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Introduction

This paper studies a monopoly platform’s joint pricing and investment
decisions in the canonical two-sided market model of Armstrong (2006).

The monopoly platform charges agents on both sides, and invests to
increase their surplus.

We consider two kinds of investment:
» enhances the participants’ network effects
+ increases the users’ stand-alone benefits

We ask:

+ Do platforms have sufficient incentives to invest on each side of the
market?

« How is investment effort allocated across the different sides?

+ App platform model application: we map our framework to an
app-platform setting where users acquire a device and developers pay ad
valorem commissions, and study commission caps. VU%{J
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Examples

Beyond setting access or usage fees, platforms invest massively in features
and infrastructure that shift both participation incentives and the value of
interactions.

These investments may be targeted at:
+ Buyer-side:
o Search engine quality, recommendation algorithms, privacy,
cybersecurity, etc.
« Seller-side:

o Developer tools, data analytics, logistics, robotics, fulfillment services,
cybersecurity, loans, etc. VU s
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Literature

Two-sided pricing and participation distortions: Armstrong (2006), Weyl
(2010), Tan and Wright (2018),Tan and Wright (2021).

« Tan and Wright (2021): look at representative FOC and conclude that price
distortion on a given side can be both positive and negative.

This paper: Tan and Wright (2021) focuses on a single FOC, thereby missing
the joint restrictions that arise from solving the system of FOCs
simultaneously in two-dimensional space.

Platform investment and design: Lianos and Motchenkova (2013), Anderson,
Parker, and Tan (2014), Casadesus-Masanell and Llanes (2015), Angelini, Castellani,
and Zirulia (2024).

+ Most work focuses on restricted environments, either pricing or investment.
This paper: joint pricing and investment in the Armstrong framework.
- Distinguish investment in interaction vs stand-alone benefits.

VRUE
5 universTET
AMSTERDAM



Key Findings

Pricing and participation compare as follows:

« The platform may either set participation fees that are too high on both
sides compared to the social optimum, or too low on one side and too high
on the other.

It never sets participation fees that are too low on both sides.

« Even if one side faces a price that is too low, both sides experience
under-participation.

If investment enhances network effects:
« It always under-invests on both sides (even if one side is priced too low).

If investment increases standalone benefits:

« It may under-invest on both sides, or under-invest on one side and
over-invest on the other, but never over-invest on both.
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App-platform application.

The commission is definitely excessive, while the device price may be too
high or too low.

Investment behaves like in the main model.

Commission caps may be counter-productive and reduce users and
developers surplus.

can also negatively affect investment incentives.
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Agents
We study pricing, participation and investment in an extension of Armstrong
(2006)’s model.
Two sides: buyers (B) and sellers (S).
Number of participants: Ng and Ns.

The utility of an agent who joins the platform:

‘uB =vg + 0g(es)Ns — ps, ‘ ‘ us = Vs + 0s(es)Ng — ps. ‘

- Participation prices: pg and ps.
« Network externalities/benefits:
o Og(eg) > 0andfs(es) > 0: functions of platform investments eg and es.
o 0/(.)>0,0'()<0
« Standalone values: vg > 0 and vs > 0, benefits without interactions.
o Later, they can be functions of investment.
VU S
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Agents (cont.)

Heterogeneous outside options:

- Eachagenti € {B,S} has an outside option o;, drawn from a continuously
increasing CDF G (+), with PDF gi(-) and support [o;, 0i].

An agent joins the platform if the outside option < utility of joining:
Ng = Pr[uB > 55] = GB(UB), Ng = PF[US > 63] = Gs(Us)

Following Armstrong (2006), the prices that implement participation levels
(Ng, Ng) are:

ps = Ve + 0s(e5)Ns — p5(Ns), pPs = Vs +0s(es)Ns — ps(Ns) (M
with ¢i(N;) = G (N;) = u; is inverse of outside option CDF

Marginal costs: cg(< vg) and cs(< vs)
Transaction costs: s < 6g(eg) + Os(es)

Investment costs: opportunity cost of funding C(es +es), C',C" > §/ e e
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Timing of the Game

+ Stage 1: The platform (or planner) chooses prices and investments.

+ Stage 2: Agents play a coordination game, deciding whether to join the
platform or not.
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Monopoly Platform vs. Social Planner problems

We formulate the monopoly and planner problems in participation space.

Monopoly Platform profit function:

I1°(Ng, Ns,es,es) = Ng(ps(-) —cg) + Ns(ps(-) —cs) — sNgNg — C(eg + es) ‘ ()

where

ps = ve + 0s(es)Ns — ps(Ne), ps = vs + Os(es)Ne — @s(Ns)
and (p,'(N,') = G-ﬁl(/\/,‘) =u,i= {N,S}

I
Social welfare function:
The surplus of side i of the market is given by:

V/() = NIU/ +/ Zg: / G

uj

/5[ Gi(z)dz, (3)

w(Ni)

| SW(Na, Ns, e5,e5) = I’ (Ne, Ns, e5, es) + Vs (Ns) + Vs(Ns) | U&)
B Austerom
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Participation and pricing distortions



Participation and pricing distortions

This part takes eg, es as given.

Proposition 1:

Compared to the social optimum:
(i) Both the buyer and seller sides of the market exhibit under-
participation.
(i) The participation prices that sustain such a configuration are ei-
ther too high on both sides, or too high on one side and too low on
the other.

(iii) Furthermore, both prices are excessive if6; > s,i € {B,S}; and for
the price on side i to be insufficient, it must be the case that §; < s.

Tan and Wright (2021) compare the representative FOCs across two
optimization problems (+/—/0).

We instead analyze the system of FOCs and based on whether decisions are
complements or substitutes and the sign of the gradient we draw
conclusions = exclude too low prices on both sides. VU‘!‘f
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Under-participation in the (Ng, Ng)-space

Participation rates are complements and gradient positive.

Figure: Private and socially optimal numbers of participants

Intuition: Agents’ surplus is increasing in the size of the participating group
= the planner values extra participation more than the monopolist
= gradient of the social planner problem evaluated at the monopoly i ggf

= This combined with participation rates being complements imply the result™™"".



Pricing distortions when prices are complements

s small = interactions are very valuable for P. So if one side becomes more
active because its price decreases, P also wants to decrease the price on
the other side to allow for more interactions.
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Pricing distortions when prices are substitutes

s large = an additional interaction adds less value to one side than the cost.
Then if one side becomes more active because its price decreases, P wants
to increase the price on the other side to limit the amount of interactions.

1

Region LA~
Region I\ -
{ 035{

© Rmégionl | Region Ill *,

0.10 . °
R;@‘ion U
005
. o5 o 1o %% 0b5 o010 ois o.zu’/ P R TR E T Y
Ps Ng
(a) Iso-welfare curves, (pg, ps)-space (b) Iso-welfare curves, (Ng, Ng)-space
VRIE
Figure: Too low price on side B (pf < p) VU g»t’ ASTERDA

15/33



Implications

- Setting the price insufficiently low on one side still harms agents on that
side, since the number of participants on the other side remains
insufficient.

When the outside options o; ~ U[0, 1], we derived the conditions under
which the different pricing outcomes arise (see more in WP).

They depend on the strength of network effects, s — s < 0, and the
asymmetry in net standalone values between two sides, R = 2:2@ is
large.

Intuition: When transactions are costly, the platform favors one side (the one
with the higher net standalone value). It earns more by raising prices on that
side (B) and softens the demand loss by cutting prices on the other side (S).
= Asymmetric distortion.
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Investment inefficiency



Investment distortions

Proposition 2: Investment in network effects

The private equilibrium exhibits underinvestment in network benefits
on both sides, i.e., e5 < eg and e§ < eg.

Proposition 3: Investment in stand-alone benefits

The private investment equilibrium exhibits:
« either underinvestment on both sides of the market

« orunderinvestment on one side of the market, and overinvestment
on the other side.
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Difference between the types of investments

The marginal benefits of investment scale differently across the types:

+ Investments in network effects: on both sides, the marginal benefit is
proportional to the interaction volume NsN5.

o Important property of our model: the private and social optimum are
both located on the same increasing locus (Lemma 2).

 Investments in standalone benefits: the marginal benefit on either side is
proportional to participation on that side N;.
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Difference between the types of investments (network benefits)

We have eg and eg are substitutes.
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Figure: Private and socially optimal investment levels

Recall that the planner prefers more interaction than the platform, then its
marginal benefit of investments on both sides is also higher = VU k we
platform under-invests on both sides )
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Difference between the types of investments (stand-alone benefits)
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Figure: Private and socially optimal investment levels
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Intuition on the asymmetric distortions

When transactions are costly, the platform favors one side (the one with the
higher net standalone value). It earns more by raising prices on that side and
softens the demand loss by either:

(a) cutting prices on the other side;
(b) investing in the stand-alone values on the other side;
(c) investing in the stand-alone values on the preferred side.

When network externalities are small, the feedback from the other side is
weak = Choose (c).

= Asymmetric distortion.
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Application: An app platform model



App marketplaces

+ App stores (e.g. Apple Store, Google Play) mediate interactions between
users (B) and developers (S).

- The canonical pricing architecture is:

o users acquire a device to gain access, at a device price pg, and pay an
in-app price p for any interaction

ug =Vvp + es(p) Ng — PB.

o developers pay an ad valorem commission T on app sales, or in-app
purchase revenue,

Us :V5+(1*T) es(p) Ng.
N~
per-user payoff
« Therefore, platform payoff (in participation space) equals baseline profit
with developer-side revenue 7 6s(p) Ng per participating developer:

I, (Ns, Ns) = Na(ps(-) — cs) + Ns(76s(p) N — cs) — sNaNs. (5)W
VU i
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Timing and in-app pricing

+ t = 1: platform chooses (ps, 7) and (when relevant) investment.

« t = 2: users and developers decide whether to join; equilibrium
participation (Ng, Ns).

« t = 3: conditional on participation, each developer sets the in-app price p.

We get:

o Att = 3, each developer optimally sets the monopoly in-app price
p=rp".

o The commission rate is too high; the device price ps may be too low or
too high; under-participation on both sides.

o Investments in the stand-alone values vi(e;): inefficiently low on at
least one side.

o Investments that promote in-app purchase demand 6;(e): inefficiently
low.

« Examples: improving payment processing or reducing transaction
frictions.
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A cap on commissions

For any given in-app purchase investment ¢, suppose regulation imposes a
commission cap 7 so that platform’s choice:

T<TF(<TY). (6)

Assumeo; ~ U[0,1] fori € {B, S}, main findings are:

« Any binding cap increases developers’ surplus.

« Any binding cap increases total users’ and developers’ surplus.

+ There exists a threshold

0s(p™) — O8(p") +s
20s(p™)

sothatacap s < 7 < 7" increases users’ surplus. = stricter caps may
be counter-productive / reduce user’s surplus.

(s0),

B =

VRUE
5 universTET
AW AMSTERDAM

26/33



Commission caps without endogenous investment

In the absence of in-app investments, binding caps always increase
developers’ surplus.

0.0 0.1 0.2 03 0.4 05 0.6 0.7 0.0 0.1 0.2 0.3 04 05 0.6
T
(a) Non-monotonic effect on buyer (b) Cap increases buyer and seller
participation participation

Figure: Commission caps and buyer and seller participation
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Commission caps with endogenous investment

In the presence of in-app investments, binding caps may decrease
developers’ surplus at the low-end tail. This is because the investments
decreases.
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Figure: Commission caps with endogenous investment (1)
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Concluding remarks

A monopoly platform may either set prices that are too high on both sides,
or too low on one side and too high on the other.

« It never sets prices that are too low on both sides.

No matter the prices, so even if one side faces too low a price, there is
always under-participation on both sides.

Platform and planner incentives to invest in network effects scale with the
number of transactions:

+ Hence, platform always under-invests on both sides.

Investment incentives in standalone values scale with own-side
participation:

+ Platform may under-invest on both sides, or under-invest on one side and
over-invest on the other, but never over-invests on both.
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In the app-platform application (users pay pgs, developers pay an ad valorem
commission 7):

« The commission is excessive, while the user-side access/device price may
be either too high or too low (rebalancing).

With a binding commission cap 7 < 7:
« The capis equivalent to a restriction in participation space.

« Commission caps may destroy users’ surplus due to the platform
rebalancing device price.

- We obtain an explicit condition for when a locally binding cap increases
buyer participation (in addition to developer participation).

o Condition always holds under uniformly distributed outside options.
+ Under uniform, sufficiently stringent regulation destroys users surplus.
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