are largest under no disclosure.
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where

m: = 14 YaYa=7s) (01 —0a2)
a 2 1 2(127am— (27, (Vo +vp) H(a1Fa2) (Y2 4+37478)))
*  _ Yptaiy * * _ Yptagy *

my = ey, = n R (L —mg).

Regarding the signs of the optimal fees, all we can ascertain here is that v, > v, (resp.
Y > 7,) implies that singlehomers (resp. multihomers) pay positive fees; otherwise, the signs

depend on the share of informed singlehomers.

Information structure. Platforms simultaneously choose their value of «; in [0,1]. To char-
acterize the symmetric equilibrium of this game, we evaluate 0} /0a; at a1 = as = a. We

obtain
OII? 1 Ve

O | g —agee 16756t — (092 + 92 4+ (14 300) 747s)

P(a),

with

P (@) =2 (74 + T73) & + 27, (775 — 6t — vavp) @ + 75 (Yo + 373) + 4t (27, — 573) -

Condition (7) implies that the derivative has the same sign as P (o). Because P («) is a second-
order polynomial, there are potentially three symmetric equilibria: full disclosure (a* = 1), no
disclosure (a* = 0), or partial disclosure (0 < a* < 1). In the latter case, the level of disclosure
is given by the smaller root of P («), denoted by . It can be shown that oy, < % In the proof
of Proposition 4 in the Appendix we derive the following three thresholds:

1
ts = (3%% 92 = T+ (e — 1) (Ya + ) (2 + 27?)) )
ty = M
4 (57 = 27a)’
b = Jat 57+ 15705+ 37
4(va +5m)

In the appendix, we show that P («) has no real roots and is everywhere positive for ¢ > ts,
while P (0) < 0 if 2y, < 5y, and t > t4. In the following proposition, we provide a partial

equilibrium characterization.

Proposition 4. Consider the competitive bottleneck setting in which platforms have to decide
to which extent they inform the singlehoming side about the fees charged on the multihoming
side. At the symmetric perfect Bayesian equilibrium with passive beliefs, the platforms’ choice of

information structure ay = ag = o is as follows:

a* =0 ift > max{tmin,ta},
* Qy if max {tmin,tg} <t <y,
a*=1 tmin < t < 5.

Q
I

As shown in the proof in the Appendix, we have identified two parameter regions in which

two candidate equilibria coexist. First, for max {tmin,t4} < t < t5 (which implies 27y, < 5v;),
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Figure 2: Price disclosure in competitive bottlenecks (all multihomers are informed)

we find that full and no disclosure are equilibrium candidates. Second, for max {tmin,t3} < t <
min {t4, 5}, full and partial disclosure are equilibrium candidates. The following remark (for-
mally shown in the Appendix), provides a partial answer to the question as to which equilibrium

candidates survive global deviations.®

Remark 1. For v, € [vy,57), we have that tmin is the lower bound of the parameter region
with multiple equilibrium candidates. At this lower bound, the equilibrium candidate with full
disclosure is not a global mazximizer, while the other equilibrium candidate gives a higher profit

than the mazrimal deviation.

By continuity, the result also holds in the vicinity of the lower bound. We illustrate our
findings in Figure 2 in which, for simplicity, we do not show the full disclosure equilibrium
candidate within the parameter range with multiple equilibrium candidates—such an equilibrium
candidate exists in the region between t,,;, and t5.

We observe from Figure 2 that the equilibrium information structure crucially depends on
the relative strength of the cross-group external effects on the two sides. If multihomers exert
sufficiently larger cross-group external effects than singlehomers (i.e., v, being larger than about
2.57), then, in equilibrium, platforms choose to inform at least a fraction of the singlehomers.
Full disclosure is the only equilibrium candidate if multihomers exert a sufficiently larger exter-
nal effects than singlehomers and platforms are not too differentiated. Intuitively, a relatively
large v, generates strong positive revenue effects on the singlehoming side from gaining addi-

tional multihoming users; this gives incentives to platforms to inform at least some users on the

16The analysis is partial insofar as the complexity of the problem prevents us from checking the second-order

conditions globally on the whole parameter range.

17



singlehoming side about the price charged to the multihoming side. Otherwise, platforms decide
not to inform singlehomers.

For further illustration, consider two special cases. First, suppose that multihoming and
singlehoming users are subject to the same marginal external benefit; i.e., 7, = v, = . Then,
for any (a1, a2), m! = n} = 1/2 and, thus, more disclosure does not shift demand when prices

are endogenous. Platform i’s equilibrium profit at stage 2 is

. T 1
I} = ?a — m(l + af + 20 + daj)y?

Thus, at stage 1, platforms do not disclose information (i.e., aj = a4 = 0) because disclosure
increases the intensity of competition on the singlehoming side. The outcome is the same as in
an environment in which they coordinated their disclosure decisions (as in Hagiu and Halaburda,
2014).

Second, suppose that multihoming users are not subject to any external benefit; thus, par-
ticipation decisions on side a do not affect multihomers directly; i.e. v, = 0. In this case,
participation on multihoming side is —B;/7,. We obtain that, at stage 2, for given prices

on the singlehoming side A;, platform ¢’s profit-maximizing price on the multihoming side is

B; = =57+ A;. In equilibrium, the platforms set the following membership fees:

1%, *
2 a’

S=21,(1—m}), Bgz—%(l—m*),

* * * __
1 =21,m}, B = —

V2 (1 —az)
1277 —(a1+a2)v2)
a will learn about the price charged to users on side b, and this gives incentives to platform 7 at

where m) = % + 57 . Evaluated at a; = ag, by increasing «;, more users on side

stage 2 to further subsidize users on side b; i.e., 0B /0q;| , < 0. In other words, for larger

al=«
«;, the price on the multihoming side, B;, becomes a more effective instrument to attract users

on the singlehoming side. Equilibrium profits at stage 2 are

)
HT = STGTZTbal'Va (m:;)zv
2.2
My = STem0%%a (1 )’
We have that
OII? 72 yRa? — 120t + 8t

00 | 4, —ay—ar 167y, 6t — ay?

e
127y,
closure cannot occur in equilibrium. Setting a larger «; than the competitor gives platform

Evaluated at o = 0, this derivative is > 0, which shows that platforms choosing no dis-
1 an advantage, but competition becomes more intense. Each platform has to balance these
countervailing forces, given the behavior of the competing platform. Therefore, for some pa-
rameter range, the equilibrium features partial disclosure of = o3 € (0,1), which is given by
af =2t <3 - W) /72. By contrast, if platforms coordinated their decisions (as in
Hagiu and Halaburda, 2014), both platforms would implement no disclosure.

Comparing the results of Propositions 3 and 4, we notice a couple of common patterns in the

two cases that we analyzed. First, we see that in both setting, platforms choose to disclose no
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information at equilibrium when the informed users exert stronger cross-group external effects
than the initially uninformed users (i.e., vy, > 7, when all singlehomers are informed or 7, > v,
when all multihomers are informed). This result is easily seen for symmetric cross-group effects
(Ve = 7). When all singlehomers are informed, a change in f3; at the first stage only affects the
equilibrium fee on the singlehoming side at the second stage (the other fee and the participation
levels are constant; see Lemma 3); as 0AY/08; < 0, it follows that platforms prefer opaqueness
(B8; = 0). When all multihomers are informed, an increase in «; leaves participation on side a
unaffected, and increases participation on side b; yet, as both fees decrease (see Lemma 4), the
net effect on profit is negative and, again, platforms prefer opaqueness (a; = 0).

Second, there exist parameter constellations such that platform fully or partially inform the
initially uninformed side. Partial or full disclosure of information to the uninformed side requires
that this side exerts proportionately larger cross-group external effects. For platforms to inform
fully the initially uninformed side at equilibrium, this side must exert substantially stromger
cross-group external effects than the other side (namely, v, > 177, when side a is informed, and
Yo > D7 when side b is informed). Moreover, we observe that partial disclosure may take two
different forms: when singlehomers are informed, partial disclosure may result from a mixed-
strategy equilibrium (when both full and no disclosure are pure-strategy equilibria); in contrast,
when all multihomers are informed, an interior equilibrium in pure strategies may emerge. This
stands in contrast to a setting in which platforms can coordinate their disclosure decision; with

such coordination, platforms would not inform users.

4 Discussion and Conclusion

How are market outcomes affected if platforms do not inform all users about the prices charged
to users on the other sides of the platform? Market outcomes then depend on user expectations
about participation levels. These expectations are independent of the actual price on the other
side if this price is not observed, but may depend on the price set on the own side. In this paper,
we characterize perfect Bayesian equilibria with passive beliefs, i.e., users who only observe the
price on their own side expect that the participation on the other side is given by its equilibrium
level.

While a monopoly always has an incentive to inform all participants about prices, the re-
sult is reversed under platform competition with strategic disclosure two-sided singlehoming. In
markets that feature competitive bottlenecks, results are more nuanced. Suppose first that all
singlehomers are informed about the prices on the other side of the market. Then, no disclosure
is an equilibrium for a large range of parameters; yet, full disclosure is an equilibrium if the
horizontal differentiation between the platform is very low and if multihomers exert stronger
cross-group external effects than singlehomers. Suppose second that all multihomers are in-
formed about the prices on the other side of the market. If multihomers exert sufficiently larger
cross-group external effects than singlehomers, then platforms find it optimal to inform a frac-
tion of the singlehomers, or even all of them (if multihomers exert even proportionately larger

external effects and platforms are not too differentiated); otherwise, no disclosure is again the
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equilibrium. If, instead, platforms could coordinate their disclosure decision, platform competi-
tion would always feature no disclosure.

In our analysis, we assumed that uninformed users hold passive beliefs. An alternative
is to consider wary beliefs—Hagiu and Halaburda (2014) show that their results qualitatively
carry over to this alternative belief formation. We leave it for future research to investigate the
robustness of our results with respect to these alternative beliefs.

While in many contexts some users do not have information on how much the platform
charges the other side, it may well be true that also some users have to make an adoption
decision before they learn the price they have to pay themselves. An intermediate case is
the situation in which consumers make a participation decision for multiple periods but only
know the current price. We note that there is a link between disclosure and commitment when
participation decisions are lumpy. The ability to commit to future prices is akin to disclosing
those prices. Future work may want to look at price disclosure decisions in such environments.

More generally, not only prices charged to the other side, but also some other platform
choices that affect participation of users on the other may be unknown. For instance, users of
video game platforms may well not know the extent to which platforms provide tools to game
developers. Our analysis can easily be extended to cover such non-price instruments. In this
sense, our model should be seen as a particular instance in which a platform affects expected
participation decision and, thus, expected quality, through disclosure decisions.

In previous work (Belleflamme and Peitz, 2019) we compared the two-sided singlehoming
model to the competitive bottlenecks under full disclosure and we endogenized the homing
decision. A natural extension is to combine our present setting with one in which also homing
decisions are affected by platform strategy (namely, the imposition of exclusivity). In light of
the rich results and sometimes tedious expressions obtained in isolation (either endogenizing

price information or endogenizing the homing decision), we leave this issue for further research.

5 Appendix
5.1 Proof of Lemma 1

The first-order conditions yield

2A + (7o +78) B = va + 7,006 + a7V, (1 = B) 2o + 7, (1 — @) 7y,
(Yo +7p8) A+ 2B = vp + 7,800 + 73, (1 — B) 2a + 7,78 (1 — @) zy,.

The Hessian matrix is computed as

2 a8
O‘B’Ya’)/b_l Oéﬁ’ya’Yb_l
Yo +BY 2

aBya =1 aBy,v,—1

It is a negative definite matrix for all admissible values of A and B provided that the following

two conditions are met:

{ rYaa’Ybﬁ < ]-a (9)

(2= (Yo +78)) (2 + (vga +718)) > 0.
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Under conditions (9), we have thus global maxima. Note that the first condition is automatically
satisfied if cross-group external effects are negative for one side (as this implies v,av,8 < 0). If
Ya,Vp > 0, then it is easy to show that the second condition is more stringent than the first.
Solving for A and B, one finds
A = ZnB0a0t78))vat(va2—7pB)vp 4 Ya(1=0) 2—76B(vaa+p8)) 26— (1=) 75 (720 —758)Ta
2=(vaat78)) 2+ (Ve t765)) (27(’7aa+7bﬁ))82+(7 a+7,0)

B = 22220e075) 06— (1027000 75(1=5)2=700(V004755))%a— l—a)vagvaa—wbﬁ)mb
2—(voat+7,8)) 2+ (v t+78)) (2= (vqat+7p8)) 2+ (v t+78))

Plugging these values into the expression for n, and n;, we get:

n. = 2vat(1aat7,8)ve+7,(1-B) (Ve a+7,0)a 27, (1=a)p
@ C=(1aat+78)) 2+ (Va0 t+7:8))

ny = 20t (a0t7B8)va 7, (1-0) (yg oty 8)2 427, (1-6)2a
b 2= (Va0 t+78)) 2+ (Faa+7,8))

We now impose fulfilled expectations: xz, = n, and x, = ny. Solving for n, and ny, we find

_ 200 + (Ya + 768) 0

¢ 4= (Ve +18) (1 +700)
2up + (7 + 7,@) Va

4= (Vo +18) (1 +7.0)

*

n, =

It seems logical to impose that n; increase with v;, which requires 4 > (v, + 7,8) (7, + 7,Q)-
The latter condition follows from the second conditions in (9) if (Y,e 4+ 7553)> > (Yo + 763) (75 + Vo),

which is equivalent to

—a(l=a)ve—B(1—B)7 — ¥ (1 —ap) > 0.

As this inequality may not satisfied (take, e.g., v,,7, > 0 and «, 5 < 1), we need Condition 1.
Furthermore, n; and nj have to be non-negative, which justifies Condition (2).
Finally, substituting n} and nj for z, and z; in the above expressions of A and B, we obtain

A* and B* as expressed in the lemma.
5.2 Proof of Proposition 1

The platform’s equilibrium profit is computed as

IT* (o, B) = (20a+(VaH76B) v ) (2= 7815 +7a ) Va+ (Vo =V6B8)v6)+ (206 + (V670 ) va) (2=Va 2(Va +768)) Ve + (Y —=Va ®)Va)
' (4=(1a+78) (1 +700)) '

Evaluated at (a, 8) = (1,1), we find

V2 + VE + Y4VaV + VpVatb
(2= =) 2+ +7)

" (1,1) =

where the denominator is positive given Condition 1. We now prove that IT* (1,1) > II* (e, §)
forall 0 < a < 1and 0 < < 1. The inequality IT* (1,1) > II* (o, #) is equivalent to

2
K <Ua> + Kg% + K3 > 0, where (10)
b

Up
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K (4= (Ya +78) (7 + Ya@))?
+ Vot 7% = 2) (Vo + 7 +2) (0 + @va) (Vp — @v4) = 287 (76 + @7,) +4),
Ky = (Yo+7) @ — (% +a7,) (va + B7))°

(4= (0 +3)%) (32 (Vo + 1) 0% + 747, (B+ 1) (14 + B) )
+ (4 —(Ya+ %)2) (87 (Ya + B78) = 43 — 47a) »

(4= (7 + 7a) (V0 + B7))
+ (Vo +7 = 2) (Vo + 7 +2) (Vo + B7) (Yo — BY) — 207, (Ve + Byp) +4)

K3

Because of Condition 1, we have that

K3—4K1 K3 = 7275 (1= @)” (1= 8)* (4 = (va + B78) (1 + 7)) (Ya + 76 — 2) (Ya + 75 +2) < 0.
It follows that the polynomial (10) has the sign of K3. Regrouping terms, we can write

K3 = Lia? 4 Lya + L3, where (11)

Ly

Yo (Vo + B1)%,

Ly = 29, (va+8%) (B — 7% =75 — Yan) »

L3 (4= (va + B))?

+((Ya +87%) (Ve = B1) +4) (Va + 7% —2) (Va + 76+ 2) -

Because of Condition 1, we have that

L3 —4L1Ls = 49273 (1= B)> (Y0 + B> (Va + % — 2) (e + 7 +2) < 0.
It follows that the polynomial (11) has the sign of L3. Regrouping terms, we can write

Ls = M1B2 + M> + M3, where (12)

My = 74— (E+27m)),
My = 275 (Ve —4),
Mz = 495 + 2775 + 2737 + Ya-

Because of Condition 1, we have that
M3 =AMy M3 = 4273 (Vo +78)” (Ya + 7 — 2) (Yo + 76 +2) <O
It follows that the polynomial (12) has the sign of M3. Regrouping terms, we can write
M3 = N1v? + Novy, + N3, where (13)
Ny =2 (2—1—72) Ny =293 N3 =~4

We compute N2 — 4N1 N3 = —4~2 (73 + 4) < 0. Hence, the polynomial (13) has the sign of
N3 = 4% which is positive. It follows that the previous polynomials are all positive as well,

which completes the proof.
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5.3 Proof of Lemma 2

We derive here the equilibrium at stage 2 of the game with two-sided singlehoming. Platform
1 chooses Ay and B; to maximize IIy = Aym, + Bimy, while platform 2 chooses As and Bs to
maximize [Ty = Ag (1 — mg) + Ba (1 — my), with

Fo— 71y (A1 — Az) — hy (B1 — Ba) Fy— 74 (B1 — Ba) — hy (A1 — Ag)

d —
3 (rary — hahy) anc e 2 (TaTs — hahy)

mg =

F, = 2ha< hb)ya+27b( h) (b_'Yb)ha_(’)/a_Ta>7-b7
Fy = 2hy (vq = ha) Yo + 270 (v — he) Yo + (Ta — 7o) b — (V6 — Tb) Tas

ha = 570 (@1 +a2), hy = 57, (B1 + By) -

The first-order conditions yield, respectively,

2TbA1 + (ha + hb) By = TbA2 + haB2 + F,

14
(hg + hp) A1 + 274 B1 = hpAg + 74 B2 + Fy. ( )

2TbA2 =+ (ha + hb) By = TbAl + hoB1 + (27'a7'b — Qhahb — Fa)

15
(ha + hb) A2 + 27,8y = thl + 7,81 + (QTaTb — Qhahb — Fb) ( )

The second-order conditions require: 47,7, > (hq + hy)?. Solving the system of equations
(14)-(15) gives values of A, A2, By and Bj such that

23TaFa — (2ha + hb) Fy, — (3Ta — 2h, — hb) (TaTb — hahb)

Al — Ay =
T 9707y — (2ha + hp) (ha + 2hs)

B - B B 237'be — (ha—l—th) F, — (37’b hq —th) (TaTb—hahb)
G 9747 — (2ha + ) (ha + 2h3)

Substituting these expressions into m, and m; and replacing F, and F} by their respective

values gives

m, — lz(ha+2hb)(7 _hb)ya“l‘GTb('Y —ha)yb+97aTb—2h2—3’7uTb+3Tbha—’ybha—Q’ybhb—4hahb

a— 2 ITaTp— (2h¢1+hb)(ha+2hb) )

1 2(2ha+hy) (Vo —ha)yp+67a (Ve —hp)Ya+9Ta Ty — Zhb 3TaYp+3Tahp—2v,ha—"v ho— 4hahb
my =35 97a7b—(2ha+hy) (hat2hy)

The next step consists in imposing fulfilled expectations, i.e., y, = mq and y, = my. Re-
placing and solving, one finds that the unique fixed point is m, = my = % Substituting
Yo = Mg = % and y, = my = % into the expressions of F, and F} allows us to compute the

equilibrium membership fees and profits as:
A=Ay =17, — % (B1+ B2) vy and By = By = 74 — (041 + @2) Yq,

I} =105 = § (10 + 75) — 5 ((a1 + @2) v, + (B1 + Ba2) 1) -

23



5.4 Proof of Lemma 3

In stage 3, users make their participation decisions according to (6), which simplifies to

_ G=mp(A1—Ag)—,Bi+7,B2
2Ta‘rb—7a(7b(51+ﬁ;2) !

_ G—7p(A1—A2) =7, B1+7, B2 _ _ B
my =7, b 27aTb—747(B1+82) + (1= 51)va Ty’

- G—1p(A1—A2)—,B1+7,B B
M = %Z <62 (1 o 2l;a7}b*727b351+152’; 2) + (1 - /62) (1 - y“)> o 7'71?

Mg,

where
G =TaTo =YV + VoV (2 = B1 — B2) Ya-

In stage 2, the four first-order conditions of profit maximization can be written as

21p A1 + (Vo + B1v) Bt — ThA2 — v, Ba = G

Ty (Yo + B17) A1 + 2 (27aTy — B2V V) Bt — B1To7pA2 — B1va Ve B2
=7 (B1G + (1 = B1) (27a7s — (B1 + B2) YaVb) Ya)

To A1 + 7o B1 — 215 A2 — (v, + Bav) B2 = G — (27476 — (81 + B2) VaVs)
Bame 1o A1 + BavaVsB1 — 7o (Va + Bave) A2 — 2 (2747 — B17as) B2
=7 (B2G — (1 = (1 = B3) Ya) (27aTs — (B1 + B2) YaWs)) -

As for the second-order conditions, it can be checked that they become more restrictive as
B, and B, increase. Setting 3; = 5 = 1, we have thus the following sufficient conditions: (i)
TaTb > Yo7Vp and (i) 747p > % ('yg + 72 + 6’Ya’Yb)- It is easily seen that the latter condition is
more stringent than the former.

Following the same procedure as in the proof of Lemma 4 (see below), we derive the equi-
librium membership fees, participations and profits (the intermediary results are tedious and

therefore omitted):

Yo (Vo — V) (B1 — Bo)

*
my = - — ,
¢ 2 2(12747p — (292 + (B1 + Bo) V2 + (24 381 + 3B2) YaWs))
my, = 271)(%4'%) Mg, Ny = 27_11(%4'%)(1—”@)7

A7aTy—B175—(B1+265) -
x _ 4TaTp—P17y 1 2)Ya Vb, * _ Yo=Y *
A} = “tmy, Bj 5 my,

2T

b
v _ Amame=B277 = (281+B82)Va s * ¥ _ Yb—Ya *
A2 - 27y (1 - ma) ) B2 -2 (1 - ma)7
«  _ 8TaTy—va+(1-281)77 —2(B1+2B82)7a b 1, %12
H]. — = 4Tb < (ma) )
 _ 8TaTe—YEH(1-282)vE—2(281+82)Va Vs *\2
H2 - 4Ty (1 B ma) :

Note that we have 0 < m} < 1 for all values of 3, and 3, provided that 7,7}, > % (Vi 4+ 72+ 4v.7),

which is condition (7).17

1"We check again that with 8, = 8, = 1, we recover the expressions of Belleflamme and Peitz (2010).
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5.5 Proof of Lemma 4

In stage 3, users make their participation decisions according to (6), which simplifies to

_ G—1p(A1—A2)—a17y,Bi1t+asy, B2

Ma 2TaTp =7, V(01 +02) ’

my = Yy G—7p(A1—A2)—a1v,Bitasy, B2 B
Th 2TaTh—YqVp (1 +a2) Th?

ny =2 (1— Gomp(A1—As)—a1y,Bitazy, B2\ _ By
Th 27aTy—Ya V(01 +02) Th

with
G =TaTh — 27,7+ VaTo (1 = a1) yp — 7476 (1 — a2) 2.

In stage 2, the four first-order conditions of profit maximization can be written as

275 A1 + (7 + @17,) B1 — TpA2 — a2y, B2 = G

b (7 + 17,) A1+ 2(TaTy — @27,7p) B1 — To7pA2 — 27,7, B2 = 7,G
ToA1 + a1v,B1 — 21pAs — (aav, +7p) Ba = G — 2747 + (a1 + @2) Vo 7s
TV A1 + 1Y 1 Br — T (1 + @27,) A2 — 2(27aTh — @1747s) B2

=7 (G =277y + (1 + a2) Ya7p) -

As for the second-order conditions, it can be checked that they become more restrictive as oy
and a9 increase. Setting a3 = ag = 1, we have thus the following sufficient conditions: (i)
TaTb > YoVp and (i) 7475 > % (’yz + 72+ 6’ya7b). It is easily seen that the latter condition is
more stringent than the former.

The solution to the above system of four equations is

(4Ta7b—712) — (a1 +2a2)'ya'yb) (4TaTb+2G—’)/g —a%fyg—2a1'ya'yb)

A = 27y (12107 — (292 + (02 +a3 )2 +4(a1+02)7,7 ) ) ’
B, — (=17, (47aTy+2G =72 —03v2 —2017,75 )
1 2(127a7b—(27%4—(@%+a%)7§+4(o¢1+a2)7a7b>) ’
A, — (4Tarb7'y§f(2a1+a2)'ya'yb)(87'117'1,72G7'ygfa%'yif2(o¢1+2a2)'ya'yb)
2 27'5(127'a7'b7(27§+(a%+a§)72+4(a1+a2)'ya'yb)) ’
By — (p—a27a) (8TaTy—2G—72 —a32 —2(a1+202) 7,7 )

2(127a7b—(27%—&—(a%+a%)'yg+4(a1+a2)'ya'yb))
We can now replace these values in the expressions for mg,, m; and n,. We also impose
fulfilled expectations: y, = mp and 2z, = nyp, so that G = 7,7 — @2V, + (1 — 1) yaTeme —

(1 — ag) v,Tpmp. Solving for mg, mp and ny, we find:

A | Yo (Yo — W) (@1 — a2)
m, = =+ 2 )
2 2(12747 — (27, (V0 + ) + (1 + a2) (72 + 37,7)))
* T + a7y * * T + a7y *

Note that we have 0 < m} < 1 for all values of av; and ap provided that 7,75 > % ('yg + fyg + 4’ya’yb).
It is readily checked that the latter condition is more stringent that the most restrictive of the
two second-order conditions. This explains why we need to impose condition (7)

We can now compute the equilibrium prices and profits:'®

w _ ATaTp—vp(vpt(@1+200)7,) ¥ _ Vb=V 0¥
Al = ( 27? | “)ma, B} = 5 MMy,

x _ ATaTe—7p(Vp+ (200 +a2)y * x __ Yp— 27 *
A = 5y “(1-my;), By = 5% (1-mj),

18We check that with oy = as = 1, we recover the expressions of Belleflamme and Peitz (2010): AT = A5 =
Ta =Y (3%a +75) / (470), Bf = Bs = (v, — 7o) /4, If =115 = (8747 — 67,7, — v —73) / (1675).
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87aTp— (V2 +a372+2(c1+202) 7,y 2
np = SenbEelEEe e i),
m = (STaTb—(7%-}—&%7%;2(2(11-&-042)%%)) (1- mZ)Z.

5.6 Proof of Proposition 4

Platforms simultaneously choose their value of «; in [0, 1]. To characterize the symmetric equi-

librium of this game, we evaluate OII} /0c; at a1 = g = . We obtain

il - 2 P(a),

80é7l al=as=a 16(6t—’y§—’ya’yb—a'yg—Sa’ya’yb)Tb
with

P (« Aoa® + Ba + C,
= 7. (Va+ 1) >0,
27, (7% — 6t — YW »

Vi (Vo + 37) + 4t (27, — 573) -

~—

Q @ =
Il

Condition (7) and our assumption that v, > 0 together imply that the derivative has the
same sign as P (a). Because P («) is a second-order polynomial, there are potentially three types
of symmetric equilibria: full disclosure (a* = 1), no disclosure (a* = 0), or partial disclosure

(0 < a* < 1). In the last case, the level of disclosure is given by the smaller root of P (),

6t + 707 — T3 — 24/98 — 2 (42 = T3 + 37,7) £+ 73 (T3 — 67,)
Ya (Yo + 77)

ap .
We examine first the conditions for these three types of equilibria to emerge as the unique
equilibrium of the game. We consider next the configurations of parameters for which two
candidate equilibria coexist.

We first note that P (o) has two real roots provided that B% —4AC > 0, which is equivalent

to
1672 (9¢% + 2 (797 — 37,7, — V2) t + 75 (77, — 674)) > 0.

Our assumption that ¢ > t,;, implies that this expression is larger than

4
573 (57 — Vo) (V3 + 2373 + 157,73 + 9727 -

So, v, < 57y is a sufficient condition for P («) to have two real roots. If v, > 5v;, then ¢ must

be large enough, namely

1
t> 5 (3%% +72 = T8+ (ha — 1) (o + ) (2 + 275)) =13,

with t3 > tyin. We can therefore conclude that P («) has no real root for v, > 5y, and ¢ < t3.
In that case P («) has the same sign as C = v (v, + 37;) + 4t (27, — 573), which is positive
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here as v, > 57,. As P(a) > 0 for all a € [0, 1], full disclosure is then the unique symmetric
equilibrium of the game.
Suppose now that ¢ > t3 (which is implied by ¢ > tmin for v, < 57,). Given that A > 0, the

two roots are then such that

~B-VB*—4AC _ . B+ VB’ 4AC

2A 2A

It is also easily shown that P(a) > 0 for @ < «p and for @ > a™, while P(a) < 0 for

Qp

ap < a < af. Hence, if a symmetric equilibrium with partial disclosure exists, it is such that
both platforms choose a,. Existence requires that 0 < a;, < 1. To have a;, > 0, we need B < 0
and C' > 0; it can be shown that for ¢ > tyin, C' > 0 implies that B < 0. For v, < 107, (which
we assume here), we need A + C' < —B to have a;, < 1. Developing the latter two conditions,

we can state that partial disclosure (with o = o) is the unique symmetric equilibrium if

t >

Y2 (Yat37) _ "

Y+ 577 + 1590 +3% _, { cither 2v, > 5,
=15
4(57,=274) —

4 (Ya +57) or 27, < 5y, and t <

Finally, no disclosure is the unique symmetric equilibrium if P () < 0 for all o € [0, 1]. This
is so provided that C' < 0 and o™ > 1. From the previous case, we know that C < 0 requires
27, < 57, and t < t4. It can be shown that if C' > 0, t > t5 is a sufficient condition for a™ > 1.
We note that t5 > tmin for v, > 7. We can thus conclude that no disclosure is the unique
symmetric equilibrium if ¢ > max {tmin, t4, t5}.

Combining the previous results, we can identify two regions of parameters where two candi-
date equilibria coexist. First, for max {tmin, t4} < t < t5 (which implies 27, < 57;), we have both
P (0) < 0 and P (1) > 0, showing that both full and no disclosure are equilibrium candidates.
Second, for max {tmin, t3} < t < min {t4, %5}, both & = v, and o = 1 are equilibrium candidates,
as 0 < ap <1land P(1)>0.

5.7 Proof of Remark 1

We compare stage-2 equilibrium profits at the boundary where ¢ = t,;,. The platforms’ profits

are given by

(492493 —30372+167,7,— 6017, 75— 12027, 73) (Va+37p =201 7, —27, —273)°
1273 (2—a1—az2)*(1,+37)° ’

(49249230372 +167,7,— 12017, 75— 6027475 ) (Vo +375 — 017, —a17,—2027;)”
1275 (2—a1 —a2)? (Y4 +375 ) )

HT (061, Q] tmin) =

H; (Oél, Qg3 tmin) =

Consider first parameters such that v, < v, < 2.2373~;; here, o, < 0, P(0) <0, P (1) > 0,

so that both o = 0 and a* = 1 could be an equilibrium. We compute

57341027, v2+45v2y,—8v2
HI (07 07 tmin) - HT (17 07 tmin) = % e 48217?71)&_’_3;])’2% - > 07
2 o2
HT (07 17 tmin) — HT (1, 1, tmin) = va’ybm > 0

The first line suggests that vy = 0 is not only a local maximizer but also a best-response to

as = 0, while the second line establishes that oy = 1 is not a best-response to as = 1.
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Consider next parameters such that 2.2373vy, < v, < 57v,; here, 0 < o, < 1, P(0) > 0,

and P (1) > 0, so that both a* = ¢, and o* = 1 could be an equilibrium. We find that
IT} (ap, 15 tmin) — II5 (1, 1; tmin) is equal to

o V2974 +907272 +2487, 73 +16v3 v+ (272 +277 12747 ) \/ 3(57p—7a) (V3 +2373+157,72+9727, )
Tb 37 (Va+375)° (Ya+775)°

> 0,

which implies that a; = 1 is not a best-response to ag = 1.
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