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Abstract

Chapter 1: The owners of large online platforms, like Airbnb or Amazon Marketplace,
are able to affect the probability that a given buyer observes a given seller on their plat-
form. Buyers and sellers therefore interact on a bipartite graph with links between them
weighted by the probability of observation. Platform owners are then able to design
the network by choosing the observation probabilities. A seller’s price is decreasing in
their Bonacich centrality. In order to maximise profits, the platform owner connects an
entrant to buyers according to a measure of their own centrality in the graph. While a
network where buyers observe and trade with all sellers with probability one maximises
consumer surplus, such a network does not necessarily maximise the platform’s profit.
The platform owner faces a trade-off between increasing observability and reducing
competition, which explains why buyers tend not to be able to observe all sellers on
online platforms. If sellers are identical, increasing seller prominence for any consumer
segment increases competition, and profit is maximised when it is randomised across

all sellers.

Chapter 2: Product ratings and reviews are commonplace on large online platforms,
like Airbnb and Amazon Marketplace. One use for these ratings is to order search
results. Platform owners are able to choose the extent to which ratings can be used
to determine the probability a given seller is observed. Since demand is higher for
high-quality products, there is an incentive to increase the probability that highly rated
sellers are observed by biasing search results towards them. Biasing search results in this
way results in competition being more concentrated, reducing prices. In markets where

demand is sensitive to quality, a search process that is biased towards highly rated sellers



is more profitable than an environment where matches are random. However, when the
variance in idiosyncratic preference is relatively large, the loss in profits associated
with missing beneficial matches renders a random match environment more profitable.
Whether it is profitable to use ratings as a means of ordering search results therefore

depends on the properties of the market(s) in which the platform operates.

Chapter 3: Politicians serve two masters: voters and their own party leadership,
and allocate effort between tasks that benefit one or the other of these principals.
Depending on the extent to which they value the incentives offered by the party leader,
a politician may choose to build a reputation either as an effective legislator, increasing
their probability of receiving those incentives, or as a representative of the people,
increasing their probability of re-election. This framework allows us to analyse the
party leader’s incentives in the case where they lack commitment power: the legislative
benefit affect the probability that politicians are re-elected, and the party leader cannot
to take this into account when they are unable to contract with the legislator ex-ante.
The party leader therefore suffers from a lack of ability to commit. They may also
face second-mover disadvantage because they can only reward the politicians who are
re-elected, implying that the effectiveness of their incentive is reducing as the first-best

level of legislative effort becomes large.



Introduction

We examine two disparate environments across three chapters. The first two chapters
analyse competition and platform design in networked markets hosted on a platform.
The third chapter characterises the incentives of a politician whose time allocation
is distorted by two principals: a representative voter and their party leader in the
legislature.

The two set-ups are both complex in the sense that one decision maker is constrained
in some way in designing an environment that incentivises another decision maker (or
decision makers) to maximise the payoff of the designer. In maximising aggregate
profits, the platform owner in the first two chapters must account for the strategic
interaction between a large number of sellers, and is constrained in the ability to affect
which sellers interact with one another. For example, we examine cases where the
platform owner is only able to affect the probability that certain types of sellers are
observed, or can only choose the probability that an entrant is observed, holding other
observation probabilities fixed.

In Chapter 3, the fact that the party leader can only reward politicians that are re-
elected means that the leader faces incentives that are non-standard compared to much
of the traditional literature on moral hazard. By incentivising a politician to allocate

effort towards legislative tasks, the party leader is more likely to be able to achieve



their short-term goals, but makes the politician’s re-election less likely. Furthermore,
the fact that the party leader moves second influences the effectiveness of the party
leader’s action: while spending a large amount of effort on legislative tasks may impress
the party, doing so makes it less likely that the politician is re-elected, and hence they
cannot receive any reward the party leader offers them.

Chapter 1 considers the case where the owner of a large, online platform is able to
affect the probability that groups of consumers who are tied by some characteristic, like
age or geographic location, observe horizontally differentiated sellers. Sellers compete
with one another by setting a single price, which is chosen prior to knowing which
buyers observe them.

The interactions between buyers and seller are captured by a bipartite graph with
edges weighted according to the observation probabilities of the buyers. Using this
framework, we characterise the equilibrium price vector and find that, under certain
conditions, a seller’s price is decreasing in their Bonacich centrality a seller-only graph
which captures the competitive overlap between sellers. Sellers who are more central in
this graph face more direct and/or indirect competition than other sellers, and therefore
set a lower price.

Having characterised the price vector, we consider the owner’s platform design in-
centives. Suppose a new seller enters the market - which consumer segments should
observe them, and with what probability? Assuming the platform owner receives a
proportion of the profits from each seller, segments who observe fewer sellers in ex-
pectation and are less central in the bipartite graph should observe the entrant with a
higher probability than segments who have larger values on both of these metrics. If a
consumer segment ¢ observes few sellers in expectation and has low centrality, then ¢

observing the entrant has a relatively small effect on competition and therefore prices



across the network.

We show that while the optimal network in terms of consumer surplus is one in
which every seller observes every buyer with probability 1, the platform owner has
an incentive to reduce observation probabilities in order to reduce competition. This
incentive is consistent with empirical work which suggests that buyers only observe a
relatively small fraction of products available in any given market on large platforms
like Amazon.

Our analysis also indicates that making a seller prominent imposes a cost on the
owner. Assuming each seller is observed with some baseline probability, then making
a seller more likely to be prominent increases the expected centrality of every seller in
the network, reducing prices. Assuming sellers are of equal quality, we show that under
certain conditions the platform owner maximises profits by setting the probability of
prominence the same for each seller, as this minimises the effect on prices.

When sellers have different levels of quality, the platform owner has an incentive
to ensure that high quality sellers are observed with a higher probability, but faces a
trade-off in doing so in terms of more concentrated competition. Chapter 2 examines
this trade-off by considering the case where part of the demand function of consumer
segments is stochastic. The platform owner does not observe consumer demand directly
but is able to use ratings to bias search such that buyers are more likely to observe high
quality sellers.

The owner has an incentive to bias search towards highly-rated sellers, since doing so
increases demand. However, it also induces more concentrated competition, as highly-
rated sellers are more likely to be in competition with one another. This reduces prices,
which in turn reduces profit. We find that this effect is more pronounced in cases where

goods are relatively substituable.



If a consumer segment values quality more than other segments, then the platform
owner has an incentive to bias their observation function towards highly-rated sellers
more than less quality conscious buyers. In order to reduce the level of concentrated
competition imposed by this bias, the probability that less quality conscious buyers
observe high quality products is reduced.

We also compare the profits associated with an environment where sellers and buyers
are randomly matched and a “ratings-based” environment in which the bias towards high
quality products is fixed. As the extent to which consumers value quality increases,
the difference in profits between the ratings-based and random matching environments
increases. The cost associated with more concentrated competition becomes relatively
less important as the cost of missing high quality matches increases.

Under certain conditions, biasing observation towards high quality sellers reduces
the expected number of sellers that a given consumer segment observes compared with
the random match environment. This implies that a consumer segment is more likely
not to observe a product that is idiosyncratically valued highly by that segment in the
ratings-based environment. As the variance of the idiosyncratic element of demand
increases therefore, the random match environment becomes relatively more profitable.

Our analysis therefore suggests that the nature of the market or markets that the
platform hosts is crucial for determining the extent to which ratings are used to rank
products. In markets where buyers quality is a large driver in consumer demand, such as
the hotel industry, ratings-based search increases profits. However, in markets driven
largely by idiosyncratic demand, such as arts and crafts, random matching may be
preferred.

Chapter 3 examines the effort allocation incentives of politicians in the United States

Congress. While many politicians frontload their effort levels in their constituency, we



note that the empirical literature also indicates that a number of politicians actually
spend more time in the legislature early in their career rather than later. We explain
this discrepancy with a model in which the politician is incentivised by both voters
(as is usual in models of political reputation) and party leadership in Congress (which
tends not to be).

Politicians are assumed to be of two types that innately value legislative and con-
stituency effort differently. Politicians allocate their effort across legislative and con-
stituency tasks according to their preferences and the incentives offered by the two
principals. The representative voter and the party leader observe the politician’s action
imperfectly, and provide rewards to the politician according to a binary signal they
receive that is related to the politician’s effort on legislative and constituency tasks.

Voters reward politicians who generate a high signal by re-electing them, and the
party leader provides legislative rewards in accordance with their belief about the politi-
cian’s type. Politicians who value legislative rewards (e.g. positions on congressional
committees) sufficiently have the incentive to frontload their legislative effort so that
the party leader believes that they value legislative tasks, and are therefore provided
with legislative rewards.

The fact that the party leader can only reward the politician if the politician is
re-elected implies that the party leader is worse off if they lack commitment power.
When the direct reward to being re-elected is relatively low, the legislative incentives
offered by the party actually serves as an incentive to increase the effort the politician
puts into constituency tasks. The legislative incentives in this case serve as indirect
reward to being re-elected, and the party leader would in some cases be better off not
offering legislative rewards at all than the amount they offer in equilibrium.

Furthermore, if the party leader lacks commitment power then they are unable



to take into account the fact that the level of incentive they offer affects both the
probability that a politician is re-elected and the type of politician who is re-elected.
The fact that the party leader moves second implies that the marginal effect of their
incentive on effort allocation is larger for politicians who innately value constituency
effort more highly.

Our analysis also shows that the party leader may suffer from second-mover disad-
vantage: under certain conditions, the party leader’s ability to affect the politician’s
optimal effort allocation is larger than if they were able to reward the politician regard-

less of whether they are re-elected.



Chapter 1

Price Competition and Platform

Design in Two-Sided Networks

1.1 Introduction

Many economic interactions occur in settings where sellers are only able to sell to a
subset of buyers. This stratification might occur, for example, because: sellers are
unable to supply some consumers due to geographic constraints or due to consumer
preferences (see, for example, Spiegler, 2006); consumers might be uncertain which
firms are active in a market, as in Janssen and Rasmusen (2002); or the owner of a
platform may deliberately not show all the products available. In such settings, a seller
potentially faces different levels of competition for each individual consumer that they
can supply - some buyers could be supplied by a large number of sellers, while others
may only be able to buy goods from a single seller.

Online platform owners appear to choose to design search such that buyers only

observe a subset of sellers. Ringel and Skiera (2016) find that 99.9% of potential buyers



of LED TV sets only observe sixteen of a possible 1,124 products on a (German price
comparison website. Similarly, Kim, Albuquerque and Bronnenberg (2010) examine
the camcorder market on Amazon and find that the median search set for consumers of
these products was eleven out of a total of more than ninety camcorders available on the
platform. Furthermore, which products consumers are able to observe via Amazon’s
search function differs depending on the search terms used, suggesting that platform
design directly influences the number and nature of the sellers observed by buyers on a
platform.

We model the online platform environment as a network that connects sellers with
the buyers who could potentially demand goods from them. In general, the literature
that models buyer-seller interactions in a network setting has focused on cases where
buyers bargain with sellers they are connected to (see, e.g., Kranton and Minehart,
2001, Corominas-Bosch, 2004 and Polanski, 2007 ) over a single, indivisible good. This
approach seems particularly relevant in relatively “thin” markets, populated by a small
amount of buyers and sellers, and where the goods being sold are discrete. In thin net-
works with discrete goods, individual buyers and sellers can make bilateral agreements
with one another easily.

However, many real-world cases of networks connecting buyers and sellers are not
thin markets. For example, online platforms, such as Amazon and Airbnb have a very
large number of users, with sellers interacting with a large number of buyers at any one
time. This would make bilateral bargaining between users difficult, and in general prices
on these platforms are not bilaterally negotiated or set by the owner of the platform
itself. A natural assumption in a thick market is that sellers choose a single price which
is the same for each potential buyer.

We characterise the equilibrium price setting behaviour of sellers competing for



consumer segments (i.e. groups of consumers who share some characteristic like age or
location) in a potentially large-scale stochastic network. The network is stochastic in
the sense that we assume that there is a probability of a given buyer observing a given
seller and that the actual network is only realised after price setting has taken place.

We find that a seller’s price is linked to their Bonacich centrality in a network
connecting sellers and consumer segments who observe them with some probability.
This result is consistent with the literature on strategic interaction in networks (e.g.
Ballester, Calvo-Armengol and Zenou, 2006), as well as more recent work applying price
or quantity competition to network environment (see, for example, Elliott and Galleotti,
2019). When sellers are symmetric in terms of the substitutability of their goods and
their own-price elasticity, we find that a seller’s price is falling in their centrality.

The equilibrium pricing behaviour of sellers implies that the platform owner faces a
trade-off when increasing the probability that sellers are observed by buyers: increasing
the probability of observation increases the likelihood of sales, but at the same time
it increases the level of competition between sellers on the network. This latter effect
reduces seller prices, which in turn reduces the aggregate profits.

The same trade-offs are also present in the case where the platform owner chooses
the probability that consumers observe an entrant. The platform owner has an incentive
to make it more likely that the entrant is observed by consumer segments that are: (a)
relatively uncontested in expectation (i.e. their probability of observing a given number
of sellers is relatively low) and (b) are relatively uninfluential on seller prices. Hence,
entrants should be more likely to be observed by buyers who are less likely to observe
sellers on aggregate and/or observe sellers who experience relatively little competition
across the whole network.

We also find that products being more likely to be prominent than others imposes



a cost on the platform owner. If a product is likely to be prominent but buyers are still
likely to observe at least some products, then the sellers of those products are placed
in more concentrated competition with the prominent seller, and, indirectly with one
another. Prominence therefore reduces the price of those sellers in direct competition
with the prominent seller, which drives a fall in prices, which then produces a feedback
effect: sellers in competition with sellers with lower prices must decrease their price
in order to compete effectively, as prices are strategic complements (see, for example,
Bulow, Geanakoplos, and Klemperer, 1985) .

The feedback effect implied by the equilibrium pricing behaviour implies that making
a seller more likely to be prominent (i.e. more likely to be observed by any given
consumer segment) results in lower expected prices than the case where sellers are
equally likely to be prominent. When products have the same quality, the platform
owner maximises their profit by completely randomising which seller is prominent for
each consumer segment.

If products differ in quality, then the platform owner has an incentive to make higher
quality products more prominent, as this will increase sales. However, doing so again
concentrates expected competition between the more prominent sellers and the other
sellers in the network. Hence the platform owner generally faces a trade-off between
concentrated competition on the one hand, and increasing the sales of high-quality
products on the other.

Our analysis more generally indicates that monopoly platforms have an incentive to
lower competition on the platform by changing its structure. Given that the optimal
structure from a consumer surplus perspective is one in which each buyer observes each
seller with a probability of one, the fact that platforms may choose to only allow con-

sumers to observe a fraction of the total number of goods on offer is harmful to welfare.
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This suggests that competition authorities may wish to examine intra-platform com-
petition, in addition to inter-platform competition. Regulating the internal structure
of the networks that underpin large online platforms may reduce the extent to which

consumers are harmed by the formation of monopolistic platforms.

1.2 Literature review

In terms of equilibrium characterisation, our finding that a seller’s price in equilibrium
is decreasing in their Bonacich centrality in a seller-only network is consistent with
Ballester, Calvo-Armengol and Zenou (2006), which finds that if direct effects are
sufficiently small, the equilibrium action of each player in a network is proportional
to their Bonacich centrality in a network. The price setting behaviour of sellers are
strategic complements in this setting, which might suggest, as in Bramoullé, Kranton
and D’Amours (2014), that the more central a seller in the network, the higher their
price.

However, the model here does not conform to that result due to the fact that the
underlying relationship between buyers and sellers is determined by the preferences of
buyers, which are pinned down by a quadratic utility function. As the number of options
a buyer considers increases, their demand for a given seller’s good at any non-zero price
decreases. This “competition effect” outweighs the strategic complementarity effect
found in Bramoull¢, Kranton and D’Amours (2014), and hence a seller’s equilibrium
price is decreasing in their Bonacich centrality.

The link we find between pricing and centrality is consistent with earlier work in

industrial organisation, which examines the role “captive” buyers have on optimal pric-
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ing. Ireland (1993) and McAfee (1994) consider a framework in which sellers of a
homogeneous good compete for consumers and have “independent reach” - a buyers
observe each firm with some firm-specific probability, and the fact that a consumer
observes one firm does not affect the probability that the consumer observes another
firm. The unique mixed equilibrium of this game is one in which the lowest price within
each seller’s strategy set is the same, but the strategy set of the seller with the largest
proportion of captive consumers contains the highest maximum price. De Francesco
and Salvadori (2013) and Armstrong and Vickers (2019) extend this analysis to cases
where firms have different capacities and only the largest firm has captive customers
respectively.

The relationship between the price of competing sellers in a network and their
Bonacich centrality in that network found here is consistent with other studies which
examine pricing in networks. For example, Candogan, Bimpikis and Ozdaglar (2012)
and Chen, Zenou and Zhou (2018) analyse monopolistic pricing in cases where there
are networked consumers.

Cominetti, Correa and Stier-Moses (2009) and Chawla and Roughgarden (2009)
compare the efficiency of competitive equilibria of a game involving Bertrand compe-
tition between firms who act as intermediaries who control the flow of some good (for
example) by controlling the edges of a network compared with the optimally efficient
network flow. Similarly, Melo (2017) employs a discrete choice framework to show that
a node’s Bonacich centrality determines the shape of its market demand.

Recently, a literature on competition networks has developed. Bimpikis, Ehsani
and Tlkili¢ (2018) examines networked quantity competition. Firms potentially compete
for multiple markets, and each firm has a non-separable cost function, such that the

quantity produced in one market affects the marginal cost of production in another.
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In this setting, it can be shown that quantities in that model are proportional to their
Bonacich centrality with a negative decay factor, which captures the idea that the more
competitors a firm is connected to via a market, the lower their profit.!

Elliott and Galeotti (2019) show that in a Hotelling-type model in which sellers
compete on price and are differentiated by location, a seller j’s price is determined
not only by the sellers with whom directly j competes, but also those sellers in other
markets that compete with j’s competitors. This result is a corollary of our more
general characterisation of the price equilibrium of the sellers on the platform.

The way in which a platform can influence equilibrium prices and profits by choosing
observation probabilities represents an intervention in the network that differs consider-
ably to approaches deployed in other contexts. For example, Ballester, Calvo-Armengol
and Zenou (2006) use their characterisation of equilibrium to identify the key player in
the network, the removal of whom would allow a central planner to reduce total activity
the most with the removal of a single player.

Birge, Candogan and Chen (2018) construct a model in which firms are connected to
buyers on a network controlled by a platform and choose their price in order to attract
buyers with different valuations of a single good. They characterise the effect of net-
work structure on the profitability of commissions and subscriptions from a platform’s
perspective, finding that loss in revenues is potentially unbounded when all sellers are
charged either the same commission or the same subscription fee regardless of their
location in the network.

Galeotti, Golub and Goyal (2019) examines a case where a central planner can

partly determine (at an exogenously imposed cost) the payoff of players in a network,

!Bonacich (1987) calls the centrality measure in the case where the scalar is negative a measure of
13 vl
power”.
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which in turn determines the equilibrium actions of each player. While there is similarity
between this approach and the one utilised here, our intervention in the network is on
its design, rather than on the payoff functions of the agents. Furthermore, the cost of
intervention in our model arises endogenously from the effect that changing observation
probabilities has on increasing competition.

We examine the effect of prominence on price competition. Armstrong, Vickers and
Zhou (2009) analyses the case where consumers engage in costly search to learn the
price and match value of a series of products. If one product is more prominent than
another, then it is observed first, with buyers choosing whether to buy it or search for
other products. They find that the prominent firm sets a lower price than other sellers,
who set a higher price than in the case where matching is random, increasing profits. In
constrast, our analysis finds that prominence causes prices to fall, because prominence

increases the expected intensity of competition.
1.3 Motivating example

Large, online platform owners must design platforms in which many sellers compete for
many buyers. If sellers can only set one price, then network design has implications for
the nature of competition between sellers for different buyers. If a platform owner can
affect which buyers observe which sellers and sellers only set one price, then the platform
owner faces a trade-off between more sellers being observed, increasing demand, and
the resultant increase in competition.

As an example, suppose the probability that two buyers observe two sellers is strictly
between 0 and 1. Then all the possible ex-post market structures (ignoring the case

where no buyer observes any sellers) can be represented by Figure 1.1.
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Figure 1.1: The black nodes represent sellers, the white nodes represent buyers. Assum-
ing sellers and buyers are identical, these configurations represent all possible market
types when there are two sellers and two buyers

Consider the nature of total profits and competition if prices were set after the re-
alisation of a network structure. Market structures on the bottom and to the right
of the diagram exhibit less competition, but profits are lost because the buyers will be
assumed throughout to purchase at least some goods from any seller they observe. This
issue is reduced in market structures above and to the left of the diagram; however,
there, the two sellers are in more direct competition with one another, which reduces
profit due to both sellers setting a lower price.

The trade-off highlighted by this simple example is one that the platform owner
faces when designing the network. Increasing the probability that a buyer observes a
seller increases the competition faced by every seller in the network, but this in turn

increases sales.
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1.4 Model

Suppose there is a finite set, B, whose elements are “consumer segments”, in the sense
that they are a finite mass of consumers who are assumed to share some trait, such
as geographical location, age demographic, occupation, etc. We use n to denote the
number of consumer segments.

Let S be a finite set of sellers, where |S| = m. Sellers each sell a single type of
completely divisible good, and each seller’s good is an imperfect substitute for each of
the goods.

Sellers and buyers interact on a platform. A consumer segment, i, observes a seller
j with probability 0 < w;; < 1. Assume w;; is independent of wy, for all (4, j, k) and
is determined exogenously. Such an observation process generates a weighted network
G = (BUS, E), where E is the set of weighted edges from B to S. G has an adjacency
matrix, [?, which is a zero diagonal matrix with components w;;.

As an example, suppose the probability that three subsets of buyers, 1, 2 and 3,

observe three sellers, X, Y and Z, can be summarised in the following table:

Observation probability | X | Y | Z

1 0.1]0.7]0.3
2 0 10105
3 0 0 ]0.3

The probabilities above can be represented as a bipartite network, as shown in Figure

1.
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Sellers, setS

v/

Buyers, setB

Figure 1.2: A weighted bipartite network - the number on each line indicates the
probability that a given buyer observes the relevant seller

Let p denote a m x 1 vector whose jth entry is p; € R, the price of j’s good. We
assume that sellers set prices with full knowledge of the adjacency matrix R, but prior
to the realisation of the links in the network. In other words, sellers know the buyers’
observation probabilities, but do not know which buyers actually observe them.

We will assume that if a consumer segment ¢ observes a seller j, then their demand

function, z;;(.) : R™ — R, for product j can be expressed as follows:

zi5(p) = avij — bisp; + > ci(pr — Yir)- (1.1)
k=1

where a, b;;, c;,, vi; are all positive scalars, with ¢; = 0. We will assume throughout
that a is large enough such that x;; > 0 for each observed good: this restriction will be
discussed in more detail below. As ¢;, > 0 for all 7, k, each product is a gross substitute
for every other product.

Note that the demand function in (1.1) is an ex-post demand function, in that it is

generated after the realisation of the network structure is realised, and hence after the
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sellers set prices. Define ¢’s ex-ante demand function for a good j as follows:

Elz;;(p; G)] = wij(ayi; — bijp; + Zwikcik(pk — Yik))- (1.2)
k=1

Seller j’s aggregate demand function is then defined:

Elz;(p; G] = Z Elx;;]. (1.3)

Then, assuming the marginal cost of each seller is zero, the profit function for seller j

1s:

E[m;(p)] = p;Elz;(p)]. (1.4)

Sellers are assumed to observe the structure of graph G: they observe the matrix of
observation probabilities. On the basis of this information, sellers choose their prices.
A seller, j, is assumed not to be able to price discriminate across buyers, and hence
sets a single price p; € 4. Sellers compete with one another on price, and set prices

simultaneously. Therefore, each seller’s maximisation problem can be expressed:

T%?XE[Wj(Pja p_j: G)I. (1.5)

Let I'(G) represent the simultaneous move m-player game played on a network G with
payoffs as specified in (1.5) and strategy spaces R.
We will also assume that there is a platform owner who has the following profit

function:
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where 0 < y < 1.

1.5 Equilibrium characterisation in the general case

Buyers are not strategic agents in the game, and therefore it is possible to define a
network that is strategically equivalent to the original network G, but only includes
seller nodes. Such a network can be used to characterise the equilibrium of the game

I'(G). Define «; and S; as follows:

a;(G) = Z wij(ayij — Z WikCikYik)
i=1 k=1

and:

Bi(G) = Z Wby
i=1

a; represents the expected value of the intercept of the aggregate demand function of
J, and B3; represents the expected aggregate price sensitivity. Transforming the profit
function in (1.5) to put it in terms of a seller-only network yields the following payoff

function for seller j:

Elr;(p)] = pj(a; — Bjp; + zm: CikDk); (1.6)

where ¢, = > " | ¢;j(wi;w;y), which is therefore a measure of the strength of the con-

%

nection between j and k because it measures the weighted link between the sellers and
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shared buyers. Rescaling (1.6) by 1/3; and multiplying by % generates the following;:

_ 1,
El7;(p)] = pja; — 5?? + ) Epiv (1.7)
k=1
Lay ~ Le, .. . ~
where d; = 22 and & = 26-;_". The maximisation problem max,, 7(p;) has the same

set of first-order conditions as the one that involves maximising a vector containing
the profit functions in (1.6). Define A = max{¢;;|i # j} and Rg as a symmetric zero
diagonal matrix of a network Gg with components ETJ This transformation yields a
competition network, Gg, which is a projection of G. The competition network of the

network in Figure 1.2 is shown in Figure 1.3 below.

/ . \
wyawipe _ (0.140.7)0.25 e ;

wiaa 01D =0.175 0.02 0.022

0.016

vl S, s

«—— 0.007

X 7
0.075

Figure 1.3: Transforming the network G into the competition network Gg. Here it is
assumed that b = 1 and ¢ = 0.25 for each buyer and ~; = 1 for all j.

The links in Gg represent the relative importance of the connection between two sellers.
In the graph in Figure 1, seller X is competing for their only (potential) buyer with
seller Y. Hence, the directed link between X and Y has a much larger value than the

weight between Y and X, as Y is also in competition with Z for consumer segment 2.
Let & represent a m x 1 vector with element j ;. To ensure that an equilibrium

of the game I'(G) is unique, it is necessary to ensure that demand is positive for all
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sellers. Define the m x 1 vector:

Z:(G) == [I — A\R¢| &,

where R¢ is the adjacency matrix of the complete seller-only graph, with w;; = 1 for all
i,7. Define 3 as a m X m matrix with a for each of its diagonal components and with
—c;; for each of its ijth non-diagonal components. Given that Z;(G) < v, X(vy — Za)
is increasing in a. Hence, there exists an a € R, such that if > a then X(v—Z5) > 0.

Define C5(Gg, \) = Cs = [I —ARs] '@, which is the weighted transformed Bonacich
centrality measure of the network GGg. The following theorem, which characterises the

equilibrium price vector, then holds?:

Theorem 1.1. Suppose a > a. Then the game I'(G) has a unique Nash equilibrium in

pure strategies, which s the equilibrium price vector:

P*(G) = Ca(Gs, A) (1.8)
iff (I — ARg) is positive definite.

There exists a unique Nash equilibrium price vector of I'(G) that is equal to the Bonacich
centrality of the sellers in the network Gg multiplied by &, assuming that (I — ARg)
is positive definite and at the equilibrium vector of prices, each consumer demand a
non-zero amount of each good.

The vector & is a function of the matrix Gg. The more direct connections a seller
has in G, the larger the sum of the intercept terms of the demand functions of the
buyers in the network, increasing the & term of each seller. This implies that a more

central seller will have an incentive to set a higher price. At the same time, the more

2Proofs can be found in the Appendix throughout.
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sellers that are connected to a given buyer, the more competition that each of those
sellers faces, which leads to an incentive to lower prices. This implies that a more
central seller will choose a lower price. Which of these effects dominates depends in
general on the parameters of the model. The next section shows that, in the symmetric
case (i.e. where the demand function of each buyer is identical), the equilibrium vector
is decreasing in the network’s centrality vector.

The condition on (I —ARg) in Theorem 1.1 provides a restriction on each ¢;;, which
is measures the substitutability of the model, relative to the effect own price has on
demand, which is captured by a. For example, if (I — ARg) is diagonally dominant,
which holds when ; Cij < B; for all 4, then it is positive definite.

Returning to the example in Figures 1.1 and 1.2, Theorem 1.1 suggests that the
centrality of each seller and their price is as follows for the assumptions laid out in

Figure 1.2:

Centrality | Price

1.26 3.70

Y 1.20 3.98

Z 1.06 4.87

Seller Z has a (potentially) uniquely connected buyer, and therefore has lower centrality
in the competition network than X or Y. As a result, Z’s price is higher than either
X or Y’s. Z’s price is the lowest as they are likely to face competition from Y, as the

connection probability between Y and consumer segment 1 is relatively high (0.7).

22



Equilibrium in the symmetric case

Assume that v;; = 7, bjj = a for all (i,j) and ¢;; = ¢ for all (i,7).> Then the demand

function of the consumer segment, ¢, can be expressed as follows:

m

xz’j(P) = avy; —ap; + cZ(pk - Mk)- (1.9)

Define I'.(G) as an m-person game played on a connected network G by sellers with
payoffs consistent with the demand vector implied by the equality in (1.9), and assume
that the demand parameters are such that (I —ARg) is diagonally dominant (and hence
positive definite) and that a > a . Let p*(G) represent the equilibrium price vector of
this game and C(Gg, \) be vector of Bonacich centralities of the nodes in graph Gs.
Define v as an m x 1 vector with jth element ;. Theorem 1.1 implies the following

result:

Corollary 1.1. The unique pure-strateqy Nash equilibrium of I'. is:
X 1
p*(G) = 5y =7 C(Gs, ). (1.10)

Hence, a seller’s equilibrium price is decreasing in their centrality in Gg. Sellers that
are connected to more isolated consumer segments (particularly those who are captive)
face relatively less competition than sellers who are largely connected to segments with
different goods to choose from, and therefore are able to set a higher price in equilibrium
than other sellers. The above expression implies seller j’s price is increasing in v; but

is decreasing in every other element of the vector ~.

3We show that this assumption is an approximation of the linear demand curve that is generated
from a quadratic, quasi-linear demand curve in the first section of the Appendix.
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1.6 Comparative statics

Let I, represent the symmetric version of the game described in Section 5 above but with
the further restriction that v; = . Define the vector p*(G, ¢, 7, a) as the equilibrium
vector of this game.

Consider the effect of a change in the parameters in the consumers’ utility function
will have on the equilibrium price level in the game F;. The following proposition

concerning v and c follows from the analysis above:

Proposition 1.1. Suppose the game F; is being played and that v > ~ and ¢ > c.

Then: (i)p*(G,c, 7’,@) > p*(G,c,7v,a) and (ii) p*(G,c,7y,a) > p*(G,c/,%a).

The parameter v determines the intercept of the consumers’ demand function for each
of the goods. If v increases, then each seller has a direct incentive to increase their
price, and, because the network is connected, the have a second-order incentive to raise
their price because all other prices have also risen.

Increasing ¢ has the effect of increasing the substitutability between the goods of
each seller. An increase in ¢ therefore increases competition between sellers, which
reduces prices directly, which, again, induces further price reductions because prices
are strategic complements.

Suppose a network G’ is created by adding a node, i, to G and an edge, w;j, between
i and one seller j € G. Assume that w;, = 0 Vk # j. Then the following proposition

holds:

Proposition 1.2. Suppose the game T, is being played. Then, p*(G') > p*(G).

24



A seller’s price is increasing in the number of captive segments who observe it. As the
number of captive buyers a seller has increases, as the relative importance of competition
from other sellers decreases. Since the sellers’ actions are strategic complements, an
increase in the price of a seller results in an increase in the price of sellers who are
in direct competition with that seller. If the network is connected, it follows that the
price of all sellers will increase - the sellers connected indirectly to j increase their price,
which leads to the sellers indirectly connected to them increasing their price and so on,
until the entire set of sellers has increased their price.

Now consider the effect of seller entry. Suppose a network G is created by adding
both a seller node, j, an edge, w;j > 0, between j and one consumer segment ¢ € G.
The new graph G is generated as a result of entry by the seller j. The following

proposition shows the effect of this entry on equilibrium prices:

Proposition 1.3. Suppose the game U, is being played. Then, p*(G) > p*(GH) if Gg

18 connected.

Seller entry unambigously reduces prices across a connected network. Every seller that
consumer segment ¢ observes experiences an increase in direct competition from j, which
results in a fall in prices. This fall in price results in sellers who compete with sellers
who are observed by 7 also lowering their prices, and so on. The result is lower prices
across the network.

The above results make it possible to analyse optimal pricing and entry in the case
where sellers have “independent reach”, which occurs when the the fact that a consumer

observes a firm does not affect the probability that the consumer observes another firm.
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An illustrative example: the case of independent reach

To see the implications of the analysis above, consider the case where G is a connected
network with m sellers and n consumer segments. Suppose that the proportion of
consumer segments that are connected to a seller 7 is o; > 0, and the proportion of
consumer segments connected to two sellers ¢ and j is 0,05, and so on. In industrial
organisation, this situation is called independent reach, and it generates a network such

as the one in Figure 1.4.

Sellers, set 8

Buyers, set B

Figure 1.4: An example of a network generated by each buyer having “independent
reach”.

Suppose each of the m sellers have independent reach to n consumer segments. This
implies that in expectation there is a positive proportion of buyers connected to a seller
¢ uniquely and another proportion connected to ¢ and some other seller 5 only and so
on. Such a set up generates a network G,(m,n, o). Call the seller within G, with the
weakly highest o; seller 1, such that oy > 05 > ...0,,. Theorem 1.1 implies the following

about the relative prices of the sellers in the case of independent reach:
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Corollary 1.2. Suppose sellers play F/c on G,. Then the equilibrium prices satisfy the

following inequality: p§ > p§ > ... > pf..

Seller 1 has the lowest centrality in the network GGg because they have the largest pro-
portion of captive buyers and near-captive buyers in expectation. Though the strength
of their connection with a seller k, ¢y, is larger than ¢;;, for all ¢ # 1, 1’s connections
in Gg, which take into account the own-price sensitivity parameter i, are such that
G < G, for all (i, k) pairings where ¢ # 1. This is because the seller with the largest
reach has the most captive buyers, and therefore is able to set the highest price. The
same logic holds for each seller, which implies that the larger a seller’s reach, the higher
their price.

The result in Corollary 1.2 is consistent with Ireland (1993) and McAfee (1994) in an
undifferentiated Bertrand setting, which find that a firm’s expected profit is increasing
in that firm’s reach.

Independent reach can also be used to analyse seller entry. Suppose there is a set
of m sellers with a m x 1 reach parameter vector o, generating a network G, with
equilibrium price vector p*(G,) when the game F/C is played. Also suppose that there is
a set of m + 1 sellers such that each of the components 1, ..., m of the vector o are such
that o; = 0, and let o, > 0;n+1 > 0. Define G as the m + 1-seller, n-buyer network

generated by the parameter vector o . Proposition 1.3 has the following corollary:

Corollary 1.3. Take any element 1, ..., m of the equilibrium price vector p*(G,), pi(Go).
p;(G,) is strictly greater than p;(G ).

In the case where the entrant has independent reach, each of the incumbent’s centralities
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in the competition network increase as a result of entry, which in turn implies an increase

in competition and therefore a decrease in equilibrium price for each seller.

1.7 Endogenous observation probabilities

Advertising

Thus far, the structure of the network and the probability that a buyer observes a
given seller have been treated as exogenous. We consider the case where an entrant or
the platform are able to shape the nature of competition by shaping the structure of
the network. Throughout this section, assume that players play the game I'. once the
structure of the network is realised.

First, consider the case where, through advertising (for example) a seller j, can
choose the probability of being observed by a single buyer, 4, holding the remainder of
the network fixed. Define:

G =G+ Ey;

where —1 < E;j <1land 0 < w;(G) +E;j < 1. G is then the graph generated by seller

4’s choice of E ., which in turn generates an observation probability. Seller j’s profit

57

maximisation problem can be stated as follows:

max 7} (p; G) (1.11)

Eij

subject to the constraints above. The following lemma holds:

Lemma 1.1. There is a unique solution to the seller’s mazimisation problem, w;; < 1.

. . . . . ! . .
The seller’s maximisation problem is concave in F. ., as each seller’s centrality is convex

I
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in any observation probability w;;. This implies that there is a unique solution to the
seller’s maximisation problem, which corresponds with a unique value for ¢’s probability
of observing j, w;;. Note that there will be cases in which w}; = 1.

The seller faces a trade-off: increasing w;; increases revenue directly because there
is a higher probability that they are observed by i. At the same time, increasing an
observation probability increases the centrality of j, which results in more competition
across the network.

The above trade-off is also present if we consider the case in which the platform
owner maximises their profit by choosing E;j for a given network G. However, the
platform owner also internalises the fact that a reduction in prices across the network
also reduces the profits of sellers other than j. By the same logic as in the proof of
Lemma 1, there is a single observation probability that corresponds to the solution of
the platform owner’s maximisation problem, which we will denote wf; . The following
proposition holds:

Proposition 1.4. The solution to the platform owner’s mazimisation problem, wf; <

w;; with the inequality strict if wy; < 1.

The platform has an incentive to set w;; below the level that is optimal for the individual
seller because of the effect changing the weight has on the profits of other players in
the network. Hence, even if wj; = 1, if the effect of the weight change on the price of
sellers other j is sufficiently large, then w,; < 1.

When an individual seller chooses the probability that they are observed in the
network, they do not take into account the competition effect on aggregate profits.
Increasing any observation probability weakly increases competition on the network,

reducing prices and platform profits. Individual sellers only take into account their
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own profit levels, and hence do not fully internalise this effect if they choose their own

observation probabilities.

Profit-maximising seller entry

Let G denote a bipartite graph of n buyers and m > 2 sellers. Suppose that there
exists a seller 7 € G for whom w;; = w > 0 for all 7, and suppose that the platform
owner chooses the n x 1 vector of observation probabilities, w;, whose ith element is the
observation probability w;;. We use this set up to represent the case where a new seller
enters the market and the platform owner needs to choose the optimal set of observation
probabilities to maximise profits, keeping all other observation probabilities fixed. The
observation probability w* is thus a default likelihood that buyers would observer the
new seller if the platform owner did not intervene.

Define w; as an n x 1 vector whose ith entry is w;;. The platform owner’s maximi-

sation problem can be stated as follows:

wj

max E[7}] = Xn}UaXZE[ﬁ;‘] (1.12)
i

To solve this maximisation problem, we define the following variable, which captures
how influential a given consumer segment is on the centrality of sellers in G g, and which

we will call “buyer influence”

Let wf; represent an element of a vector wf , which is a solution to the platform’s
optimisation problem stated above. Denote the equilibrium price vector when w; =

w1, as the m x 1 vector p with jth element p,.

30



We characterise the first-order conditions of the platform owner’s problem as follows.
By the envelope theorem, while a marginal change in an observation probability, w;;,
changes j’s price, it does not affect j’s profits. Seller j’s profit change with w;; insofar as
it affects profit directly (i.e. by generating an increase in demand from i) and through
a change in price of the other sellers. Similarly, the profits of all other sellers who are
not 7 change as a result of a change in the prices of the other sellers.

We denote the marginal benefit associated with increasing a weight w;; above w as

follows:

0Cik - .
MB;; = ap; (v — pj) +Z8 ]kp](pk—v) > 0.

Increasing w;; increases the probability that ¢ observes j, which, by assumption, results
in positive demand and therefore increased expected profit. However, increasing w;;
increases the competition between the existent sellers and the new seller. Increasing
the probability that a consumer segment observes a seller has a direct effect on the
expected demand for every other good and the prices of those goods. The marginal

cost associated with increasing w;; can be written as follows:

— D, X~ OB
MGy = S L5 5 (5 — ) + : 5.
j ow,; DDk — ) Z Z Crl dur, b
k=1 =1 k=1
The solution to the maximisation problem in (1.12) equates the absolute value of these

two expressions. Note that, as per Bonacich (1972), the centrality of k in Gg can be

written:

Cr(Gs, A) Z@ 1Ci(Gg, N)
k=1

The centrality of k is a linear function of C;(Gg, A). As a result, it can be shown that

9C:(GsA) can be written as a weighted sum of both Cj(Gg, A) and Cy(Gg, A). Specif-

6wi i
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ically, the weights in this expression are a function of ), w;;, the sum of observation

probabilities of every consumer segment. As both of these expressions are weighted

9Ck(Gs,M)

sums of the centrality of every other seller, it follows that =%
ij

is increasing in
CP(@).
The analysis above suggests that there is a link between the influence measure de-

fined in (1.13) and the solution to the platform owner’s maximisation problem. Theorem

1.2 makes this link explicit:

Theorem 1.2. Suppose I, is played after the platform owner chooses Gg by choosing
the vector w;. If CP(G) < CP(G) and 3, wi(G) < 30, win(G), then wi; > wy for

any solution to the platform owner’s optimisation problem.

The marginal benefit of increasing an observation probability w;; is related to the ad-
dition revenue generated by sales from j. Increasing the probability that j is observed
straightforwardly results in an increase in the expected demand for j’s product, in-
creasing profit. The extent to which profit increases as a result of an increase in w;; is
tempered by the fact that the ex-post demand for j’s good is reducing in the number
of additional products buyers observe.

Figure 1.5 illustrates an example of where of the platform owner’s optimal solution

in the case where a new seller enters.
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Sellers

A B C D
| 1 | | 2 | | 3 | | 4 |
Consumer segments

Figure 1.5: profit-maximising entry of seller D, keeping the remainder of the network
fixed. The thicker the lines in the diagram, the larger the observation probability.

Consumer segments 1 and 4 are connected to only one seller, with segment 1 also having
the lowest sum of observation probabilities. Hence, 1’s probability of observing D in any
solution to the platform owner’s maximisation problem is larger than the probability
that 4 observes D. The buyer influences of both 2 and 3 are both larger than the

influence of 1 and 4, and hence they observe D with lower probability than 1 and 4.

1.8 Network structure and prominence

In Section 7, we saw that the platform owner faces a trade-off between increasing a
seller’s expected sales by increasing the probability that they there are observed by
a consumer segment ¢ and the increase in competition that this imposes on the rest
of the sellers who are observed by i. In this section, we examine this trade-off more
generally by characterising the network structure or structures that maximise profit

and /or consumer welfare.
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Consumer surplus
Assume the game I is being played, a > a and that the matrix I — ARy is diagonally
dominant. Define the expected consumer surplus of consumer segment ¢ for a given

equilibrium price vector p* and demand vector x} is as follows:

m

. 1 . @i |~ Cik
E[CSi(z};p")] = ZiwijE[xiﬂwU = 1)( b”] + szkb_
iJ 1 iJ

’ (px —vir) —p;)  (1.14)

Define CS(x*; p*) := >, CS;(x};p*), where x* is an m xn matrix whose ¢jth component
is z;(p*). If I — ARg is diagonally dominant, then it is clear from the above expression
that the expected value of each CS;(x};p*) is falling in p*. It is also straightfoward
to show that expected consumer surplus, ceteris paribus, is increasing in the expected
number of connections in G a buyer has. Clearly then, CS is a function of the network G
and can be written CS(G). Call the set of all possible m, n bipartite networks G(m,n).
Define G. as a complete network where w;; = 1 for all (i,j) pairs. The following

proposition holds:

Proposition 1.5. Assume the game I is being played, a > a and that the matrix [—\Rg
is diagonally dominant. For any G € G(m,n), G# G., E[CS(G.)] > E[CS(G)].

The centrality of each agent is at its maximum for a given number of buyers and sellers
when the network is complete. Intuitively, when the network is complete, each buyer is
competed for by each seller. A complete network maximises competition, which reduces
the equilibrium price level of each seller. This result is consistent with Bimpikis, Ehsani
and Ilkili¢ (2018), who find that a complete network maximises consumer welfare in

Cournot setting if buyers’ demand functions are homogeneous.*

4 Strictly, the model of Bimpikis, Ehsani and Ilkili¢ (2018) is one where firms compete for “markets”
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Hence, despite the fact that in a Cournot model the sellers’ actions are strategic
substitutes, while in a Bertrand setting they are strategic complements, the driving
logic in both cases is that competition reduces prices and a complete network maximises

competition.

Profit-maximising networks

Consider first the case where ¢ = 0. If ¢ is zero, then that each seller’s product is not a
substitute for the other goods in the market, which implies that each interaction effect
parameter linking the two sellers in Gg is equal to zero. Let 7(G) = > ", m(G). It

follows that:

Proposition 1.6. Suppose ¢ = 0 and the game ', is being played. For all G € G(m,n)
where G # G, 7(G.) > 7(G).

When goods are not substitutes, sellers are not in competition with one another. Prices
are therefore set at the monopoly level. The platform owner then has an incentive to
increase any probability w;; < 1 as z;; > 0 for all 4,j. It follows that the complete
network maximises seller profit, which in turn maximises the platform owner’s profit.
The analysis in Section 7 implies that, despite demand from each consumer segment
being strictly positive for any good they observe, the complete network does not nec-
essarily maximise the platform’s profit. The platform owner has an incentive to reduce

the probability that sellers are observed in order to increase prices. In decreasing ob-

rather than consumers. They find that if markets are of the same size, which would be equivalent to

homogeneous buyers in this model.
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servation probabilities, the platform owner potentially (assuming a is sufficiently large)
reduces demand. In order to maximise profit then, the platform owner must choose a
network structure that maximises the expected number of sellers each consumer seg-
ment observes while accounting for the constraint that increasing observability decreases
prices.

To illustrate the platform’s trade-off, suppose first that v € [0, 1] and that:
w;;(v) = v.

Assume that the platform owner then solves:

maxfp = XmaXZfr;f (1.15)
j=1

The following result holds:

Proposition 1.7. Suppose that T'. is played after the platform owner’s choice of v.

Then there exists a unique solution to the platform owner’s profit maximisation problem,

v* < 1, with the inequality strict if c is sufficiently large. Furthermore, 85’; > 0 and

8 *

e < 0.

Proposition 1.7 highlights the platform owner’s trade-off with respect to network design.
Increasing the probability that each of the seller’s is observed increases profits as sales
are increasing in the probability that each buyer observes each seller. At the same time,
increasing sales increases competition, reducing prices. Each seller’s price is a concave

function of v implying that a unique solution to the maximisation problem in (1.15)

exists for v € [0, 1].
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Increasing ¢ increases the substitutability of the goods being sold on the platform.
This increases the level of competition in the network for a given level of observability,
v, reducing prices. The platform owner then has an incentive to reduces observability
across the network to increase prices.

Increasing a, on the other hand, results in an increase in sales for a given price level.
Hence, the platform owner has an incentive to increase the probability that sellers are
observed, even if the implied increase in competition unambiguously reduces prices.

Proposition 1.7 implies that the platform owner potentially has the incentive to
reduce the extent to which consumer segments observe sellers in order to increase prices.
For a given observation probability, as the number of sellers, m — oo, the probability
that any consumer segment will observe every seller on the network (which is equal to
v™) tends to zero. We discuss the policy implications of this finding in the discussion

section below.

Prominence

The above analysis and the characterisation of the equilibrium price vector also indicate
that the platform owner faces another trade-off when they are able to choose network
structure more generally. The observation probabilities can be thought of as a measure
of “prominence” in the sense that they capture the likelihood that the seller is observed
by a given buyer. Increasing a seller j’s prominence in the network potentially increases
profits as a result of increasing the probability of sales, but at the same time it imposes
a cost on the rest of the network by increasing competition, reducing prices of every
seller, including for the more prominent seller.

As the number of sellers and the centrality of those sellers in the in the network Gg
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increases, w;; > w;, has an increasingly large effect on prices. The centrality vector in

Gs can be expressed:

C(Gs, N1 =) NGE1.

k=0

It follows that 8225’“ > 0. Recall that seller prices are falling in the centrality of the

o
sellers in this setting. Hence, setting w;; > w;;, imposes a cost upon the platform owner
because the centrality measure has a feedback effect such that increasing an observation
probability w;; (weakly) reduces j’s price, which reduces k’s price which then reduces
j’s price and so on. This feedback effect, which is a feature of the Bonacich centrality
measure, is increasing as the centralities of the sellers in Gg become larger.

In order to formally analyse the effects of prominence on the network, we consider
the case where each seller has a baseline observation probability, v > 0, which we
take as fixed, and that one seller is prominent for each consumer segment. Which
seller is prominent for a consumer segment can differ for each segment. If a seller j is
prominent for a segment i, they are observed with probability w;; = v +§ < 1 where
& > 0. Otherwise, sellers are observed with probability v.

Denote the probability that a seller j is prominent with any consumer segment
as p; € [0,1], and assume that the probability that a seller being prominent for one
consumer segment is independent of the probability that they are prominent for another
seller group. Thus, E;”Zl p; = 1. Then, the platform owner chooses the vector of
probabilities p to solve the following problem:

max B[} (p; v, €)] = xmax }_E[7(p; v, €)] (1.16)

=1

subject to the constraint that:
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> pi=1
j=1

We assume that the platform first chooses the prominence probability vector, the who
seller becomes prominent is then realised, generating a network GG and then the sellers

play the game I'(G). This implies that the expected price vector can be expressed

Blp(C)] = 5(v 7" E[C(Gs, )

where:

E[C(Gs, \)] = > NE[GE(p)]

Let p* be a solution to the platform owner’s maximisation problem. Theorem 1.3

characterises the results of the platform owner’s problem as follows:

Theorem 1.3. Suppose the platform owner chooses p to mazximise profit and F/C s
played once p is chosen. Then, if mn > 2, p* = %1m 15 the unique solution

to the platform owner’s maximisation problem. This implies that, at the optimum,

Elwy] = v+ L& for all i, j pairs.

Making one seller more likely to be prominent is costly for the platform owner for two
reasons. Firstly, prominence concentrates competition, which results in a fall in prices
that in turn reduces platform profits. By randomising prominence, the platform owner
ensures that the level of expected competition in the network is as low as possible
given the prominence parameter ¢ and v. The feedback effect inherent within the price
competition on the network results in outcomes where one seller is more prominent to a
larger number of consumer segments than other sellers increases competition. The more

consumer segments a seller is prominent to, the more direct and indirect competition
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the seller imposes upon other sellers in all consumer segments, which reduces prices.

Secondly, increasing the likelihood that one seller is more prominent than other
sellers increases the probability of outcomes in which that seller is prominent in many
markets and the other sellers are prominent in few or no markets. Sellers who are not
prominent in many or any markets are less likely to have captive or near captive buyers.
As a result, they put more relatively more weight on the competition they face from
other sellers.

A seller prominent in many markets puts less weight on the competition they face;
however, this effect is diminishing as the number of buyers for whom that seller is
prominent increases. Mathematically, this effect arises from the fact that ¢;; = CB_Z’ and
hence ¢;; is convex in f3; for all j # ¢ It follows that in outcomes where one seller
is prominent for more consumer segments than other sellers, the sum of the weighted
walks starting from each seller is greater than outcomes where seller prominence is
more evenly distributed. This implies setting some prominence probability p; > p;
j # 1 increases the probability of outcomes where prices and profits are lower than
outcomes where prominence is more evenly distributed.

As a result of both the competition effect and the captive buyer effect described
above, the unique solution to the platform owner’s maximisation problem is that
p = %lm, assuming m,n > 2. If n = 1, then as one of the sellers must be prominent,
any set of probabilities is a solution to the maximisation problem, and if m = 1, then
the probability that the seller is prominent is 1 by definition. Note that the solution to
the seller’s problem implies that E[w;;] = v + %5 for all 7, j pairs: the expected proba-
bility that any seller observed by any consumer segment is the same for all sellers and

consumer segments.

Now suppose that there is a single seller whose product is of higher quality than
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the other products on the market. We capture this by assuming that there is a seller j
for whom ~; > v = k # j, which implies that demand for j’s product is higher than
demand for all other sellers’ products when prices are equal. Define p** as a solution
to the platform owner’s maximisation problem. Proposition 1.8 examines the platform

owner’s choice of p in this case:

Proposition 1.8. Suppose the platform owner chooses p to maximise profit, that ; >
Y = Y, k # j for all j and T'. is played once p is chosen. Then there exists an
a € Rysuch that if a > a, any p** , p; > pi , k # j, and hence Elw;;| >E[wg] for all i

and k.

Suppose p = p*. A marginal increase in the expected prominence of product j increases
expected demand for j directly for all buyers, and, as v; > ~, this effect outweighs the
implied decrease in demand from another seller, k, whose expected prominence must
decrease because Y .~ p; = L.

However, increasing the expected prominence of j also decreases demand for other
products for two other reasons. First, it causes a direct fall in demand for every other

product because by equation (1.2) above, %ETT < 0 for all k£ # j. Second, from |%

is strictly positive, and hence increasing the prominence of j at p = p*. has the effect
of decreasing the price of every seller other than ;.

The latter two effects are not functions of a, but the direct increase in demand
associated with an increase in j’s expected prominence is linearly increasing a. Hence,
if a is sufficiently large, then it is profitable to increase p; above the p*, so that p; >
Pk, k # 7. When this holds, the benefit associated with increasing the probability that
a buyer observes a seller with a popular product is higher than increasing any other

observation probability, due to the fact that the popular product yields more revenue
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when it is observed. As a result, the equilibrium observation probability for the popular
product is higher than the observation probability of the other products.

Proposition 1.8 highlights that platform owners have an incentive to increase the
expected prominence of particular, high quality (or otherwise high demand) products,
even if this results in additional direct and indirect competition on the network. This
incentive may explain why platforms such as Amazon tend to highlight particularly
popular or branded products to users: see, for example, Barach, Golden, and Horton
(2019) and Kim, Albuquerque and Bronnenberg (2010).

An example of the expected weights of a network generated in the case analysed by

Proposition 1.8 are shown in Figure 1.6.

Figure 1.6: Network structure when v4 > v = 7¢ = vp. The thicker the lines in the
diagram, the larger the observation probability between the two connected players.

1.9 Discussion

When a platform owner’s revenue is a proportion of the profits of sellers on their plat-

form, they have an incentive to reduce the probability that buyers observe sellers. While
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ensuring that a consumer segment observes a seller increases sales, it produces a cost
because it reduces prices through increased competition. If product substitutability
is sufficiently high, the platform owner reduces observability to maintain high prices,
reducing consumer welfare.

The result that platform owners have an incentive to reduce is consistent with the
observed behaviour of online platforms. Several empirical studies (e.g. Kim, Albu-
querque and Bronnenberg, 2010 and Ringel and Skiera, 2016) show that buyers tend
only to be able to observe a fraction of the total sellers on the platform. Our analysis
explain these findings by showing that it is consistent with the profit-maximising be-
haviour of a platform owner who takes a proportion of the profits of the sellers on the
platform.

A similar logic applies to seller entry. If a seller enters the market, the platform
owner has an incentive to ensure that they are more likely to be observed by consumer
segments that are: (a) relatively uncontested in expectation (i.e. their probability of
observing a given number of sellers is relatively low) and (b) are relatively uninfluential
on seller prices. The expected demand an entrant receives from a relatively contested
consumer segment is relatively less than the expected demand from an uncontested
consumer segment for the same observation probability. Furthermore, the effect on the
demand of other sellers of increasing the probability of consumer segment ¢ observing
the entrant is increasing the extent to which ¢ is contested.

In Section 7, we defined the buyer influence of a consumer segment ¢ as the sum of
the centralities of the sellers observed by ¢ weighted by the observation probabilities.
The lower the buyer influence of a consumer segment, the smaller the effect on prices
of other sellers associated with a seller being observed by that consumer segment. The

platform owner therefore has a potential incentive to reduce the probability that some
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consumer segments observe entrants in order to maintain relatively high prices across
the network.

Our analysis implies that seller prominence imposes a cost on the platform owner.
As a seller’s price is falling in their centrality in the network, a single seller being
relatively more prominent to a consumer segment than other sellers results in a fall in
the prices of those sellers, reducing profits. Due to the fact that the Bonacich centrality
measure is convex in any one observation probability, this price effect increases as the
probability that the seller is prominent increases. Hence, if one seller has to be more
prominent than others, because, for example, the platform displays search results as a
list of sellers, and product quality is the same, then the probability that any one seller
is prominent should be equal.

However, if products have different levels of quality, then the platform owner benefits
from making high quality products more observable, and low quality products less
observable. Increasing the probability high-quality products are observed then imposes
a trade-off: if high-quality sellers are more prominent, sales increase for a given price
vector, but increasing that prominence can reduce prices. We examine this trade-off in
a stochastic context in Chapter 2.

There are a few of potentially important issues left unaddressed by our analysis. We
have assumed that marginal costs are zero. If sellers are heterogeneous with respect
to their marginal cost, then the platform owner may have an incentive to increase the
prominence of low cost sellers in the network at the expense of sellers with higher
marginal costs. This would imply that some form of paid prominence could be profit-
maximising from the platform owner’s perspective, as Armstrong and Zhou (2011) point
out.

Furthermore, we do not consider the case where the platform owner is able to
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segment the market by making one seller prominent with one consumer segment and
less prominent with another. This is an extension to the analysis here, and would
involve the same kind of trade-offs present in our model. Seller prominence is costly
(assuming buyers observe sellers with relatively high probability), but is likely to be
less costly than the case where they are prominent to all consumer segments, as the

platform owner is able to partially segment the market.

1.10 Conclusion

We consider the case where buyers have consideration sets containing a subset of all the
sellers in a market, who sell differentiated substitutes and compete on price. Whether
a given buyer observes a given seller in the market is assumed to be determined after
prices are set, but the probability of observation is assumed to be common knowledge.
Buyers and sellers are therefore connected to one another in a weighted network, and
the structure of this network affects the equilibrium price of each seller. Specifically, if
the substitutability between goods is sufficiently small, there is a unique, interior pure
strategy equilibrium where each seller’s price is falling in their Bonacich centrality in
a sellers-only network that is strategically equivalent to the original bipartite network.
The more central a player in this competition network, the more competition they face,
and the lower their price.

Using the characterisation of equilibrium, it is possible to see how changes in net-
work structure affect prices. Increasing the number of captive buyers unambiguously
increases the price of every buyer in the network as the direct effect of increasing the
price of one player, which in turn propagates across the entire network if it is complete.
In general, however, assessing the effect on the network price vector across the network

is more complex. While seller entry or the addition of contested buyers increases the
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competition effects experienced by a seller, it also increases the relative importance of
captive buyers. If the latter effect is sufficiently large, entry may result in an increase
in price.

The framework can also be used to determine the optimal probability of each con-
sumer observing a given seller from the perspective of the seller and of a platform that
owns the entire the network. In general, the platform prefers the observation proba-
bilities to be (weakly) lower than the seller, because the platform needs to take into
account the fact the higher the level of competition, the lower the prices are across the
network, which lowers profit. This effect is not fully internalized in the case where the
individual seller choose the vector of observation probabilities.

When a new seller enters, the platform owner can increase expected sales by in-
creasing the probability that the seller is observed. However, increasing the probability
that the entrant is observed reduces prices through increased competition. The plat-
form owner has an incentive to ensure that the entrant is more likely to be observed
by consumer segments that are both relatively uncontested in expectation (i.e. their
probability of observing a given number of sellers is relatively low) and relatively unin-
fluential on seller prices.

Consumer surplus is maximised by a complete network. For any number of buy-
ers and sellers, a complete network maximises the level of competition between sellers,
which reduces the equilibrium price level. However, platform profit is not necessarily
maximised by the complete network, despite the fact that, by assumption, each con-
sumer segment has strictly positive demand for any products they observe. Platform
owners may therefore have an incentive to set the default observation probability below
1, in order to reduce the amount of competition on the platform and increase prices.

We also find that seller prominence potentially imposes a cost on the platform owner.
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Due to the feedback effect inherent to actions determined by the sellers’ Bonacich
centralities in the network, a seller being more likely to be prominent results in an
increase in competition that is larger than the corresponding decrease in competition
associated with a reduction in prominence. When sellers are identical, the platform
owner maximises their profit by making it equally likely that every seller is prominent.

As platforms have an incentive to reduce competition in order to increase prices, our
analysis suggests that competition authorities would be well-advised to take seriously
attempts by platforms to control intra-platform competition. Regulation, insofar as
it has been directed at online platforms, has tended to focus on inter-platform com-
petition. As online platforms become more established and dominant, this kind of
competition becomes less relevant, and the incentives to increase prices examined here

become increasingly important.
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Appendix

The symmetric demand function

We show that the linear demand curve for the game T, is a simplified form of the one
generated by the following demand system. Let y; denote ¢’s demand for a numeraire

good. Suppose that i has the following quasi-linear, quadratic utility function:

ui(x;) = Z'inj - Z /M?j - wa(z PTik) + Yi
j=1 j=1 k=1

j=1
where u, p € R,. Suppose that each buyer has an income of [. As [ — oo and a > a,

the demand for each product is positive. Define the m x m matrix p as follows:

L p p
pep
l’l’:
P
_p p 1_

Then, as discussed in Amir, Erikson and Jin (2015), the demand vector x; can be

written:

z;=p ' (v—p).

Hence, for any consumer segment ¢ and any seller j, the intercept term of the ¢’s demand
for j’s product is some constant, a, multiplied by v and their own price sensitivity term
is also equal to a.

Proof of Theorem 1.1

It can be readily shown that the first-order condition (and therefore the resulting opti-
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misation problem) for the payoff vector associated with the payoff described in (1.9) is
equivalent to the first-order condition of the payoff vector associated with the original
payoff function. The first-order condition of the payoff vector with individual compo-

nents described by (1.7) is as follows:

6522[1-—-A135h1

The matrix I — AR; is non-singular and the above first-order condition has a solution,
which is denoted p*. Rearranging this first-order condition leads to (1.9).

The first-order condition above yields a unique interior solution. It is necessary to
rule out potential corner solutions. Suppose that there exists an equilibrium in which
at least one seller j sets their price, p; = 0, yielding a profit of 0. By assumption, a > @
and hence x;; > 0 for all ¢, j pair. There then exists a € > 0 such that p; = ¢ generates
a strictly positive level of demand :c;j > 0 for at least one buyer j. This would yield a
strictly positive level of profit, which implies that j would have an incentive to deviate
- yielding a contradiction.

Proof of Corollary 1.1

la.
Note that QB—% = %7 in this setting and define v as a m x 1 vector whose jth element
J

is equal to ;. Then the right-hand side of (1.10) can be rewritten as follows:
1 o0 o0
CalGs,\) = 5 D MRy — > N'Riy
k=0 k=1

thus:

1 1 o0 [o.¢]
Ca(Gs, \) = 57 + §7T D> ONRE - NREy
k=0 k=0
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and:

1 1 o
CalGs, ) = 57— 577 D NS,
k=0

which implies:

1 1
Ca(Gg, N) = 3~ §’YT0(G§7 A).

Proof of Proposition 1.1

Given the expression for the price vector, and noting that p*(G) = 3 (y—yTC(Gs, \)) >

1
2
0, the result immediately follows.

D Cwijwig

For the result in (ii), first recall that ¢;, = ==
J

. Define G§ as a graph with
(m,n) nodes with edges such that ¢, = Z+]”wk It follows that, as G's (and therefore
(%) is connected, the ijth entry of the centrality matrix C'(GgA) is less than the ijth

entry of C(G5\), which in turn implies that:

C(GEM1,, > C(Gs M1,

increasing in c. As p*(G) = 3(v — 7' C(Gs, \)) the result follows.

Proof of Proposition 1.2

Recall that for the graph Gg, ¢j; = %f””“ Let 6;k denote this value in the graph
Gy. B; > B, as O[> wyj +wyy] > b[>] wy]. As i is uniquely connected to j, cngwl/k =
cwijwy, for all I, 7, k. This implies in turn that 'c”}k < ¢j, for all k and é;k < ¢y for all
L,k #j.

The entries of the centrality matrix C'(Gg,\) are equal to o;; =), )\lrl[é]((}’g),where

r%](Gs) measures the weighted walks of length [ that start at node ¢ and end at node
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j. As Gg is connected, it follows that:
C(Gg M1y, < C(Gs A1y,

which implies the result.

Proof of Proposition 1.3

Note that the entries of the centrality matrix C(Gg \) are equal to o;; = >, )\lryj] (Gg),where
r,L[?(GS) measures the weighted walks of length [ that start at node ¢ and end at node
j. Consider walks of length 1 in G and G". If the graph is complete, then there exists
at least one walk from j and a seller k¥ € G that is not present in G. By similar
reasoning, there are also walks of length n € [2, 00] in G that do not exist in G. Every
walk in G exists in G and the weight on those edges in both graphs is the same. To
see this, note that ¢;; = Cﬁ—], which do not depend on the weight on other edges in the
graph.

Hence the weighted sum of walks from all nodes is greater in G’ than G, which
implies that:

C(Gs, Ny < C(Gg, A\

Given that p* = (v; — %’y;.C’(GS, A)), the result is proved.

Proof of Corollary 1.2

Call the proportion of buyers who have n connections and are connected to seller ¢,
oni. Then the strength of the connection between two seller, ¢ and j, can be written as
follows:

- CO;0; Coj

Cij = = .
anao; an
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It follows that if o; > o5, then ¢;; < ¢;;, for all k, including k = i. Hence, the centrality
of 7 in the network G is lower than the centrality of j, which implies that p; > p; by
the result of Corollary 1.1.

Proof of Corollary 1.3

This corollary follows immediately from Proposition 1.3.

Proof of Lemma 1.1

By the envelope theorem, taking the derivative of seller j’s maximisation problem gives

the following condition:

*

BET) _ s )+ (a0 D rawslol ) + D lem ) =0 (147)
k=1

awij —1 awzg

where 7, = 1 when k # j and r, = 0 when k = j. To guarantee that a solution to this

problem exists and is a maximum, we must analyse ; 5 ’“
ij

negative.
Recall that C(Gg, \)1 = > 12  AFGEL. Tt follows that C) can be written as some

additive function of each of the powers w;; from 1 to oo:

Ck(ww) = gk’(wi]a Z]’ Zj = 1 + Z SOTL

where 0 < ¢, < 1Vn. It is possible to see that all the criteria of Abel’s uniform

convergence test are satisfied such that gi(w;;, w3, ..., ws?) is uniformly convergent.

iyt iy

Define f,, as the nth term in the infinite sum that chracterises C(w;;),
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T(wig) =Y folwyy)

and:

K(wi;) = fo (wy).

It is clear that J(w;;) and K(w;;) converge uniformly, which, as Jeffreys and Jeffreys

0CL(Gg,\)

(1988) show, is sufficient to guarantee that —%5-—>= > 0 as it guarantees that the
ij

derivative of gi(w;;, w?j, .., wi?) is the sum of the derivatives of each component of the

820k(GS,>\)
0%w;;

sum which composes it. Furthermore, it is clear by the same logic that > 0.
Noting that pj is negative in Cix(Gg\), the seller’s maximisation problem is strictly
concave in w;;.

2 .
The fact that % < 0 is sufficient to guarantee that there exists a w* € [0, 1]
ij

that is a unique global maximum. Namely, w* solves the first-order condition in (1.17).

Proof of Proposition 1.4

The first-order condition of the platform owner’s maximisation problem can be written:

orp(p*) Oy, (p*)

1 8wij
The derivative of j’s profit with respect to w;; is expressed in (1.17) above. The deriva-

tive of another seller, k’s profit function can be similarly expressed:

on; = = op;
= p* TLCW; >'f—|— ¢ , 1.18
ow;; Pk(z kCWikP; Z kil (9wij) ( )
k=1 =1
N2
As shown in proof of Lemma 1.1, % < 0, and hence the platform owner’s maximisa-
ij

33



tion problem has a unique solution w - that solves the above first-order condition:

??‘*

onp =
Py, Z Duy (1.19)

The above implies that the solution to the two sets of first-order conditions are maxima.

Now note that the platform’s first-order condition can be as follows:

*

— 0. (1.20)

81% o Z wir(pi =)+ D [ Ckl

m
I=1 k=1 ”
The second term in this expression is negative, as p; < 7. As the second derivative of
77 in wy; is also negative, it follows that the unconstrained value of w;; that solves the
above must be smaller than the unconstrained value of w;; that solves i’s optimisation

problem. Hence, w ; < wy;, with the inequality strict if wj; < 1.

7,]7

Proof of Theorem 1.2

By the envelope theorem, the marginal benefit of increasing w;; can be expressed:

m

MBy; = ap;(0)(y — p; (@) + ¢ > p; (@) wir(pr — 7).

and the marginal cost of increasing w;; can be expressed:

As pp =~v(1 — %Ck(GS, A)) and hence p, < v, it follows that if >, wy, > >, wy, and
> w WikCr(Gg, A) > > wigCr(Gg, A), which in turn implies that the last expression in
the marginal benefit expression and the first in the marginal cost expression.then terms

are larger for [ than for i.
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Consider the last term in the marginal cost expression. Noting that:

m

Cr(Gs. \) =Y euCi(Gs, N).

=1

then Ci(Gg, \) can be written:
Ok(Gs, )\) — Eijj(Gs, /\)
where ¢; > 0 is a parameter of the form:

_ Zl(élja--wémj)

Ckj = —F= =
22(Cik,..., Ck)

where z1(.) : R™ — R, is a linear and increasing function and z3(.) : R™ — R, is

a linear and decreasing function in all of its inputs except ¢;i, as Mkc’”") = 0 by

construction. Hence, the derivative of Cj(Gg, A) with respect to w;; when w = @ can

be written:

0C(Gs, A)  Ocy; (@) _1_5,”,(%), (1.21)
ij

8wij N 8wi]~
Noting that:

9C(Cs.X) _ 5= 0o ¢, 5o B0HCs X))

awij awi] 8wij
Equation (1.21) implies:
80 Gs, aC]l - - 8Elj - 60 (Gs,/\)
owy, Zaww@ Dl C) e EE). (12
Given that:




OCki + . .
*L is increasing in ), wy,. Furthermore:
J

it is is clear that

ow;
Géjk | o _ ﬁwlk(nu?) - Zl wlkﬁ) _ ﬁwlk(n — 1) — Zl(wlk — wlk)
6wij wi=ln (mZJ)2 21)’)12 .
Hence, %]wj:m" is increasing in w;, and so the first term in (1.22) is an increasing
ij

function of ), w;,Cy.

Combining the above observations together, it follows that MB,; + MC;; > MB,; +
MCy; if it is the case that both CP(G) < CP(G) and Y, wir(G) <Y, wi(G). Hence,
in any solution to the platform owner’s maximisation problem, it must be the case that
wf; > wl}; for any solution to the platform’s optimisation problem.

Proof of Corollary 1.4

The result follows immediately from Theorem 1.2: it is in fact just a restatement of it
for the case where Y, wi(G) = >, wi(G).

Proof of Proposition 1.5

Recalling that C(Gs,A\)1 = > ;7  A*RE1 and the expression for the equilibrium price
vector it is clear that the complete network maximises the centrality of each node in
(G, which then minimises the price vector p for a given m. At the same time, given the
assumption that x;; > 0, for each consumer 7 and seller 7 in a complete network, which
implies that, holding price constant, ¢’s expected consumer surplus is increasing in each
weight w;;. Hence, consumer surplus is maximises when the network is complete.

Proof of Proposition 1.6

When ¢ = 0, the marginal cost associated with increasing w;; is zero. Furthermore, the
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marginal benefit of increasing w;; can be written as follows:

MB;; = avyp} — b(p;)>.

As this expression is greater than zero, it follows that the optimal graph is a corner
solution such that w;; = 1 for each ¢, j pair, which is the complete graph.

Proof of Proposition 1.7

In the case where each observation probability is equal to v, then a seller j's (un-

weighted) centrality in G is:

o0 c .
Ci(Gs. ) = Y (ulm = 1)
n=0
As j’s price is strictly decreasing in their centrality for all j, it follows that a;ﬁ 2 < 0.

This implies the platform owner’s maximisation problem has a unique global maximum

that solves the first-order condition:

o’ (v*; p*)

50 =0.

By the envelope theorem, we can express the marginal effect of a change in v as follows:

w = nfmap"(y —p") +2¢(m —1)°’p"0" (" =7) +e(v)(m—1) ) Z[%}i Ip*].

Hence, if ¢ increases, then v* (weakly) decreases in order for the first-order condition
above to hold. If c is sufficiently large, the the v* that solves the first-order condition

is such that v* < 1.
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on” (v*:p*)

5, - By the implicit function theorem:

Denote 77 =

* P

ot m,
=—— >0,

Ja k)

P

ve

as ml < 0. As 7 < 0, then by a similar logic % < 0.

Proof of Theorem 1.3

Suppose p* = %1,,1 and consider the case where p; is marginally increased by reducing

pr- The expected equilibrium price vector of the game I'c can be written as follows:

Blp*(C)] = 5 (v 4" E[C(Gs. Nl = p))

Noting that the expected price for each seller is equal in the case where p = p*, let
p* = E[pj(G)|p = p*] for all j. By the envelope theorem, we can express the gross

expected marginal benefit of increasing p; in a similar way to above
E[MB;] = nlagp*(y — p") + (m — 1)§cop*(p™ —7)].

However, increasing p; reduces pj by the same amount and, as MB; = MBy, it follows
that there is no change in the net marginal benefit associated with the proposed change
in observation probabilities. There is a change in the net marginal cost, which can be

expressed as follows:

_ -~~~ OE[p;]  OE[p;]
E[MC; — MCy] = n(m 1)c;( 5, P

JJa (1.23)

where ¢ is the expectation of ¢; for all ¢,[ pairs when p* = %lm.
Consider an undirected graph, GS, where an edge between j and k is equal to

Cjk = cw;jw;g, recalling that the directed edge between j and k£ in Gy is equal to
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Ci, = i;—j“ Also define \ = max{c;; } and C(ég, 5\) as a matrix whose jkth component is

. Note that the component of the centrality matrix C(és, 5\) isequal to o;; = >, ;\rl[?,

U

]

Cik
A

where r;; is the weighted walks of length [ that start at node 7 and end at node j. We

can express ¢;; = ¢j; as follows:

Eley] = enlpi(v + v + pj(v + v + (1 — p; — pj)v7].

Compare the expected sum of all the walks of length 1 in Gg when p = p* and when
p = p, which is identical to p* except that p;» = p; + € and p}e = p; — €. Given the

expression for the expected value of E|¢;;]:

Assume that m > 3. Consider the sum of the walks of length 2 in G‘S from a seller
i # j,k which can be expressed: ), > cycs. Again, compare this sum when p = p*

and when p = p’. The following observations apply:

e any walk from ¢ that does not run through 5 and k has the same value for both

probability vectors;

e excluding walks that end at ¢, the difference between sum of walks though j
but not k when p = p’ and when p = p* is equal to the absolute value of the

difference between sum of walks though k& but not j when p = p’ and when
p=p;
e the increase in the value of the walk that runs from ¢ through j and back to ¢ is

larger than the decrease in the value of the walk that runs from ¢ through £ and

back to 7 for all i.
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The last result holds because E[¢%(p*) — é(p)] :== A¢% > |A¢%| when v > 0. This
inequality implies that the increase in the value of the sum of walks of length 2 starting
at j is larger than the decrease in the sum of walks of length 2 starting at k. Hence,
the sum of all the walks of length 2 starting at any i # k is greater when p = p’ than

a'C;(Gs,N\)
e

when p = p*. The same logic applies for walks of length [ > 2, as > 0 for all

[. It follows that:

E[Ci(Gs, N)|p = p*] <E[Ci(Gs.\)lp = pi # k.

The effect on the centrality of k is ambiguous: the sum of shorter walks starting at k are
smaller when p = p’ than when p = p*, but the sum of longer walks are potentially
larger. However, as Ac¢j; > |Acj| for all n > 2, the decrease in k’s centrality is less
than the corresponding increase in j’s centrality.

Furthermore, as the above argument does not rely on the value of p, and therefore
the above result applies to any increase in some probability p; for any corresponding
decrease in p, where p; > py. Hence, increasing the probability that a seller is prominent
increases the sum of the sellers’ centralities in the undirected graph G s, which can be
thought of as capturing an increase in the concentration of competition on the network.

&

Now consider the directed graph G's. Recall that ¢;; = 7 and thus ¢j; is convex in
(1]

ij

Bj for all ¢ and j. Consider the sum of all walks of length 1, Ar

i=1 j=1
Note that the >~ 3; = S for any realisation of the adjacency matrix R. Hence, if v > 0
and m > 2, increasing p; above % shifts the probability mass realisations of R in which

. .  which, gi . 7 :
B; is relatively large, which, given each ¢;; is convex, implies the following
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Elvl]lp = o] < ENlp = 016" # 5",

¢ji € U

walks of length 2 are all of the form: 5

. Hence, each of the walk of length 2 starting at
J is also convex in ;. In fact, as walks starting at j of walk length k£ > 2 are functions
of 2 B where r > 2, it follows that each walk of length £ is also convex in ;.

The preceding analysis indicates that increasing p; above % increases the probability

of realisations of R in which both:

1. The sum of the unweighted walks >, > ¢[; are larger than E[ >, > . ¢;|p = p”]
for all r > 2 (assuming m > 2);

2. Bj > Br k # j (an effect which occurs for all m > 2).

Hence, increasing p; above % shifts the probability mass towards outcomes in which

S Z )\T[Q] is larger than E| >, Z )\rw |p = p*] for all ¢ > 1. This implies that for

all ¢ € [1,00].:

ED Y Nl = p") <ER Y Nrflo=plp# o
i i
The above expression in turn implies that:

E[ZC Gs, Nlp = p] <E[ZZC GsNlp=p].

=1 i=1

It follows that the sum of the price changes as a result of a change from p* to any
probability vector p # p* is negative. Note that, as argued above, the solution to the
platform owner’s first-order conditions must solve equation (23). Given that the sum
of the price changes as a result of a change from p* to any probability vector p” # p*

is negative, it follows that the the only solution to the first-order condition in (1.23) is

p=p"
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Proof of Proposition 1.8

Without loss of generality, let seller 1 be a seller with intercept parameter 7, = v and let

pr=1—=>"7", p. For any solution p** to the platform owner’s maximisation problem

that is interior, the set of first-order conditions for the platform owner’s problem is:
—aﬂpgp’; P) _owi

Define p; := E[p;(G)|p]. By the envelope theorem, we express the gross expected

marginal benefit of increasing p; as follows:

E[MB;|p = p*] = nla&pj(v; — p}) + Z pj — )] > E[MBy|p = p*]Vk.

As v; > v the net expected marginal benefit of increasing p;, E[MB,|p = p*| —
E[MB;|p = p*] > 0. Furthermore, note that E[MB;|p = p*] — E[MB4|p = p*] is lin-
early increasing in a.

However, it is also the case that E]MC,|p = p*|-E[MC,|p = p*| < 0, which follows

from the fact that:

Elp;]  9E[p;]
Opj Ipy

E[MC; — MCy] = —en(m — 1)(y; — ) +n(m — 1) 52 0 ).

The first term of this expression is trivially less than zero as (y; —y) > 0. The second
term is also negative because a marginal increase in p; increases E[ ), ¢;7y;] more than
a marginal decrease in p; decreases E| ), ¢i1,71] because, again, (y; — ) > 0. This

implies that:
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OE[C(Gs, ]  OE[C(Gs, Al
>
Opj Ip1

Y

OE[p;]  OE[p;]
9pj 9p1

which implies that < 0 for all .. However, note that the expression in
(24) is not a function of a. As E[MB,|p = p*] — E[MB,|p = p*| is increasing in q,
there exists an a such that if a > a, p* cannot be a solution to the platform owner’s

maximisation problem.
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Chapter 2

Rating the Competition: Seller
Ratings and Intra-Platform

Competition

2.1 Introduction

Many online platforms allow users to rate products on their platform. These ratings
have many potential uses, including revealing to buyers their own valuation for products
on offer. Another way in which product ratings are used is to determine the likelihood
that sellers are observed by buyers. Given that buyers do not tend to observe every
seller on a platform (see, for example, Ringer and Skiera, 2016 and Kim, Albuquerque
and Bronnenberg, 2010), the choice of which sellers buyers observe will affect platform
profits. Many online platforms use ratings as one of the inputs that determine how
search results are ordered (Dinerstein et al, 2018). We analyse the incentive of a profit-

maximising, monopolistic platform owner to use ratings as a means of determining the
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prominence of a seller on a platform.

Analysis of real-life online platforms reveals that there are differences in how im-
portant ratings are in default search settings. Platforms like Amazon, Airbnb, Jet.com,
Wish.com, and Trivago appear to use these ratings as part of search algorithms, but
are not used to directly rank products as default. Other platforms, like eBay, FEtsy,
Newegg and Zibbet do not to utilise ratings as part of their default search options (see
Dinerstein et al, 2018 for a detailed account of eBay’s change of search algorithm).
Our analysis examines what drives the relative importance of ratings in the search
algorithms of these online platforms.

To give an example of the problem under consideration, suppose there is a market
with three products, X, Yand Z, where X is more highly-rated than Y and Y is
more highly-rated than Z. A platform owner chooses two aspects of the search process
in order to maximise joint network profits: (a) the baseline probability that any one
product is observed and (b) the relative prominence of highly-rated products. For
example, the platform owner can choose both the number of search results displayed
for a given query and whether those search results are ordered according to ratings (i.e.
X, Y, Z) or randomly (e.g. Y, Z, X).

We find that there is a trade-off inherent with choosing to positively weight the
observation probabilities according to a product’s rating. On the one hand, there is
an incentive to bias the search process towards highly-rated sellers because doing so
increases the probability that buyers observe high quality sellers. Buyers also demand
more of the products sold by highly-rated sellers for a given set of prices, which im-
plies that matching buyers to these sellers increases expected profits, if prices were
independent of the search process chosen by the platform owner.

However, making it more likely that highly-rated sellers are observed causes compe-
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tition to become more concentrated across the network. highly-rated sellers are more
likely to compete with each other than in the case where matches are random. This
fierce competition between a subset of the sellers in the network more than offsets the
fact that sellers with a low rating are less likely to compete with one another. highly-
rated sellers have a lower price than is the case were matching random, and all sellers
on platform, including those with low ratings, respond by reducing their prices as well.

The optimal price-setting behaviour of sellers for a given network when sellers com-
pete a la differentiated Bertrand is examined in Chapter 1. There, we characterise
optimal price setting in terms of the sellers’ Bonacich centrality in a secondary network
in which the strength of connection between sellers is determined by the probability
that they will competing for the same buyers once buyers and sellers are connected.

We use this differentiated Bertrand competition in a network framework to look at
a case in which the preferences of buyers are stochastic with respect to the intercept
term of their demand functions, capturing randomness in the valuation a set of buyers
has for a seller’s product. Each intercept term is assume to be composed of a “quality”
component, which is reflected in average ratings, and an idiosyncratic component, which
is not.

We examine the platform owner’s optimal choice of information environment in
such a setting, which is assumed to take place prior to the realisation of the consumers’
preferences and therefore any rankings of the products on the platform. We also analyse
how changes in parameters in the model affect that optimal choice and how the relative
profitability of a purely ranking-based information environment compares to that as
the variances of the quality and idiosyncratic components of the valuation parameter
changes.

If products become less substituable, the concentration of competition effect reduces,
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increasing the profitability of information environments where buyers: (a) are more
likely to observe sellers in general and (b) are in particular more likely to observe
highly-rated products. Similarly, in a market where buyers are particularly sensitive to
quality, there is a greater incentive to ensure that they are matched with high quality
products. In such markets, the platform owner will increase the extent to which search
is biased towards high quality products.

We examine the profitability of an environment where search results are biased in
this way and compare it to the case where matches are random. The latter environment
yields more profit when buyers are not particularly sensitive to quality, as the cost
imposed by more concentrated competition outweighs any benefit associated with high
quality matches.

Furthermore, as the variance of the component of the buyers’ valuation that is
idiosyncratic increases, the benefit of random match increases. Using ratings to bias
search increases the probability that buyers miss out on high quality matches with a
surplus largely composed of the buyer’s idiosyncratic preference towards the product.

If buyer demand is sufficiently sensitive to quality, these effects are dominated by the
benefits associated with matching buyers to high quality sellers. Our analysis therefore
suggests that the nature of the market or markets that the platform hosts is crucial for
determining the extent to which ratings are used to rank products. In markets where
quality is a large driver in consumer demand, such as the hotel industry, ratings-based
search increases profits. However, in markets driven largely by idiosyncratic demand,
such as arts and crafts, random match may be preferred.

Consumer surplus is increasing in the probability that a consumer segment observes
a seller and is decreasing in prices. As in Chapter 1, a benevolent central planner would

set the baseline probability that buyers observe sellers to 1, so every consumer segment
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would observe every seller, generating the lowest possible price vector.

We also characterise the conditions under which the central planner would prefer
the ratings-based environment over random matching. When the total probability of
observation between the two environments is the same, the ratings-based environment
is preferred because in expectation it creates higher-surplus matches and lower prices.
When the platform owner does not use product ratings to bias search results, therefore,

they likely do so at the expense of consumer welfare.

2.2 Literature review

Our modelling approach sits within the competition on networks framework, treatments
of which include Ballester, Calvo-Armengol and Zenou (2006) and Bramoullé, Kranton
and D’Amours (2014). Papers in this framework show the existence and nature of
equilibrium actions in a network context when players actions directly affect the payoffs
of players they are connected to. The games on network approach has been applied
to competition in markets in, for example, Elliott and Galleotti (2019) and Bimpikis,
Ehsani and Ilkili¢ (2018).

There are a number of empirical studies that examine the effect of information
design on the structure of competition in networks. The most prevalent of these simply
attempt to capture the effect of product or seller ratings. For example, Chevalier and
Mayzlin (2006), Vana and Lambrecht (2020) and Fradkin, Grewal and Holtz (2017) all
examine the effect of ratings on demand on a range of online platforms, finding that
ratings have a positive effect on demand, which validates our assumption that ratings
are a means of identifying high-quality or highly demand products.

A more pertinent empirical study to this paper is Dinerstein et al (2018). The
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authors estimate a model in which platform owners choose the probability that buyers
observe sellers on the basis of their price and quality. They assume that platform
owners aim to maximise consumer surplus, and find that increasing the probability
that low-price sellers are observed increases competition but reduces the probability
that consumers do not observe high quality products. This trade-off is central to the
model the authors use to estimate the effect of a change in eBay’s search algorithm.
They find that a reduction in posted prices is the result of observation probabilities
being driven by seller price.

The search on platforms literature considers the effect the determinants of search
have on the nature of competition. Choi, Dai and Kim (2018) analyse the case in which
oligopolists compete on prices when prices partly determine the probability of being
observed. In this context, a fall in search costs leads to a rise in prices because sellers
are less concerned about not being observed, since their price is too high. Armstrong,
Vickers and Zhou (2009) and Armstrong and Zhou (2011) show that search prominence
affects competition and prices, with more prominent sellers setting lower prices and less
prominent sellers setting higher prices, the overall effect being higher profits.

Our result that there are potential ex-ante gains for the platform owner generated
by consumers observing high quality products shares features with the results found in
work analysing the incentive of monopolists to reveal information relating to consumer
valuations. Lewis and Sappington (1994) and Myatt and Johnson (2006) both show that
a monopolist either has an incentive to full reveal information or reveal no information
at all when the consumer is uninformed about their own preferences.

Recently, there been some analysis of the more specific problem of the incentive a
platform owner has to reveal information to sellers and buyers when both are initially

uninformed about buyer preferences. Armstrong and Zhou (2020) show that too much
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information revelation is potentially profit reducing ex ante, because it results in cases
where, ex post, sellers compete aggressively with one another because they are not suf-
ficiently differentiated. Elliott and Galleotti (2020) examine a case where the platform
owner knows consumer preferences and chooses what information to pass on to firms,
allowing the authors to characterise the conditions under which the platform owner can
generate perfect segmentation.

The last two papers discussed fit into the wider Bayesian persuasion framework,
which was introduced in Kamenica and Gentzkow (2011). The Bayesian persuasion
literature examines how information revelation by one agent can be used to shape other
agent’s or agents’ equilibrium behaviour in order to maximise some payoff. Applications
of this framework to an industrial organisation context include Bergemann, Brooks, and
Morris (2015), which examines third-degree price discrimination in the case where the
firm is uninformed but consumers are not and Chen and Zhang (2020). While the basic
nature of our analysis shares similarities with this class of problems, we examine the
case where an uninformed agent is able to choose, ex-ante, how information can be used

to shape the nature of the interaction between two, at least partially, informed agents.

2.3 The model

Suppose that there are a finite number of consumer segments, each composed of po-
tentially a large but finite number of buyers. Each buyer within a consumer segment
shares some trait, such as geographical location, age demographic, occupation etc. Call
the set of these consumer segments B and suppose that |B| = n. Let S be a finite
set of sellers and where |S| = m. Sellers each sell a single type of completely divisible

good, and each seller’s good is an imperfect substitute for each of the goods.
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Sellers and consumer segments interact on a platform. A consumer segment, ¢,
observes a seller j with probability w;;, which is generated by an observation function
discussed below. The observation process generates a weighted network G = (BUS, F),
where E' is the set of weighted edges from S to B, where each consumer segment can
be thought of as a node in the graph G. G has an adjacency matrix, R, which is a
zero-diagonal matrix with components w;;.

We will assume that the following ex-post demand function captures the demand of

a group of buyers i for a product j':

zij(p) = bla — p;) + 0;7i; + Z c(pr — a). (2.1)

where a,b,c € Ry. We will suppose throughout that each ~;; is stochastic. More

specifically, assume that:

1
Yij =V + g Cii-

(2
where both v; and ¢;; are random iid variables with continuous and symmetric distri-

bution supported on bounded intervals [y, vy| and [er, eg], with means 7 and 0 and

2

5 > 0 and 02 > 0 respectively. The first of these terms can be thought

variances o
of capturing the relative “quality” of product j, whereas the second captures the id-
iosyncratic value consumer 7 derives from j. Goods are therefore both vertically and
horizontally differentiated.

The parameter 0; € {f,0y} then captures the extent to which consumer segment

¢ values quality relative to their idiosyncratic assessment of the good. We will assume

that all of the elements of the buyer’s demand function, which are non-stochastic,

'While the settings in Chapters 1 and 2 are similar, there are differences in the notation used.
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including 6;, are common knowledge. As in Chapter 1, we also assume that z;; > 0,
which is guaranteed when b is sufficiently large, the conditions for which we discuss in
more detail below.

Once the value of each v;; is realised, consumer segment i’s ex-ante expected demand

function for a good j can be represented by E[z;;(p,vi;)] : R™™ — R:

Efzi;(p)] = wij(bla — p;) + 0755 + Y clpx — a)).

k=1
Define as j’s expected demand function, E[z;(p,~v;)] : R™*" — R where v; is an x 1

whose ith vector in the following way:

Bl (p)] = Y Elry)

Then, assuming the marginal cost of each seller is zero, the profit function for seller j

is:

E[m;(p)] = p;Elz;(p)].

Sellers are assumed to observe the entire graph G: they observe the matrix of obser-
vation probabilities. On the basis of this observation, sellers choose their prices. A
seller, j, is assumed not to be able to price discriminate across buyers, and hence each
sets a single price p; € Ry. Sellers compete with one another on price, and set prices

simultaneously. Therefore each seller’s maximisation problem can be expressed as:

max 7;(pj, p_;; G).
P
Having characterised the game played by the sellers given the graph G, it is necessary
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to set out how G is determined. Define the rating of a product j as follows:

Ratings are then the averaging of the result of a process in which previous sets of buyer
reveal their intercept parameters. By the law of large numbers, as n — oo, 4; =P ;.
We will assume throughout that n is sufficiently large such that 4; is very close to ;.

Having set out the demand function of the buyers, it is necessary to outline the
observation process of the buyers. We will assume that the probability that a buyer ¢

observes a seller j, w;;, is determined in the following way:

v Ry — EEE) i o (g — ) <1
wij(v, /ﬂii) = ) (22)

where v € R, is the default probability that a consumer segment observes any of the
sellers and k; € R is the weight the observation function of ¢ places on above average
ratings. When «; > 0, if a product’s rating is relatively high, the probability that they
will be observed is greater than a product with a lower than average rating.

Note that (2.2) implies that the expected observation probability is equal for each
seller, and the expected sum of every observation probability is also equal. Throughout
we will assume that m is sufficiently large such that % is within ¢ of 4 with high
probability, and for simplicity we will write the observation function as if % =7.

Let k represent an m x 1 whose ith component is k;. We define I'(v, k) as the
simultaneous move m-player game for the vectors v and k with payoffs as specified in
(2.6) and strategy spaces Ry . Section 2.4 will outline the equilibrium price vector for

a given ['(v, k). Given the equilibrium price setting behaviour, the platform owner is
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assumed to choose v, kK that maximise the following function:

We will assume throughout that the platform chooses v and k prior to the realisation
of the consumer preferences. Hence, the timing of the model can be summarised as

follows:
1. The platform owner chooses v and the vector k;
2. Buyer preferences are realised and the ratings vector 4 is thus realised;
3. The realisation of 4 generates a graph G}
4. Sellers set prices according to G.

In the next section we discuss the platform owner’s choice of Kk and v in more detail.

2.4 Determining observation probabilities

Equation (2.2) in Section 2.3 defines an observation function that determines the prob-
ability that each consumer segment observes each seller. The platform owner’s choice of
v and k then determines the structure of competition in the network: the more obser-
vation probabilities are affected by a seller’s rating, the more competition among highly
valued sellers. This has implications for the competition structure of the network: com-
petition is more concentrated, with some sellers competing much more fiercely than in
a case where the observation function is unaffected by seller ratings, which (all else

equal) will lead to lower prices.
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We will largely restrict our analysis to the case where x; = x for all 7. In this case,

the probability that ¢ observes j can be expressed:

vtr(f—7) fo+s(f—-79) <1
wii(v, k) = Vi. (2.3)
1 ifo+k(y—7)>1
The probability that a buyer observes a seller j is increasing linearly in both the infor-
mativeness parameter v and the difference between j’s rating and the sellers’ average
quality. Notice that w;; = w;; for all 4,1 pairs, and it is therefore not possible for the
platform to differentiate between different buyers in this setting.

In Section 6, we consider the case where the platform owner chooses the optimal
observation function, in the sense that they maximise their profit by choosing the
optimal level of v; and k; for a given set of model parameters. This captures the notion
of the platform owner being able to optimally bias their search process towards sellers
with high ratings.

In Section 7, the platform owner is unable to choose x explicitly, due to e.g. technol-
ogy constraints, and instead faces an observation function with a fixed x and is only able
to choose between making ratings public or not. If they make the information public,
the information environment is “ratings-based”, while if they do not, the environment is
said to be a “random match” environment. These two environments generate different

structures for a given realisation of the rankings vector 4, as Figure 2.1 shows.
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Ratings-based Random match

Sellers, set S

Buyers, setB

Figure 2.1: Ratings-based and random match environments where the product quality
parameters are as follows: 44 > 45 > 4¢. The thicker a line, the higher the probability
of observation.

The graph generated by the ratings-based environment is such that buyers are more
likely to observe highly-rated sellers, hence, highly-rated sellers are more likely to com-
pete with one another than they are with sellers with a lower rating. In contrast, in the
random match environment the probability of observation is the same for each buyer-
seller pair, which implies that competition is less concentrated. The concentration of
competition, as we will see, has an impact on the nature of competition and equilibrium

prices, which in turn affects network profits.

2.5 The price setting equilibrium

To characterise the equilibrium price vector of the sellers competing in G, it should be

noted that buyers are not strategic agents in the game, and therefore it is possible to
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define a network which is strategically equivalent to an original network G, but only
includes seller nodes. Such a network can be used to characterise the equilibrium of the

game ['(v, k). Define:

n

oy = Z[wzj(v, Kji)(ab + 91’}/”) — éjk;

i=1
where:
n n
Cik = E E acw;;j (v, ki) wi (v, K;).
k=1 i=1
Also, define:

n
B =a Z w;; (v, K;).
i=1

Transforming the profit function in (2.6) to put it in terms of a seller-only network

yields the following payoff function for seller j:

mi(p) = pi(ay — Bip; + D Ewp);
k=1

Rescaling (2.6) by 1/; and multiplying by 1 generates the following:

m—1
N 1 _
7i(p) = Py =S¥ + Y Eupiph
k=1

1 1A
~ 55 ~ 5C5 . . . ~
where &; = ZB—J and ¢ = 26—”“ The maximisation problem max,, 7(p;) has the same
J J

set of first-order conditions as the one which involves maximising a vector containing
the profit functions in (2.6). Define A = max{c;x|j # k} and Rs as a symmetric zero

diagonal matrix of a network Gg with entries EJT’“ As in Chapter 2, this transformation
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yields a competition network, Gg, which is a projection of G.
Let a represent a m x 1 vector with element j equal to ;. To ensure that there is
a unique equilibrium in this setting, it is necessary to specify a condition under which

demands are all positive for any equilibrium. Define Z5 as follows:

Zs = [I — A\R¢] ay,

where R¢ is the adjacency matrix of the complete seller-only graph, with w;; = 1 for
all 7, j pairs and &y, denotes the vector & when 0v;; = 0~ + ¢, for all 4, j pairs.

Let «; denote the m x 1 vector when the latter equality holds and X denote a m xm
matrix with each diagonal entry equal to b and each of its off-diagonal components equal
to —c. It is clear that X(a — Z) is increasing in b. Moreover, there exists a b € R,
such that if b > b, then X(a — Z5) + v > 0.

Define C;(Gg, ) := [I — ARs]™'&, which is the weighted transformed Bonacich
centrality measure of the network Gg. The following proposition, which characterises

the equilibrium price vector then holds:

Proposition 2.1. Suppose that b > b. Then the game I'(v, k) has a unique Nash

equilibrium in pure strategies, which s the equilibrium price vector:

p*(U, K) = C&(Gs, )\) (24)

iff (I — ARg) is positive definite.

There exists a unique Nash equilibrium price vector for a game I'(v, k) which is equal to

the Bonacich centrality of the sellers in the network G g multiplied by &, assuming that
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(I — ARg) is positive definite and at the equilibrium vector of prices, each consumer
demands a non-zero amount of each good.

The assumption after the “iff” statement in Proposition 2.1 guarantees that, for
whatever the structure of the graph G and the realisation of the set of intercept pa-
rameters, z;; > 0 for all 7, pairs. Specifically, this assumption states that, even if
the graph structure results in the most competition possible (i.e. it is complete) and
demand is as low as possible, x;; > 0. This guarantees the existence of an equilibrium.

Define I'.(v, k) as a game in which 6, = 0y = 6, (I — ARg) is diagonally dominant

and b > b. Also, define:

w; = i1 ivij

Bi
Let w denote a m x 1 vector whose jth component is w; and, abusing notation slightly,
let C = C(Gg, ). Let E|[p(v,k)| denote the expected price vector for v and . Under

the assumption that there is no difference between types, it can be shown that equation

(2.4) in Proposition 2.1 can be written as follows:

Blp* (v, 5)] = %m _ E[Cla + 0E|Cw]), (2.5)

where a is the vector al,,. Hence, there exists a § € R, such that if § < @, then seller
j’s expected price is decreasing in their weighted expected Bonacich centrality for all

4. Throughout, we will assume that § < 0.
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2.6 Weighting ratings

We will examine the platform owner’s choice of optimal observation function, where
the platform owner is able to optimise their payoff with respect to both the expected
observation probability (v) and the extent to which the observation function is biased
towards highly-rated sellers (k).

First, we will consider a case where the observation probabilities are of the form
specified in (2.3). The probability that a buyer observes a seller j is increasing linearly
in both the informativeness parameter v and the difference between j’s rating and the
sellers’ average quality. Notice that w;j(v, k) = wi(v, k) for all ¢, pairs, and it is
therefore not possible for the platform to differentiate between different buyers.

To understand some of the trade-offs inherent in the platform owner’s maximisation
problem, it is useful to suppose at first that the platform owner can only choose v and
that « is fixed at 0. The platform owner then solves the following problem:

max,mp(v, K).

An increase in v has two effects on profits. Increasing v increases the probability that a
given buyer is observed increases expected sales, which increases profits. However, there
is a cost to increasing v: it results in there being a higher probability that buyers observe
more sellers, which creates more competition across the network. More competition
reduces demand for any one good and reduces prices, decreasing profits as well.

To see the trade-off the platform owner faces more formally, we will split the marginal
effect of v into two parts. At the equilibrium value of v, the marginal increase in profits
associated with an increase in the probability that each buyer observes each seller can,

by the envelope theorem, be expressed as follows:
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MB, = nx Y E[p;(ba + 6v; — bp})|w; < 1],
J

where p7 is seller j’s price at the equilibrium. The expected marginal cost in terms of

increased competition can similarly be defined:

m

MC, = x Z E[Z 2unep;(py, — a) + Z Z[ékl
i k=1

P,
&f]pl lw; < 1.

=1 k=1

When x = 0 and the solution is interior, the platform owner’s profit is maximised when

the marginal benefit and marginal cost sum to zero. The following proposition holds:

Proposition 2.2. Suppose k = 0 and that the game I'.(v,0) is played after the platform
chooses v. If there is not a unique solution to the platform owner’s above maxrimisation
problem, then inf{maz,75(v,0)} = 1. Otherwise, there ezists a unique optimum, 0 <
v < 1. Furthermore, U is decreasing in c, and hence there exists a ¢ € R such that if

c >, then v < 1.

Seller, j’s equilibrium price is decreasing in their Bonacich centrality, which is convex in
v. Hence, the marginal cost associated with increasing v is convex, while the equivalent
marginal benefit is linear. Hence, either a corner solution obtains (i.e. v* = 1 is
a solution to the platform owner’s optimisation problem) or there exists a solution,
where v = ¥ < 1, which is a unique solution to that problem.

Increasing v increases the level of competition in the network. If ¢ is sufficiently
high, then products are so substituable that the platform owner is willing to forgo some
of the profit associated with buyers observing sellers for certain in order to increase

prices. This is a result that is consistent with that found in Chapter 1: the platform

owner faces a trade-off between expected sales on the one hand and competition and
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lower prices on the other.

Now, consider the case where the platform owner chooses k as well as v. Increasing
k has the effect of increasing the relative weight placed on j’s rating when determining
the probability that j will be observed. Define the platform owner’s profit maximisation

problem as follows:

max, , Tp(v, K) (2.6)

Theorem 2.1 characterises the solution to this maximisation problem in terms of x as

follows:

Theorem 2.1. Suppose v < 1 and that the game I, is played after the platform chooses
v and k. Then there exists a ¢ € Ry where if ¢ < ¢, then the first-order conditions
of the above mazimisation problem are uniquely solved by the vector (v*, k*) such that

k* >0 and v* < 0.

The assumption that ¢ < ¢ guarantees that the platform owner’s profit maximisation
problem is concave in £ and v, and will be maintained throughout. Theorem 2.1 is a
result of a trade-off the platform owner faces in making x > 0. A positive k* results
increases the probability that a high quality product is observed for a given level of v.
Buyers demand more high quality products for a given price level. Hence, if they are
also more likely to observe those products, then the platform owner’s profit is increasing
in the variance of the quality parameter, holding prices constant.

At the same time, x* being greater than zero has implications for the structure
of competition on the network. Tt implies that highly-rated sellers are more likely

to be competing in more markets (ex-post) and are in particular more likely to be
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in competition with one another. Specifically, the higher x, the more concentrated
competition is between highly-rated players. If the probability that a seller competes
with a set of sellers is high, then this has a disproportionately large effect on the prices
of the other sellers. In the model, this is the result of the fact that a seller j’s centrality
in the graph G is convex in the weight between j and k, ¢;p.

Intuitively, there being a-higher-than average probability that two sellers compete
with one another drives their own prices down, which propagates across the network.
Weighting the observation function by rating results in high quality sellers competing
with one another with relatively high probability, driving down prices. The effect of

concentrated competition is depicted in Figure 2.2.

!

A and B impose a relatively large competitive
constraint on C, both directly and indirectly — A
faces competition from B, which then affects C

Figure 2.2: The effect increasing x above zero has on competition, where 44 > 45 > j¢.

Hence, the platform owner faces a trade-off between increased revenue (holding prices
constant) resulting from buyers observing high quality sellers and the fact that increas-
ing the probability highly-rated sellers are observed increases competition. Assuming

the optimal network structure when x = 0 is not just the complete graph (i.e. assuming
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0 < 1), then at k* = 0, the benefit of increasing the probability a high-quality seller is
observed outweighs the cost associated with more concentrated competition and hence
there is an incentive to set x* > 0.

To see the benefit of raising x above 0 formally, it is useful to consider the marginal
benefit of increasing x on profit when x = 0, defining this marginal benefit in a similar

way to the way in which we defined MB,, above:

MB, := x> E[(%; — 7)1} (ba + 6; — bp})|w; < 1].
j

When E[y?] > 7* (i.e. when o, > 0), MB,. > 0. As the marginal cost of increasing  is
close to zero when k = 0, it follows that x* > 0.

When x > 0, the marginal cost of increasing v increases, while the marginal benefit
remains constant. Hence, the optimal level of v is falling in x, which implies that
v* < ©. Given that the platform owner’s profits are submodular in &, v, this is an
application of Le Chatelier’s principle (Milgrom and Roberts, 1996). Setting x* > 0
concentrates competition, and the platform owner therefore has an incentive to reduce

the baseline observability of every seller in the network to reduce competition.

Prices and comparative statics

The above analysis raises the question: what is the effect of x being strictly positive on
prices? To illustrate the effect of biasing observation probabilities on prices, we simplify
the analysis by assuming that v is fixed at the optimal point when x = 0, ©. Then

suppose the platform owner chooses x such that they solve the following problem:

max,mp(0, K). (2.7)
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Given that % < 0, the first-order condition W = 0 defines a unique solution
to this problem, assuming v = 0. Denote this solution <. Then the following result

holds:

Proposition 2.3. Suppose v is fized at 0 and the platform owner solves the maz,wp (0, K).

If o < 1, then E[p(0,0)] < E[p(v, k)]

Increasing x results in more concentrated competition in the network, reducing
expected prices for a given ©. High quality sellers are in competition with one another,
which increases competition and lowers prices. Even in the case where prices are lower
as a result of biasing buyer observations to high quality sellers, the platform owner is
willing to lower prices in order to increase the probability that higher quality sellers are
observed.

Let % again denote the solution to the platform owner’s maximisation problem in

(2.7) when v = v < 1. The following results hold:

Proposition 2.4. If k denotes the unique solution to the platform owner’s maximisa-

tion problem stated in (2.7) and © < 1, then 9% < 0 and %% >0 .

As the sellers’ goods become more substituable, the cost of a given level of competitive
overlap between the sellers increases. Hence, as ¢ increases, prices are lower for a given
level of k. An increase in c increases the effect of the concentration in competition
implied by x > 0. highly-rated sellers compete with one another with higher probability
when xk > 0, and the relative strength of this competition effect is increasing in product
substitutability.

As 6 increases, the marginal benefit of increasing s also increases. This follows

because (a) %B= = X 2% =) (v;) > 0 and (b) % > 0 by equation (2.5). It follows

that x* is increasing in #. Intuitively, as the extent to which buyers value quality
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increases, the value of matching buyers with high quality products also increases, which
implies that the optimal value of kK must rise.
The results thus far have considered the case in which the observation function is

the same for all buyers. We relax this assumption in the section below.

Heterogeneous consumer segments

Thus far, we have assumed that the observation function is the same for each group of
buyers. In this section we relax these assumptions, examining the effect doing so has
on the platform owner’s choice of observation function.

First, assume that, rather than choosing a single parameter x, the platform owner
chooses an observation function for both high-type buyers and low-type consumer seg-
ments. Recall that a seller for whom a; = ay is a low-type consumer segment and a
high-type segment is similarly defined. A high-type segment is more sensitive to quality
than a low-type segment.

Let i € {L, H} denote a consumer segment’s type, and let wy,; denote the probability
that a low-type segment observes a seller j. We write the observation probability

function as follows:

vt k(=) ot Ry —-7) <1
wij(v, /fi) = .
1 ifU+lii(’3/j—’7)>1
where r; € {L, H}. We therefore allow the observation probabilities for a given seller
to differ between types of consumer segments.

To illustrate the effect of introducing heterogeneous consumer segments, we suppose

that Oy = 0, + ¢ < 0, so that high-types only have slightly more demand for a given
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set of products. Under this assumption, it is clear that each seller’s price continues to
be decreasing in their centrality. To simplify the problem further, we assume that v is
fixed at some point such that v =v < 1.

Given the above assumptions, the platform owner’s maximisation problem can be
expressed:

* .
maxy, o, Tp(kL, ki 0),

where 6 = (01,05)T. The above maximisation problem has two first-order conditions

such that:

Omp (7, K3y 6)

8/@-

=0fori=1L,H.

The following proposition outlines the effect of an increase in fg on a solution to these

conditions, k7 and K
Proposition 2.5. Suppose that v < 1. Then % <0 and % > 0.

As 0y increases, the difference in demand for high quality products from high-type
and low-type consumer segments increases. Therefore, when 0y increases, the plat-
form owner has an incentive to increase the probability that high-types observe those
products above the probability that low-types observe them by increasing 7.

However, by increasing the probability that high quality sellers are observed, the
platform owner concentrates competition between high quality sellers. This has the
effect of reducing prices. To partially compensate for this price effect, the platform
owner has an incentive to reduce the probability that low-types observe high quality
sellers by reducing x7 .

In the profit-maximising solution, then, the platform owner is willing to sacrifice
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high value matches for low-types in order to reduce the price effect associated with
increasing the probability that such matches take place for high-types. The optimal

graph resulting from this trade-off is depicted in Figure 2.3.

H | L | L ||

Figure 2.3: The optimal graph structure where 44 > 45 > 4¢. The letter on each buyer
group reflects their type.

The probability that the high-type segment observes the high quality product, A, is
higher than for the same probability for low-types, who are less likely to observe A
than they would be had the high-type been a low-type instead. More generally, this
analysis implies that the platform owner has an incentive to ensure particular consumer
segments observe high quality products and other segments are far less likely to observe

these products, implying that consumer targeting is likely to be profitable.

2.7 The profitability of matching environments

Section 6 outlined the trade-offs faced by the platform owner when choosing the weight
to place on ratings in order to maximise profit. We consider a constrained decision

problem in which the platform owner chooses whether to make ratings public or not.
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In doing so, it is possible to further illustrate the trade-off between matching and
concentrated competition found previously, as well as chracterise the effect an increase
in the idiosyncratic valuation variance has on the profitability of using ratings to shape
the observation process.

We conduct a profitability comparison between two environments with observation
functions of the form in (2.9), but with two different sets of values for x and v: the
“random match” environment, where k = 0, and another where k = k£ > 0; the “ratings-
based” environment. We will assume throughout that 6; = 6 for all i.

Denote the platform owner’s profit function 7p(v,0;6, 0., c). The profit generated

by the random match environment can be defined as follows:

ma(c, 0c,0) = max,er, mp(v, 056, o, ).

Define argmax,cgr, 7p(v,0; 0, 0, c) = 0. Then the profit generated by the ratings-based

environment can be defined:

r(c,0¢,0) = mp(0,R; 0, 0., C).

The random match environment generates the maximum profit for the platform, con-
ditional on their only being able to choose v when x = 0. To make the comparison
between two environments as tractable as possible, we assume that the rating-based
environment is such that v = ¥ and k = k. The baseline between the two environments
is therefore the same, but there is a fixed bias towards highly-rated products in the
ratings-based environment which is not present in the random match environment.
The preceding analysis draws out the relative costs and benefits associated with the

two information environments. A ratings-based environment results in buyers observing
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high quality sellers with a higher probability. However, such an environment results in
more concentrated competition between highly-rated players, resulting in lower prices.
The bias towards highly-rated sellers also increases the probability that a high-surplus
match generated by a high idiosyncratic valuation is missed, as it increases the prob-
ability that a relatively lowly-rated seller is not observed by a buyer that values their
product relatively highly.

A “random match” environment, in contrast, results in observation probabilities
being equal across the network. This implies that the competition effect associated
with one set of sellers being more central than others is not present. However, such
a structure results in a lower probability of buyers observing a highly-ranked product,
which reduces profits, all else equal.

To make a profitability comparison between the two environments meaningful, we
will assume that there exists some 6* such that both: (a) v(6*) < 1 and; (b) it is the
case that k is the optimal x when 6 = 6* and v = ©. That is, §* satisfies the following

expression:

argmax,cp, 7p(k, 0; 0", 0., ) = R. (2.8)

That is, when # = 6*, & is the unique solution to the platform owner’s optimisation
problem if they were able to choose k. We are therefore assuming that the vector (0, &)’
will be the unique solution to the unconstrained maximisation problem of the platform
for some value of 6, 0*. This is reasonable in that the platform owner’s profit function
is concave in k, which implies that if v = ©0(6*) < 1, then there exists some x that

uniquely maximises the platform owner’s profit by Theorem 2.1. Define:
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r(c,0¢,0) — ma(c, 0., 0) :=7(c,0,0).

We can use the preceding analysis to establish for what values of 6, if any, the random-
match environment is preferred to the ratings-based environment. Theorem 2.2 shows
that there are cases where not making ratings public (and therefore generating the

random match environment) is preferred by the platform owner:

Theorem 2.2. Suppose that 0. = 0 and that T'.(v, k) is played in both environments.
Then for a given & there exists an 0 € Ry such that: if 0 > 0 then 7(c,00,0) < 0; if

0 < 0, then 7(c,0.,0) > 0; and if 0 = 0 then 7(c, o, 0) = 0.

Intuitively, Theorem 2.2 states that if ¥ is relatively large when 6 is near zero then the
concentration in competition associated with the ratings-based environment results in
profit being lower than in the random match environment. When & is large, relatively
small differences in ratings result in large differences in observation probability, which
has the effect of increasing competition, reducing the profit of the platform owner.

As 6 increases, the value of matching a buyer with a high quality seller increases,
which means that the incentive to bias the observation function to high quality products
increases. The rating-based environment thus becomes more attractive to the platform
owner. There is a point for a given &, é, at which the two environments yield the same
pay-off. If 6 > 0, then the optimal k at 0 is larger than K, and the platform owner
always strictly prefers the profit associated with the rating-based environment.

Proposition 2.6 considers the effect of changes to ¢ and 6:

Proposition 2.6. Suppose that ¢ < ¢ and 0 < 0 < (k). Then 7(c,o.,0) > 7(c , 0., 0)
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and 7(c,0.,0) > 7(c, 0., 0).

As goods become less substituable, the cost of the more concentrated competition
associated with the ratings-based environment decreases, implying that the profit from
that environment increases more than the profit from the random match environment.

The same is true of a change in how sensitive buyers are to changes in quality:
as buyers value quality more, the higher the benefit associated with increasing the
probability of buyers observing high-quality sellers. This implies that a ratings-based
environment becomes more profitable relative to the random match environment, where
high quality products are no more likely to be observed than low quality products.

An increase in o., however, has the effect of increasing the profit of the random

match environment relative to the ratings-based environment.

Proposition 2.7. Suppose that 0. < o. and % < (yw — 7). Then 7(c,0.,0) <

(e, a;, 0).

As j’s price and ¢’s demand is increasing in €;;, j's expected profit is convex in ¢,
a result consistent with Myatt and Johnson (2006). Thus, when the additional profit
generated from a positive realisation of ¢;; is greater than the loss in profit associated
with a negative realisation of ¢;;.

When « > 0, the sum of the expected sum of the observation probabilities for
any one consumer segment is smaller than the sum of the probabilities for k = 0,
assuming that o > 1 — K(yy — 7). As the distribution is symmetric, if a seller’s quality
is sufficiently large, then they will be observed with probability 1, but, clearly their
observation probability cannot increase above that.

Given the assumption on 1%,;7, increasing x from 0 to k does not reduce the prob-

ability of observing any low-quality seller to 0. Hence, the total sum of observation
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probabilities is lower in the ratings-based environment than in the random match en-
vironment. This implies that by biasing observation towards high quality sellers, the
platform owner increases the probability of missing out matching a consumer segment
with a product that is a high-value idiosyncratic match.

The result in Proposition 2.7 then captures the notion that introducing ratings may
result in buyers being less likely to observe (or pay attention to) lower rated products,
resulting in them observing fewer products overall. As o, increases, the reduction in the
expected number of products observed by consumer segments is more costly because
the probability of missing a high-value match also increases.

The preceding discussion is summarised in Figure 2.4 below. Figure 2.4 depicts
the point at which #(c,o.,0) = 0 for given values of # and o.. As § increases, the
idiosyncratic variance in preferences required for the platform to be indifferent between
the environments increases, as the rating environment becomes increasingly attractive

to the platform owner.

Ratings-based environment
preferred

Importance of quality, 8

Random matching environment
preferred

Variation in idiosyncratic preferences, o,

Figure 2.4: Isoprofit lines where 7(c,0.,0) = 0 and c3 > ¢y > c¢;. The ratings-based
environment is preferred at points below the relevant line.
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2.8 Consumer welfare

Thus far we have analysed the extent to which biasing the search process towards high
quality sellers increases profits. We now consider consumer welfare by assessing the
effect of changes to the matching environment on consumer surplus. We define i’s

consumer surplus as follows:

1 "
E[CS;(x};p") Z§E i a+ 7 (Vi) Zl_) : a)l —p;)l.
k=1

7j=1
Define ), CS;(x}; p*)] = CS(x*; p*(v, k)), where x* is an n x m matrix whose ijth

component is x}.. Suppose that x = 0, that the observation probabilities of the con-

17"
sumer segments take the form in equation (2.3) and a central planner chooses v in order

to maximise total consumer surplus. The central planner’s maximisation problem can

thus be stated:

max, CS(x*; p*(v,0)).
The following proposition holds:

Proposition 2.8. Suppose the game T'.(v*,0) is played after the central planner chooses
v*. Any v > 1 1is a solution to the central planner’s above maximisation problem. There-

fore, Elw;;| =1 for all i,j pairs.

As in Chapter 1, increasing an observation probability w;; increases consumer sur-
plus because it both increases the probability of surplus-increasing sales and reduces
prices across the network. The platform owner therefore harms consumer surplus if
they reduce v below 1, which they may have an incentive to do in order to increase

prices.
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Now, consider the case in which the central planner chooses between the two obser-
vation environments outlined in Section 7. Recall that the random match environment
is one in which x = 0 and v = ¥, while in the ratings-based environment observation is

biased towards highly-rated sellers. Define:

CS(0, k) = CS(x*; p*(0,R)) — CS(z*; p*(1,0)).

Theorem 2.3 compares the two observational environments in terms of their effect on

consumer welfare:

Theorem 2.3. If 1 —k(yg —7) > 0 and I'.(v*, k;) is played in both environments, then

CS(v,Rk) > 0.

As discussed above, increasing x imposes a cost on the platform owner in that it concen-
trates competition and reduces price. For the central planner, however, the price effect
does not represent a cost but rather an additional benefit associated with increasing
the probability that high quality sellers are observed. The ratings-based environment is
unambiguously associated with lower expected prices and a higher probability of high
quality matches than the random match environment, assuming that 1 —&(yg —7) > 0,
both of which yield higher expected consumer surplus.

The ratings-based environment is therefore always preferred to the random match
environment by the central planner. In contrast, we have shown that the platform owner
may prefer the random match environment if 6 is sufficiently low, because the lower

prices associated with the ratings-based environment are detrimental to firm profits.
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2.9 Discussion

The analysis in Sections 2.6 and 2.7 helps explain why online platform use ratings
differently to determine which sellers are more likely to be observed by buyers. In
general, the platform owner faces a trade-off between increased competition and lower
expected prices on the one hand and an increase in profits due to matching on the other.
Our analysis suggests that the extent to which the platform owner has an incentive to
bias their search process towards highly-rated sellers depends on the nature of the goods
being sold on the platform.

As products become more substitutable, the cost imposed by the concentrated levels
of competition imposed by the observation function being dependent on seller ratings
increases. This would imply that platforms selling products that are relatively substi-
tutable are less likely to use ratings to determine the probability buyers observe prod-
ucts. Platforms wholly or largely selling products like groceries, second-hand books,
electronics and clothing, for example, would then be less likely to use ratings as promi-
nently in their search processes as platforms selling products like arts and crafts, where
products are generally less substitutable.

The analysis in Section 2.6 also suggests that when buyers value product quality
more highly, the platform owner has a larger incentive to ensure that their search process
is biased towards high quality sellers. Doing so ensures that high quality matches are
missed with lower probability. Hence, platforms offering products that have high degrees
of quality differentiation are likely to bias their search results more towards high quality
products.

Our analysis in Section 2.7 allows us to consider how the type of products offered

on a platform can affect the relative profitability of the two information environments
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being analysed. Markets for different products are assessed in terms of the extent to
which buyers value quality and the variance of the idiosyncratic preferences that buyers

have for them in Figure 2.5.

Hotels

Rental properties

==
- Sporting
§ equipment
‘c Electronic .
o products Clothing
c
]
s Second-hand books
o
E
Groceries Arts & crafts

Variation in idiosyncratic preferences, o,

Figure 2.5: A comparison of different types of markets according to their values of
importance of quality and the variance in idiosyncratic preferences

When platforms offer (or predominately offer) products with low values of 6, the concen-
trated competition effect identified in Section 2.6, whereby using ratings to determine
observation probabilities increases the effective level of competition across the market,
dominates. When the ex-post difference between the valuations of the sellers is low, the
expected reduction in prices associated with biasing observation towards high-quality
sellers outweighs any potential benefits associated with the ratings-based environment,
which implies that it is relatively less profitable than the random match environment.

For products that have high idiosyncratic variance but relatively low expected differ-

ences in quality, the random match environment is relatively more profitable than the
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ratings-based environment. This is because there is an increasing probability of high-
surplus matches driven by the convexity of the profit function. On the other hand, the
relative profit associated with high-quality sellers being observed with a high probabil-
ity increases as o0, increases, as a result of the same convexity in profit function. Hence,
in such environments, the ratings-based environment would be more profitable.

These results are summarised in Figure 2.6, which depicts the isoprofit curve along
which the two information environments yield equal profit, which is upward sloping and

concave in o, — 6 space.

Ratings-based

Large profits associated with sellers
observing highly-rated sellers

@
2
®
3
o
w—
o
e High probability of high-
5 surplus idiosyncratic
s matches
o
E
Concentrated
competition relatively
costly

Random matching

Variation in idiosyncratic preferences, o,

Figure 2.6: A comparison of the random match and ratings-based environments: for
any market above the solid line, profits are higher in the ratings-based environments.

Figure 2.6 makes clear that platforms that (largely) host markets where product quality
is less important to consumers should use an information environment that weights
ratings less than platforms where product quality is more important to consumers. It

is possible to approximate the positions of real-life platforms within the space shown in
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Figure 2.6, which is shown in Figure 2.7.
Ratings-based
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Figure 2.7: A comparison of the random match and ratings-based environments. For
any market above the solid line, profits are higher in the ratings-based environments.

There are few studies that specifically examine the effect ratings have on the probability
that buyers observe sellers have on these platforms. Much of the previous analysis
relating to this topic finds that buyers are more likely to buy from highly-rated sellers.
For example, Luca (2016) finds that an increase of 1 star on Yelp.com increases demand
by 5-9%. Similarly, Ogut and Tas (2009) find that increases in customer ratings increase
demand for hotel rooms in Paris and London.

These findings are often interpreted as capturing the effect that ratings have on
influencing buyer valuations - a higher rating reveals information about the sellers on
the platform, which in turn increases demand. It is likely that at least some of the
effect of ratings captured by the empirical studies above is the result of the effect on

consumer valuations. However, it is also clear that platforms use seller ratings as a
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part of their search process. If buyers are more likely to observe products, sales are
more likely. The size of this effect, and the role it plays in determining competition, is
relatively unexplored in the literature.

Our analysis generates several predictions that would be worthwhile exploring em-

pirically:

1. Platforms selling products where perceived or actual quality is more important

will use ratings as a larger component of their search process;

2. Platforms selling products with high idiosyncratic variance will use ratings as a

smaller component of their search process;
3. Revealing product rankings may reduce prices within given platform or market;

4. Platforms selling relatively homogeneous products will use ratings as a smaller

component of their search process.

There are to the author’s knowledge no empirical studies that specifically examine
these questions directly, and they would be important questions to consider in future

empirical research.

2.10 Conclusion

The aim of this paper has been to examine the effect of using seller ratings to determine
the probability that groups of sellers observe buyers on a large platform. If seller ratings
are used to order search results on large platforms, then they determine which sellers are
more likely to be observed, and therefore the structure of competition on the network.

Empirical evidence makes clear that there the extent to which seller ratings are used to
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order search results differs considerably between platforms, and the aim of our analysis
is to understand what drives these differences.

Our analysis indicates that there is a clear trade-off that the platform owner faces
when using seller ratings to order search results. Increasing the extent to which sellers
that are highly-rated are observed by buyers is potentially profit increasing because
buyers are more likely to be matched with a high quality product, increasing willingness
to pay.

At the same time, biasing search towards highly-rated sellers has the effect of concen-
trating competition among those sellers, which results in lower expected prices across
the network. The platform owner resolves this trade-off in the case where they can
freely choose the extent to which they bias their search results by limiting the use of
ratings in the search process. As products become more substitutable, or consumers
become less sensitive to product quality, the platform owner has an incentive to reduce
the extent to which the search process is biased towards highly-rated products.

We also examine the case in which the platform owner chooses between an environ-
ment where they can either make ratings public or not. If they do so, then highly-rated
sellers are more likely to be observed, but not necessarily in an optimal way: for ex-
ample, the search process may be too biased towards highly-rated sellers, increasing
competition and lowering prices. If the platform does not make ratings public, then
consumers are less likely to observe high quality products, but competition is less con-
centrated.

If the variance of the idiosyncratic component of the buyers’ valuation is large
enough, then an environment where. matches are random is preferred because the
cost associated with missing highly valuable matches driven by idiosyncratic preference

gets larger. If the buyers’ sensitivity is sufficiently high, the idiosyncratic match effect
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and the the reduction in prices due to concentrated competition are outweighed by the
benefits of matching buyers to high quality sellers. Platforms in markets where buyers
particularly value quality therefore have a greater incentive to reveal product ratings
than in other markets.

Our analysis suggests that whether large, online platforms use seller ratings in their
search process depends upon the characteristics of the market or markets they host.
Markets that provide goods that are more tailored towards individual preferences, like
arts and crafts, may be less willing to reveal ratings, or use them prominently in their
search process, than in markets where buyer demand is sensitive to quality, like the
hotel sector.

We show that it is optimal in some cases (e.g. when product substitutability is
high) for the platform owner to choose random matching over the ratings-based en-
vironment, even when the expected number of sellers observed by consumers is the
same in both cases. Consumers are always better off in the ratings-based environment,
as in expectation prices are lower and matches have higher surplus than when match-
ing is random. The platform owner’s incentive to maintain high prices by choosing the

random matching environment is therefore potentially detrimental to consumer welfare.
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Appendix

Proof of Proposition 2.1

The proof of Proposition 2.1 follows directly from the proof of Theorem 1.1 in Chapter
1, noting that the assumption that b > b guarantees that x;; > 0 if w;; > 0 in the same

way that a > a does in that chapter.

Proof of equation (2.5)

Recall that:

p*(v,k) = C5(Gs, A)

and:
n

o = Z[abwij(v, Fdz’) + wz’jei%j] - éjk'
i=1

Hence:

1 o0 [o¢]
B[Ca(Gs, V)] = El; > NRE(a+w) — > MREa).
k=0 k=1

The equality holds because each ¢;; is independent of R for all k, and hence E[REe;;] =

0 for all 7, 5, k.

1 1 & >
E[Ca(Gs, V] =Elga— 5 > XN'Rgy+ ) ARl
k=0

k=0

The last equality implies the result.
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Proof of Proposition 2.2

Note that the ijth entry in the centrality matrix C'(Gg\) is equal to ), )\lrz[l]](Gs),
where rl[-l]](Gg) measures the weighted paths of length [ that start at node ¢ and end at

node j. If kK = 0, then C;(Gg A) can be written as follows:

E[C;(Gs, V)] = Y_(Gv(m —1))* (2:9)

k=0
Each expected centrality is convex in v, as E[C;(Gg, A)]uy > 0. As the expected equi-
librium price vector is decreasing in the expected centrality of each seller j, this implies
that the expected price vector is strictly concave in v. Hence, if the solution of the
first-order conditions of the platform owner’s profit maximisation problem is interior,
it represents a unique, global optimum, where 0 < v* < 1. If there is a corner solution,
then any value of v that results in w;; = 1 for all ¢, j is optimal, which is just any v > 1,
which implies that inf{max,75(v,0)} = 1.

It is clear from (9) that the absolute value of the derivative % is increasing in c.
Furthermore, the expression 2vncp; (py — a), which is a component of the marginal cost

of increasing v in the main text is also increasing in c. It follows that there exists a

¢ € Ry such that if ¢ > ¢, then v < 1.

Proof of Theorem 2.1

Note that the centrality matrix of Gg can be written:

C(Gg,\) = Y MR
k=0

Noting that given the assumptions on the observation probabilities, w;; = wy for all i,
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then:

~ nNWLw;
E|éjk] = cE[——2] = cE[wy],
J Tij

which follows from the fact that E[w,w;| = E|wi|E|w,], from the assumption that 7;, v

are independent. Hence, an element of the kth column of the matrix RZ, r} is a function

of w?-wk. Noting that the expected price vector is described by (2.5) and that:

w; =v+ k(Y —7),

then the second derivative of the weighted centrality with respect to s is always positive.

Consider the Hessian of the centrality of j:

oC; oC;

H— ovov  Ovok
0C; 0C;

OkOv  OKOK

Note that the expected adjacency matrix, E[RY] where n > 1 includes a term that is

. aC; " . .
a function of v™. Hence, 5—- features positive terms that are a function of c¢. This is

not the case for the other components of H, which only have positive terms which are

ac; ac, aC; ac;

? Qvdv OKOK OvOK OKkOU for

functions of ¢" where n > 3. Hence, if ¢ is sufficiently small
all values of v and k and hence |H| > 0. This implies that the then centrality vector
C(Gs, A)1is convex in k, v, which implies that the platform owner’s profit maximisation
function is concave in (v, k). Thus, there exists a ¢ such that if ¢ < ¢, then if there
exists a interior solution to the platform owner’s maximisation problem, then it is a
unique, global optimum.

Note that seller j’s profit function is twice differentiable and continuous, and |H| <
0. Hence, E[p;(v, k)] exists and is continuously differentiable, by the implicit function

theorem. As per Milgrom and Segal (2002), these are jointly sufficient conditions for
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drnp(v*,k*) _ Onp(v*,K*)
the envelope theorem to apply, and thus —=5—— = =5

To see that for any solution to the platform owner’s maximisation problem it must
be the case that k* > 0 when © < 1, consider the fact that the expected marginal
benefit, which we define as the first term of the summation inside the above expectation,

associated with an increase in k can be stated, by the envelope theorem, as follows:

Z En 3)(p; (ba + Ov; — bp;))|0 < w;i; < 1] (2.10)

If v < 1and o, > 0then the expected marginal benefit of increasing & is strictly positive
when x = 0, as E(0(37)] > E[#(7;7)] because E[3] > 7. The expected marginal cost

associated with increasing x is as follows:

S Pk R
BMC,] = B} (Y 5205k — )+ D_feu Pi1 L0 S wy <=0, (211)
k=1 j=1 I=1

Both aEaij’“ |x=0 and 8?}52 k=0 equal zero. To see this, note that E[¢;r] = E[(v + k(vy; —
7))(v + k(v — 7))] and, as E[v;-7] = 0 and ~;,7; are independent, it follows that for
8Ec]k

to be non-zero, it must affect the total probability that both k£ and j are observed,

and it does not doso at k =0 and v < 1.

We can also show that ag:; ls=0 = 0. By the analysis above, any entry of the expected
centrality matrix that is a function of x is a function of k™ where n > 2. This follows
as only entries that are functions of E[¥}] where n > 2 are functions of x, and such
entries are also functions of k™.

As E[MB, |k = 0] > 0 and E[MC,_|x = k] = 0, it follows that x* > 0 as required.

To see that v* < ©, note that for n > 4, there exists a least one entry, r,, of
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the matrix R% which is a function of vw;w}i. Hence, if x > 0, the marginal cost of
increasing v at © is larger than when x = 0. It follows that the v that solves the
first-order condition in (2.16) is decreasing in x*. Alternatively, notice that the game
is submodular in v and k. When o, = 0, the vector (O,T))/ is an optimum. Hence, if
o, > 0, then, by Theorem 2 of Milgrom and Roberts (1996), it must be the case that

v* < v. This is then an application of the global Le Chatelier’s principle.

Proof of Proposition 2.3

From the results of Theorem 2.1, we know that if © < 1, then E[MB,_|x = 0] > 0 and
EMC, |k =0] =0if 0, > 0. Hence & > 0. From the functional form of E[C;(v, &)], it

is clear that E[C;(v, k)] > E[C}(v,0)], which implies the result.

Proof of Proposition 2.4

Consider the first-order condition of the platform owner’s problem max, , 75 (0, k),

which we express as follows:

Orp(R;0,c)
= =0
g oK
By the implicit function theorem:
6/% - Tk
00 T

To find the sign of 7.y, we inspect (2.10) and (2.11) and note that these expression

are equal at &. By (2.10), E[MB, ]| is clearly increasing linearly in 6. Furthermore,

Opi(v,K)

g~ > 0 for all 4, which implies that E[MC,] is increasing in 6 as well. Therefore,
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T > 0. As K is a maximum, 7., < 0. Hence %
similar reasoning, 2%

> 0. Noting that 7. < 0, then by
5 < 0.

Proof of Proposition 2.5

As 0y = 01, + £ < 0 by assumption OB[p"]

s BEC(Ga N < 0. Denote the first-order conditions of
the platform owner’s maximisation problem as follows:

o Onelsy i)
EML
and:
S onp(Kk}, Kl 0) _o
81€H

These two first-order conditions provide a mapping from R* — R?

. Denote the Hessian
of the platform owner’s maximisation problem as follows:

THH THL
H =

TLH TLL

At any maximum (k7 , k};) of the platform’s first-order condition, |H| > 0. It is clear
from equations (2.10) and (2.11) that:

and:
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By the implicit function theorem:

Omg oy

Hil 891{ — 89}[

87TL aliz

891-] aeH

Therefore:

_ Oy 0Ky
_ 1 TLL TLH 905 o 905
|H| on N oK%
— onL L
THL THH 901 905

It follows from the above expression that g’;—}{ > (0 and geﬁ < 0.
H H

Proof of Theorem 2.2

First, it is necessary to check that the function 7(c,o.,0) is continuous in 6. To see

this, recall that a seller j solves the problem:
7 (v, k) = max,ep, 5 (D).

Hence, if the conditions of the envelope theorem are met, we know that the following

condition holds:
OE[r7]
00 "’

dﬂA((cieaﬁe) _ XZ

j
with the equivalent result holding for wr. By inspection, m4 and 7g are then linear in
6, and hence both profit functions are continuous in 6. It follows that 7(c, o, 0) is a
continuous function in € as well.

Next, we show that 7(c, o, ) is an increasing function on 6 € [0, 0*]. Note first that

when 6 = 0, k* = 0, which follows from the fact that:
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BMB,] = Bln(3; —7)(;(ba + 07 = bp;)|0 < wy; <1] =0
J
when # = 0 and E[MC,|v = 0] > 0. This then implies that there exists a value
of 6 such that 7(c,0.,6) < 0. This is because k = 0 satisfies the condition that
EMB, | = 0] = E]MC, | = 0] = 0 when 6 = 0.
dTrA

Consider an increase in 0 from 0. We can show that d”R > 24 if o, > 0. To see

this, note that for all j the following expression holds:

OB [T |k = ki = K]

OE[pi|k =
7 = (0 sy =7+ D e <y <1, @12

where k4 = 0 and kg = K. As 0, > 0, the first term is greater when x = k than when
k= 0.
Now consider the second term in (2.12) and note that W:E[C(D, Ki)w|k =

ki]. When £ = 0 the vector w and the matrix C are independent, as a seller’s centrality

is independent of the realisation of each ~;. Hence:

E[C(,0)wl|r = 0] = E|C(3, 0)|E[w).

However, in the case where k = £ > 0, cov(E|C(0, k), w) > 0. This follows from the fact
that each entry of the adjacency matrix, Rg can be expressed ¢j; = v+k(7y,—7) and thus
C(v, k) is a function of v} for all j and n € [1, 00]. Hence, E[Cw|r = i] > E[Cw|x = 0].
It follows that 22 > 974 Tt follows that 6* > 0.

By assumption, wg(c, o¢, %) is equal to the result of an unconstrained maximisation
problem where the platform owner freely chooses kK when # = 6* and v = v. Given that

the platform is also free to set k = 0 and v = ©(6*), but chooses not to, it follows that
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mr(c,0c,0%) > ma(c, o, 0%). Therefore 7(c, o¢,0*) > 0. 7(c, 0, 0) is thus continuous in
0 and takes the value 7(c,0.,0) > 0 and 7(c,0.,6) < 0. By the intermediate value

theorem, there exists an 0 < § < 6* such that 7(c, o, 6) = 0.

Proof of Proposition 2.6

The fact that ag(f > a’r—“ is proven in the proof of Theorem 2.2 above. This directly
implies 7(c, o.,0) > 7(c, 0c, 0).
Now, let k4 denote the value of k for the random match environment and sz denote

the value of k for the ratings-based environment. By the envelope theorem the effect

of ¢ increasing on profit can be expressed:

Recall that vg = vy4 = U, but kg > 0 and k4 = 0. As \ 5 ak]’ > 0, it follows that:

OE[pilrx = &l _  OElpi|x = 0]
e 1> |

which implies the first result in the proposition.

Proof of Proposition 2.7

Recall that v;; = 6(v; + )ezj As €;; and v, are independent, €;; does not affect the

centrality vector of the graph generated by v, k for all © and 5. Hence:

op*(v,k)  Oa

= > 0.
86@' 861']'
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Given the definition of @, it is clear that this expression is postie and does not include

€;j, and hence p*(v, k) is linear in each ¢;;. Consider the profit function of a seller j:

() = p; (v, ks €i;) (s(e) — Bipi (v, ks €6) + Y Enpi (v, 55 €ir), (2.13)
k=1

Each seller’s profit, and therefore the platform owner’s profit, is thus increasing in

2 _ 1.2
o; = Eejj,

as the platform owner’s expected profit is equal to x Zj E[r;(p)]-

Note that >, E[w;|x = k] < >, E[w;[x = 0] when & > 0, and 10 < (yg —#). Note

R

that as observation probabilities are bounded at 1, implying that:

Elwj|x = k] = v + //_@(%’ —E(y)dy; =1+ / Ky —7)E(v)dv;

YL
Where X < vy solves the expression v + k(X — %) = 1 and £(v;) is the probability

density function of 7;. It follows that the final part of the summation is negative, thus:

Elw;|x = k] < © = E|w;|k = 0].

From (2.13) and the definition of «, it is clear that:

OE[m;(p)]

> 0.
80'6821}]'

=0 < (y4 — %), it follows that: (c,0,,0,,0) — 7(c, 0., 0,,0) >

) €

Assuming then that

m(c,00,0.,,k) — w(c,0.,0,,F).

) €

Proof of Proposition 2.8

When x = 0, ¢’s consumer surplus can be written as follows:
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BICS (7:p)] = D qufagluy = 1o+ 93+ So(3 i — ) — )],
Jj=1 k
which follows because the realisation of each v;; is independent of the realisation of the
observation probability and prices are non-random when x = 0.
Suppose v* < 1. First, note that E[z};] is increasing as v < 1 increases. Noting that
p; = p* for all j in this setting, the effect on expected demand of increasing v can be
written:

OE[z};|wi; = 1] p* op*

o = b5+ elm = 1)(p" —a) + cv(m— 1))

As shown in Proposition 2, prices are decreasing in v. Given that the matrix (I — ARyg)
is diagonally dominant:

b dp dp

9 cu(m — 1) 90 (2.14)

When 6 < 0, it must be that p < a. This follows because by definition if # < 6 then

the following expression is decreasing in centrality:

Blp* (v, )] = %m _ E[Cla + 6E[Cw)).

As cov(C,w) and E[w] > 0, it must be the case that p* < $a < a. Hence, (p* —a) < 0.

It follows from this and (2.14) that o

> 0.
Now consider the second component of the term inside the brackets of the above
expression, (a4 5+ v(>°, pj — a) — p}). By (2.14), the derivative of this expression

with respect to v is positive. Hence, E[CS;(x};p*)] is increasing in v < 1 for all i,

which proves the result.
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Proof of Theorem 2.3

Recall that if 6 < @, the expected equilibrium price vector E[p*] is decreasing in the

centrality vector Cl,,. Suppose that 1=% < (y4 —7) and 2 > (5 — 7.). In this case,

> 22 Elwijlk = &] = 32, 37, Elwg|s=0].

Consider the expectation of the sum of ¢’s demand for each seller’s product condi-

|

tional on x;, E[> " xf(p*)|k = ki) :

J g

B3 (") = ] = B (0 ) a5 (0,5 07,3 (0 ) )
’ = = (2.15)

Define the random variable:

By = (bl = (0,5 + 0% + 3 En(pi0: ) — )
k=1

When k = 0, (2.15) can be expressed:

B ol (bl = 0] = 0B a5l 0

as cov(0,Z;;) = 0. Note that:

E[Z@-jyﬁ =0]= (m — 1)[b(a — p*(,0) + 65 + (m — 1)&(p*(v,0) — a)].

E[pi|x = K| = E[pj|x = K] in this setting as each seller is identical prior to the realisation
of the matrix of the preference parameters v and ~;,; are independent.

When r =k >0, cov(}_; 0+ &(v; —7), >_; Tij) > 0. This holds for two reasons:
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1. As 0o, > 0, 0+ k(75 — 7)(0i;) is increasing in £ when =2 < (y5 — 7);

2. As (I — ARyg) is diagonally dominant, >, x7;(p*) is decreasing in p*, which is

decreasing in x (assuming § < f), as per the proof of Theorem 2.1.

Furthermore

ZZL'”|I£ = Rk|= Z a — E[pj|x = R)]) —i—@v—i—ZE[cﬂc (pi(v,R)] — a)],

j=1 k=1

which is greater than E[} 7" 7|k = 0] as Epj[x = £ < E[pj|lx = 0] and (I -

ARs) is diagonally dominant. Hence, E[} 7", &k = K] > E[}_7 #;;|lx = 0Jand

7=1

cov(0 + K(v; —7), >_; i) > 0, and thus:
EDY @0k = ri] > E)_ a}(p*)|x = 0]
J J
Now consider the second term in the expression forCS;:

o C
yz] =a + 72] + Z l_)wik: pj
k=1

By the same reasoning as used to analyse the function E[} 7", Zjj|x = K], it is clear

that:

B[ “jijlk = £ > E[>_ fylr = 0].
=1 =1

Defining y;; := [v+ x(7y; —¥)]¥;; and noting that cov(D + &(v; — ), >_; %ij) > 0 by the

same logic as above, we conclude that:
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EDY yi(0%)lk = m] > E[Y_ y5(p*)|s = 0]
J J
Finally, we note that:
cov(Y i), Yy (p*)lr = &) > cov(D_xfi(p*), Y yiy(p*)|k = 0)
J J J J

This holds because cov(C}, Ci|x = &) > 0 for all j, k, while cov(C;, Cy||x = 0) > 0 for

all j, k. Hence the following two statements both hold:

B wl = 1Y whe = ) > B[S ol = OEL Yyl = 0

ii) COV(Z T3, Zy;‘jm =R) > COV(Z T3, Zy;‘jm =0).
J J J J
Hence, it must be the case that:

waywm =k| > E]| waywm = 0],

and so:

E[CS;|k = k| > E[CS;|x = 0].
This result holds for all 7, and hence the result is proved for 1;6 < (yg — %) and
> ()

Now consider the case where

I

> (¥ —7). The preceding analysis still holds, but in
this case, > Elw[x = &] > >, Elw;;|x= 0] for all i. As E[CS;] is increasing directly
in > i E|w;;], and prices are decreasing in the probability that each seller is observed,
it follows that the result that E[CS;|x = k] > E[CS;|x = 0] for all ¢ continues to hold

when

IS

> (Y — L)
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Chapter 3

To Lead or To Follow? The Incentives
of Party Leadership and Legislators in

a Multi-Principal Environment

3.1 Introduction

A large body of literature (see, for example Fenno, 1978, Levitt and Synder, 1997 and
Gowrisankaran, Mitchell, and Moro, 2004) documents and models how the incentive
to be re-elected affects the effort allocation of members of Congress. Voters are more
likely to re-elect politicians who have a reputation for putting effort into tasks in their
constituency, such as town-hall meetings. Legislators therefore have an incentive to
build a reputation for being such a politician by exerting more effort on tasks related
to their constituency at the beginning of their time in office than they do at the end of
it, an effect known as “frontloading” constituency effort.

However, less attention has been paid to the fact that legislators serve two masters:
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the voter and leader of their party in Congress (e.g. the Senator Majority or Minority
leader or the Speaker of the House of Representatives). Both principals are able to
reward the politician. Voters incentivise politicians by voting them out if they do not
spend time in their constituency, while party leaders are able to offer politicians rewards
like committee positions or access to the executive branch. If the latter benefits are
sufficiently valued by the politician, then they backload their constituency effort so as
to enhance their reputation as an effective operator in the legislature, an effect explored
in Charlson (2014) and supported empirically by e.g. Johannes (1980) and Sarbaugh-
Thompson et al. (2004).

Modelling the party leader’s role in the politician’s time allocation problem identifies
the complex nature of the party leader’s incentives in this environment. The politician’s
trade-off between time allocations is internalised by the party leader in that, while they
wish to reward politicians skilled at legislative work, they also want politicians of their
own party to be re-elected. As a result, there are cases where the party leader would
prefer to bind themselves to not providing the legislative benefit to ensure the politician
increases their probability of re-election.

Moreover, the party leader would prefer to be able to commit to not offering the
legislative benefit quite aside from their desire to see the politician of their own party
re-elected. The party leader is a second-mover in the sense that they are only able
to meaningfully reward the politician if the politician is re-elected. As a result, it is
possible that providing the politician with a legislative reward results in an increase
in constituency effort. To receive the legislative benefit, the politician needs to be re-
elected, and hence such a benefit can incentivise increased constituency effort, even
if, conditional on re-election, the probability of receiving that benefit is reducing in

constituency effort allocation. The party leader therefore suffers from both a lack of
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commitment power and, potentially, second-mover disadvantage as well.

To model these effects, we assume that politicians allocate their time across constituency-
based tasks (for example town hall meetings, district surgeries, etc.) and tasks that
take place in the legislature (e.g. networking, voting etc).!

There are two types of politician: one who prefers to allocate their time to legislative
business and one who prefers to allocate it to constituency-based tasks. Politicians have
a term limit of two and are therefore a lame duck in their final period. Voters prefer
politicians who spend effort on constituency-based tasks. The party leader values both
the re-election of politicians of their party and the election of legislators who innately
value putting effort into legislative projects, as this allows them to more easily pass
high-quality legislation.

We show that whether a politician frontloads or backloads their effort depends on
the relative value the politician places on the incentive offered by the two principals.
If the value a politician places on the legislative rewards that the party leader offers is
sufficiently large compared with the benefit of being re-elected, then they allocate more
of their time to legislative tasks in their first term than in their second, which implies
a backloading of constituency effort. A politician that values legislative rewards highly
may therefore risk the greater chance of not being re-elected in order to increase the
likelihood that they receive legislative benefits if they are re-elected.

We then explore the incentives of the party leader. As the utility the party leader
gains from the politician’s re-election increases, the optimal level of legislative incentive

they wish to offer the politician decreases. Furthermore, the effectiveness of the legisla-

!There could potentially be some complementary between the two tasks. For example, including
attempting to pass pork barrel legislation would benefit constituents and the party leader as well.
The possibility of complementarity is ignored in this paper so that it can capture the trade-off that
undoubtedly exists in general.

119



tive incentive decreases in the level of constituency effort exerted by the politician.

Our analysis therefore suggests that the party leader is strictly worse off because
they lack commitment power. The party leader’s lack of commitment power means that
their choice of legislative reward does not take into account the fact that it distorts the
politician’s time allocation. As a result, the party leader tends to over-reward politicians
who generate a low signal and under-reward politicians who generate a high signal. We
find that the party leader is strictly worse off as a result of not being able to contract
ex-ante with the politician.

We also find that the party leader may suffer from second-mover disadvantage.
The case where the politician can only be rewarded if they are re-elected is compared
with the case where they can be rewarded independently of re-election. If the benefit
associated with high levels of legislative effort is large enough relative to the cost of
inducing it, then the then party leader suffers from second-mover disadvantage. When
the politician can only receive legislative benefits when they are re-elected, as legislative
effort gets higher (and therefore the re-election probability gets smaller), the politician
needs to be incentivised with a larger amount of legislative benefits. Providing such
benefits is costly, which implies that the party leader is worse-off than in the case where
they can provide benefits unconditionally.

However, if the costs of providing legislative benefits are high enough, the party
leader actually prefers the case in which they move second. When the optimal level of
legislative effort is relatively small, moving second can make the party leader’s action
more effective at increasing legislative effort than it would be in the case where the

party leader does not move second.
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3.2 Literature review

The distinction Fenno (1978) puts forward between the “expansionist phase” of a legis-
lator’s career, in which they build a reputation among voters in their constituency, and
the “protectionist phase”, which involves engaging in legislative tasks in Washington, is
an early example of a reputational model of politician time allocation. The expansionist
phase increases the probability of victory in future elections, allowing the politician to
focus on their career in Congress as they gain seniority.

Formal treatments of political reputation include Besley and Case (1995), who show
that when voters are uncertain about a politician’s type, the legislator has an incentive
to distort their action away from its optimal level in order to gain a reputation as a
conscientious representative. Banks and Sundaram (1998) extend this model to the
case where a long-lived principal interacts with a series of short-lived agents, who are
retained only if they generate a cut-off level of surplus and find that the effort level of
agents is reducing over time.

Political reputation models build on empirical research relating to constituency effort
frontloading. Levitt and Synder (1997) find that politicians who provide constituency
services early in their careers increase the likelihood that they are re-elected. They
term the increase in re-election probability generated in this way as a “selection effect™
incumbents are more likely to be re-elected if they are seen as a politician who values
constituency effort. Cain, Freejohn and Fiorina (1987) and Gowrisankaran, Mitchell,
and Moro (2004) both also provide evidence for this selection effect.

However, there is also evidence that some politicians backload their constituency ef-
fort. For example, Sarbaugh-Thompson et al. (2004) find that state legislators increase

the amount of time they spend on helping constituents with problems in the period
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in which they are a lame duck. Johannes (1980) shows that constituency casework
increases with seniority, suggesting that at least some members of Congress increase
their constituency efforts later in their terms.

Another approach to examining the way in which re-election incentives distort the
legislator’s effort or time allocation builds on Holmstrom’s (1999) "career concerns"
framework. In the career concerns framework, the principal’s payoff depends upon a
noisy signal that in turn depends on the agent’s type and their action, both of which
are private information for the agent. The agent has an incentive to “signal-jam” to
raise the principal’s expectation of their type in future periods. Such a model differs
from reputational models in that the principal’s payoff depends directly on the agent’s
type, rather than on their action alone.

Persson and Tabellini (2000) and Ashworth (2005) apply the signal-jamming ap-
proach to a political reputation framework. Politicians distort their level of effort up-
wards in order to increase the voter’s expectation about their type. Voters condition
their voting decision on observed outcomes, and therefore as the number of periods
of play increases, the fewer low-type politicians survive. High-type politicians engage
in fewer costly constituency services, as the probability of producing a high signal is
correlated with type.

Our analysis involves two principals interacting with a single agent who allocates
their effort across two tasks. There are a number of more general analyses of multi-
principal, single-agent models, including Bernheim and Whinston (1986), who charac-
terise the conditions under which there exists a mechanism that induces an efficient
action choice by the agent, Mastrolia and Ren (2018), who expand that result to a con-
tinuous time setting and Baverman and Stiglitz (1982), who apply the common agency

framework to sharecropping. Lohmann (1998), Dixit, Grossman and Helpman (1997)
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and Gailmard (2009) apply the multi-principal, single-agent framework to a political
environment.

A general treatment of multi-task principal-agent problems can be found in Holm-
strom and Milgrom (1991). Hatfield and Padro i Miquel (2006) examines a case where
a politician allocates their time across multiple tasks and find that because the only
incentive voters can offer a politician is re-election, voters cannot incentivise a politician
to allocate their effort efficiently across two tasks.

Charlson (2014) examines the time allocation of a politician whose action is distorted
both by the re-election incentive and a fixed incentive offered by the party leader who
has commitment power. The analysis there focused on the extent to which the multi-
principal framework can explain why some politicians backload constituency effort.
The model here examines the case where the party leader’s incentive is continuous, and
examines the extent to which a lack of commitment power and the fact that the party
leader moves second affects the party leader’s utility. The voter and politician’s utility
functions and the nature of the signals the politician’s action generates are similar

across the two environments.

3.3 The model

Politicians

Following Charlson (2014), the politician engages in two types of task: tasks which
are beneficial to their party in the legislature (referred to here as “legislative tasks”)
and tasks which are beneficial to their constituents (“constituency tasks”). Politicians

allocate their effort across up to two terms in office. As we will see, the politician’s effort
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allocation will affect their re-election probability and the legislative rewards bestowed
on them by the party leader. After choosing their effort allocation in the first term, the
politician faces re-election before they are able to choose their action profile again in
their second term. The challenger they face in the election is assumed to be of another
party.

Politicians are either of type p (“populist”) or type [ (“legislative entrepreneur”) with
equal probability and are privately informed of their type. Politicians allocate effort
between legislature tasks and constituency tasks, with types differing in respect to their
first-best effort allocation.

Let x;; > 0 denote the level of constituency effort exerted in period ¢ by a politician
v and y;; > 0 be ¢’s legislative effort level. A politician ¢’s utility function in period ¢ is

as follows:

1 1 1 1
Wit (Tigy Yin; Kig, By, a;) = 5%’% + 5(1 — ;)Y — Z<It>2 — Z(yt)2 + 2k + By

where a; < 0.5 < a, <1 and a; +a, > 1. The value of £, and K, are contingent on the

actions of the party leader. E; is the election incentive, and can be expressed:

e ifs_1=1
Et: )

0 otherwise
where s; = 1 indicates that the politician has been elected by the voter in period t. e is
thus the extra utility the politician receives by being in office. k; € R, is the amount
of legislative benefit the politician is provided by the party leader and z € R, is the
utility politician ¢ receives from a unit increase in k.

We normalise the maximum amount level of a politician’s effort to 1. Hence:

Tt + Yie S 1 Vt.
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In periods in which the politician does not move, x; = y, = 0 by definition. If the ¢
loses the election, then they are removed from office, and a new politician, j is elected.

The new politician is of either type with equal probability.

Voter

The voter chooses whether to vote for the incumbent or for a new politician. As in
Charlson (2014), the voter observes their own utility and their utility function in period

t can be written as follows:

my = ’

0 ifg <q"

where ¢, ~ U(0, 1+xt) The voter observes the politician’s effort only if the signal ¢

exceeds some threshold ¢*. As the politician exerts more effort in their constituency,

the greater the probability that the threshold is exceeded. Specifically:

Pr(g; > ¢") =1—q¢"(1 — xy).

The voter therefore imperfectly observes the actions of the politician in the periods prior
to the one in which they will vote, capturing the notion that voters are not perfectly
attentive.

The voter’s choice variable at election period ¢ is s;. If s; = 1, then the voter re-elects
the politician and if s; = 0, they elect the politician from the other party, and remove
the incumbent. There is only one election period in model (period 2), and so s; = 0 for

all t # 2.
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Party leader

The party leader is the leader of the party to which the incumbent politician belongs
(e.g. the Speaker of the House of Representatives). The party leader values politicians
of their own party being re-elected, the passage of legislation of good quality and the
provision of legislative benefits to politicians who exert high legislative effort. The party
leader’s utility in period t is as follows:

1
(ke Uy, To) = dy; ik — 50/{? + W, + Ty,

where k; € R, is the amount of legislative benefit (e.g. the provision of a committee
position, etc.) that the party leader provides to a politician of their own party, and d > 0
is the marginal benefit the party leader receives a from an extra unit of legislative effort
when the legislative benefit level is k;. The more legislative effort the politician engages
in, the greater the utility the party leader gains from providing legislative benefits to
them, capturing the notion that the party leader gains utility from politicians who put
in legislative effort towards, for example, the committee position allocated to them.

T; denotes the utility obtained by the party leader if the politician is re-elected:

v ifs_;=1

Tt: )

0 otherwise

and U, is a binary signal of the form:

0 ifr,>r*
\Ijt: )

0 ifr, <r*

where 7, ~ U(0, 1_—1%) The functional form of the signal U, captures the notion that
more legislative effort increases the likelihood the passage of good quality legislation but

does not necessarily induce this outcome. As 6 increases, the utility the party leader

126



receives from the passage of high-quality legislation increases. The party leader only
observes the outcome of the legislative process, and not the level of legislative effort
directly.

If the party leader provides a politician with a non-zero level of legislative benefits,
they do so after the incumbent has been re-elected. Furthermore, it will be assumed
initially that neither principal has any commitment power. The party leader is therefore
unable to credibly commit to providing the benefit upon the observation of a given
signal ex-ante and only provides a benefit once they have observed the actions of the
politician.

The party leader is assumed not to be able to reward politicians of a different party,
so by definition if s, = 0, k;.1 = 0. Tt is useful to define the party leader’s overall level
of utility, which can be expressed:

3

N(’%; Wy, Tt) = Z nt(k?t; Uy, Tt)-

t=1
Timing of the model

At the start of the game, the politician i's type is assigned, and they are type [ or p with
equal probability. The politician’s type is private information. The model is assumed
to have three periods, after which the game ends. These periods take the following
form:

Period 1: The politician i chooses a level of z;; and y; 1, which generate ¢; and r;.

Period 2: The voter whether to re-elect the incumbent or elect the challenger, i.e.
they set so =1 or so = 0.

Period 3: The party leader chooses whether to give the politician the legislative

benefit and the elected politician chooses x5 and y3 and generates ¢3 and r3, after which,
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the game ends.

Note that we assume that the game ends in period 3 whether or not a new politician
is elected in period 2. As the focus of our analysis is how the incentives of the politician,
party leader and voter are affected when the politician can be re-elected, we assert that

this abstraction is reasonable.

Equilibrium characterisation

We solve the game via backwards induction in the normal manner.

Period 3: The politician’s strategy

The politician cannot be re-elected as the game ends in period 3. The principals are not
able to affect the effort allocation of the politician in period 3. The politician therefore
chooses the effort allocation that optimises their instantaneous utility, which, noting
that the their time constraint binds as a; + a, > 1, implies that the optimal effort
allocation is as follows:

*
Yiz=1—a,.

The optimal level of constituency effort for type p politicians is greater than for type [

politicians, while type [ politicians exert more legislative effort in equilibrium.

Period 3: The party leader’s strategy

The party leader knows that the politician has been re-elected in period 2, and therefore

updates their prior belief about the politician’s type. Define:
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o; := Pr(politician is of type i|sy = 1).

By Bayes rule, the party leader’s belief that the politician is of type ¢ when r; > r* can

be written:

Pr(r > r* sy = 1 and type i) (A=r*(1—y1,i)0s

Pr(r > r*and sy = 1) T ot (lyia)

Noting that the belief that politician is of type ¢ if r; < r* can be expressed similarly,

the party leader’s belief that the politician’s type is [, «, can be denoted:

7

e ) if r; > 7" and s, =1

a = r*(1—-y1,1)0;

S Pros (1 (1—y1.0)) if 1, <7r*and s, =1 -

\0.5 if s9=0

We assume that the party leader is only able to provide legislative incentives to an
incumbent politician, motivating this assumption by noting that in general if there is
new politician elected, they are of a different party to the party leader. Assuming the
incumbent is re-elected, and given the politician’s strategy in period 3, the party leader
maximises their utility by choosing k (for ease of notation we drop the ¢ subscript here
as the party leader only sets k once in the model) that solves the following:

maxp{dk(a(l — a) + (1 — a)(1 — ay)) — %ckQ}.

Hence:

Yal-a)+(1—-a)(l—aqa,) ifsz=1
k* = .
0 if s53=0

We define as kj; as the optimal level of k£ when the politician is re-elected and r; > r*
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and £} as the optimal level of £ when the politician is re-elected and r; < r*.

Period 2: voter’s strategy

The voter’s signal in period 1 is informative about the politician’s type, and they update
their belief accordingly. As there is initial probability that the politician is of either
type is equal, by Bayes rule the voter’s belief that a politician is of type p if ¢; > ¢* is

as follows:

B «_ Pr(qg>1and type p) _ 0.5(1—¢*(1~21,p))
Pr(type=p | ¢1 > ¢")= Pr(qg > 1) = 0.5(17q*(1fxl7p)q)+0.5(ifq*(1—x1,p))

It follows that, if E[x}|p] > E[zf|l] (which holds in equilibrium; see below), the voter’s
belief that the politician is of type p is above 0.5 iff ¢; is greater than the threshold
q*. Tf ¢ > ¢*, the incumbent is more likely to be of type p than than their challenger
(who is type p with probability 0.5). The voter’s utility of re-electing the incumbent
(i.e. setting sy = 1) is pea, + (1 — po)a;. This is weakly preferred to setting s, = 0

when s > 0.5, which implies that the voter’s optimal strategy is as follows:
1 ifqg >q*

0 ifg <gq" |

Period 1

Given the strategies outlined in periods 2 and 3, a politician ¢’s chooses to optimise
their utility in period 1. Their optimisation problem is as follows:
1 1 1 1

zn}aéxl 9 ditil + 5(1 — ;)Yin — Z(ZL’@‘,I)2 — Z(yl)Q—f—

1 —q" (1 =2 )](1 = r"(1 —yi1)(zkg + e+ fi) + 7" (1 — i) (zh + fi +¢))},
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where f; is the utility a type ¢ politician receives from their optimal effort allocation in
period 3, and is therefore equal to%a% + %L(l — a;)%. The above maximisation problem

is subject to the resource constraint:
Tin+ i1 < 1,

which must bind in equilibrium, as a; + a, > 1. Thus, ¢’s optimisation problem can be

restated:
1 1 1 1
I%%X{éaixi,l + 5(1 —a;))(1 —zq) — Z(%l)Q — 1(1 —xi1)%+

(1= q*(1 — 2;0)](zky + Vi — r*ziak)},

where k 1= ky — k; and V; := ¢; + fi- Define the maximand of this problem as U;(z1;).
As U;(x1,) is concave in x4 ;, it follows that the solution to the first-order condition:

U; (ﬂz) =0

defines a unique equilibrium if the solution is interior (i.e. if 0 < 27, < 1). Let Z}, and
Yy, denote this interior solution to the party leader’s optimisation problem. Then the
following must hold for the optimal allocation in period 1:
T;, = min {f;l, 1} :
yzl = max{l — 53;17 O} ,
where:

= a; + q*(zkH + Vz)
1—1—2212:7’*

Call the above game I'. Theorem 3.1 summarises the analysis in the previous sections

formally.
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Theorem 3.1. The game I outlined above has the following unique Perfect Bayesian
Equilibrium:

Period 1: The politician sets x;1 = x7, and y;1 = y;,

Period 2: The voter re-elects the politician iff ¢ > q*, with the belief that the politician
s of type p equal to pu.

Period 3: If the politician is re-elected, the party leader’s belief that the politician is
of type Lis o and k* = 4(a(l — a;) + (1 — a)(1 — ap)) if so =1 and 0 otherwise. If the
politician is re-elected sets xj5 = a; and yi3 = 1 — a;. If a new politician of type j is

elected, they set 53 = a; and y;3 =1 — a;.

An example, I’y

We will use a slightly simplified form of the game I' in Section 5, which we call T';. We
assume that I'; has the same basic set-up as I', but that some of the parameters take
on specific values. Specifically, we assume that: ¢ =r* =1, v =0, ¢; = e for all 7 and
ap =1—a.

These assumptions imply the following about the probability that the two binary

signals, 7, and ¢, are above their threshold level:

Pr(ry > 1) =y

and:

Pr(g > 1) = z;.

The voter’s belief that the politician is of type p when ¢; > 1 is as follows:

*

Pr(g > 1 and type p) p1
Pr(type— >q") = - 7 '
(type=p | 1 > q*) Pr(q > 1) A
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The above expression implies that the party leader’s belief if they observe r; > 1 and

the politician is re-elected is as follows:

* xl*,l
L1g* 4o
A1T%
Pr(type=l|r > r*) = — -
* i * Tp.1
L1 z) ) p,1 xp Ty

Then the solution to the politician’s maximisation problem yields:

. _ {a@-—i-zkH—i-V }
T;; =min{ ———=—, 1,
’ 1+ 22k

Yip = max{l — Ty, O},

where V = e+ f and f = fa + 1(1 —a) = ;. The politician’s constituency effort is
increasing in their innate preference for re-election (e) and the benefit to re-election
associated with being able to choose their optimal level of effort allocation in their sec-
ond term (f). Whether constituency effort is increasing or decreasing in the legislative

benefit is ambiguous, which discuss in more detail below.

3.4 Analysis

The time allocation of the politician

Asnoted in the introduction, some politicians frontload their constituency effort, whereas
others backload it. The model set out in Section 3 can explain both of these observa-
tions. A legislator frontloads their constituency effort effort if z7, > z7, and backloads
it if the reverse inequality holds. Whether politicians backloads or frontloads legisla-
tive effort depends on the legislative benefit, z. The following proposition relates the

relative level of legislative effort across the two periods:

Proposition 3.1. Suppose I' is played. For any finite value of the electoral benefit,
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Vi> 0, there exists a 2(V;) such that if = < z(Vi,r*), then x}, >z, and if 2 > z(V"),

2,1 =

* *
then x7, < x7,.

When the legislative benefit is large it is preferable for the politician to frontload their
legislative effort in order to increase the probability that they will be provided with the
legislative benefits. If the politician values legislative benefits relatively highly, then
they will attempt to build a reputation as a legislative entrepreneur by engaging in
more legislative effort in their first term in office.

On the other hand, if the utility associated with re-election is relatively large com-
pared with the value the politician receives from legislative benefits, then the politician
will allocate more constituency effort to their first term, in order to increase the proba-
bility of re-election. This result is consistent with Charlson (2014), which explores the
politician’s optimal time allocation when the party leader is able to commit to offering
a fixed legislative benefit.

The legislator exerts high legislative effort in their first term if the value they place
on legislative benefits is relatively large compared with the re-election incentive, occurs

if z is large enough relative to V;. This implies the following proposition:

Proposition 3.2. Suppose ' is played. The threshold marginal value on legislative

benefits, z(V;,r*) is increasing in V; and decreasing in r*.

As V; increases, the incentive to allocate resources towards re-election straightforwardly
increases, which implies that for a politician to backload their constituency effort they
would need value legislative benefits more to offset the direct benefit to re-election.
As r* increases, there is a greater incentive for the politician to engage in legislative
effort because the party leader requires there to be a greater level of legislative effort to

receive a positive signal. Hence, the threshold level of the marginal value of legislative

134



benefits must be higher.

The party leader without commitment

One key element of the model and the real-life interaction it captures is the fact that the
party leader is only able to provide the politician with a reward if they are re-elected.
This shapes the party leader’s ability to influence the politician’s decision making and
the utility they receive from being able to offer legislative rewards.

The party leader has an incentive to ensure that politicians of their own party are re-
elected, an incentive known in the literature as “electoral maintenance” (Pearson, 2005).
At the same time, the party leader also has a desire to pass high-quality legislation,
which is more likely when politicians who exert relatively high levels of legislative effort
are in office.

The desire for electoral maintenance may mean that the party leader’s utility would
increase if they were able to commit to not providing a legislative benefit to politicians
at all. To see this, define Z,; such that it solves the politician’s first-order condition
when k7 = k7 = 0" and hence k= 0:

a; +V; = Z;;.

For now, assume x7; < Z1;. When this holds the party leader would face a trade-off in
the case where they can commit not to provide legislative benefits. When the politician
spends on legislative tasks in period 1, the party leader reaps immediate benefits allows
the party leader to give electoral benefits to politicians who provide a high signal. At
the same time, the politician is less likely to be re-elected if they spend more time on
legislative work, which is has a direct utility cost to the party leader.

The above trade-off leads to the following proposition relating to v, the benefit to
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the party leader associated with the re-election of the politician, and the party leader’s
desire to commit to not providing a legislative benefit at all. Let N(kp,ky) denote
the party leader’s expected utility when they commit to a payment schedule such that
if r < r* they give the politician ky and if » > r* they give the politician ky. The

following proposition holds:

Proposition 3.3. Suppose I' is being played, d > 0 and thal x7; < &1;. There exists a
threshold level of v, U, the benefit to the party leader associated with the re-election of

the politician, such that if v > © then N(0,0) > N(kj,k};).

If the benefit to the party leader associated with an incumbent being re-elected is high
enough, then the party leader’s outweighs their motive to incentivise legislative effort,
and they would prefer to be able to commit to not providing the legislative benefit.
In addition to the effects above, there are set-ups of the game in which the legislative
benefit does not incentivise increased legislative effort for all types of politician. To
see an example of this, consider the game I'. at the end of Section 2 and note that

r],; < 1, when:
a; + (zk3; + V)
14 22k

<a;+ (V+ k). (3.1)

The inequality in (3.1) implies the following proposition:

Proposition 3.4. Suppose the game 'y is played. If 2a; + % < 1, then there exists
a value of € € Ry, such that if e < e then the party leader’s offer of ky reduces the
amount of legislative effort of the | type in period 1 compared to the case where kg is

not offered; that is, x7,; < 1.

Proposition 3.4 implies that if the benefit of re-election is sufficiently low, legislative

benefits incentivises the [ type politician to increase their effort because they can only
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receive the benefit if they are re-elected. As the direct benefit of re-election becomes
larger, the legislative reward becomes less influential in the politician’s decision to get
re-elected, and more influential in allocating their time towards legislative tasks in order
to receive the electoral benefit.

Hence, even if the party leader values incentivising legislative effort, it may be
optimal for them to commit to not offering a lower level of legislative benefit than is
implied by the equilibrium of I'y. However, there is no mechanism that allows them to
do so. Once the incumbent is re-elected, and if their signal, r; > r*, then the party
leader only has an incentive to give the politician the legislative benefit. Any promise
not to provide the benefit would be a non-credible commitment and therefore cannot
be a part of equilibrium play.

Propositions 3 and 4 suggest that the party leader suffers from both a lack of com-
mitment power and from second-mover disadvantage. In terms of the latter, the party
leader can only provide a benefit to the politician if they are re-elected. Hence, there
are cases where they would prefer not to incentivise the politician to put more weight
on legislative tasks if it were possible to do so. As Proposition 3.4 makes clear, this
may be true even if the party leader does not explicitly put value on the incumbent’s
re-election: as the politician’s payoff is contingent on re-election, the party leader’s

incentive may actually lower legislative effort, and therefore the party leader’s payoff.

3.5 Commitment

In this section, we will consider the case where the party leader is able to commit
to a contract such that, prior to period 1, the party leader commits to rewarding

the politician based on the realisation of the party leader’s signal. We will use this

137



abstraction to examine two ways in which the party leader’s decision is constrained.
We will examine the fact that the party leader: (a) lacks the ability to commit; and (b)
can only reward politicians who are re-elected.

It will be assumed throughout that different versions of game I'y are played. The
parameter values will be the same as this game, but we will assume that the commitment
power of the party leader and/or their ability to reward the politician after they lose

an election are different to that game.

Contracting between the party leader and the politician

To examine the party leader’s commitment problem, we will consider the case where
the party leader is able to commit to rewarding the politician contingent on their signal,
but only if the politician is re-elected. Formally, the party leader is able to contract with
the politician such that they will provide the politician with a contract of the following
form: (if r < r* and s5 = 1, then pay kr); (if » > r* and s; = 1, then pay ky). We
assume that the parameters of the model are the same as the equivalent parameters in
game ['y. We will call this version of the game T'..

We first consider the case where d = 0. Then, the party leader only values the
outcome of their signals ¥; and W,, and does not innately value providing legislative

benefits to the [ type. The party leader’s optimal strategy solves the following problem:

mankaH{N(k; :E(k, FC)}

where k = (kz,ky) and & = (2;1,7,1) . The derivative of the party leader’s utility

function with respect to k;, j € {L, H}can be stated as follows:
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marginal effect on effort, + marginal effect on selection,, +

marginal cost of re-election,; — ck;.

The marginal effect on effort term captures the fact that changing ky and k; changes
the optimal level of effort the politician allocates to legislative tasks. The marginal
effect on selection is tied to the first effect, in that by changing the equilibrium effort
the politician allocates to constituency tasks, the party leader changes the probability
that a given type will be re-elected. This effects the party leader’s utility in period 3,
as the [ type puts in more legislative effort in this period than the p type. The marginal
cost of re-election reflects the fact that re-electing a politician requires the party leader
to provide them with legislative benefits, which, in this setting, provides no utility to
the party leader directly and is thus costly.

Note that the derivative of x;; with respect to kg is reducing in V. Define V as

follows:
~ z
Vi=a — 5
It is easy to verify that if V > V, then g%’; < 0 for both 7. The following proposition

characterises the party leader’s optimal strategy when d = 0:

Proposition 3.5. Suppose I'. is being played, that V > V and that V + a, < 1. When

d =0, in any solution to the party leader’s maximisation problem, k:/L =0 and k:/H > 0.

The assumption that l~/+ap < 1 guarantees that z;; is reducing in ky when ky = 0, as
it rules out x; ; being a corner solution for both types if no legislative benefit is offered.
Setting k; > 0 is costly for three reasons. Firstly, it reduces the incentive to engage

in legislative effort. The politician receives at least l{:/L upon re-election. Hence, as k:/L
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increases, the re-election incentive increases and the cost to putting in less legislative
effort decreases. This increases the politician’s optimal level of constituency effort,
reducing their legislative effort.

Secondly, increasing kj increases the constituency effort level of p types more than
it does for [ types. Therefore, increasing k;;: above 0 increases the probability that a p
type will be re-elected, which reduces the party leader’s payoff in period 3. As the party
leader’s payoff is decreasing in k; due to both of these effects, it follows that k‘/L = 0.

Finally, increasing kj increases the probability of re-election, which is straightfor-
wardly costly when d = 0, as the party leader must reward the politician without
receiving any direct benefit.

There is an incentive to set ky above zero for similar reasons to k; = 0. Increas-
ing kp; increases legislative effort because it incentivises the politician to increase the

probability that » > r*. Furthermore it is clear that:
(% 1 8xl 1

= > 15
Oky Oky

(3.2)

Increasing the benefit associated with a high r decreases the constituency effort (and
therefore increases the legislative effort) of p type politicians more than [ types. Hence,
the probability that a p type will be re-elected reduces relative to the probability that
an [ type will be re-elected.

Recall that in game I[';, where commitment is not possible, the following holds:

k* = El(oz(l —a) + (1 —a)(l—ap)). (3.3)

C

Therefore, as d = 0 here, k] = kg = 0. Define the equilibrium of the game where the

party leader has no commitment power as the “no commitment equilibrium”. Define:

N; = maxy, p, {N(k;x(k,L;)}ie{1,c}.
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Proposition 3.6 relates the payoffs in of the no commitment equilibrium and the com-

mitment equilibrium:
Proposition 3.6. Ifd =0 and V >V, then N, > Nj.

When d = 0, the party leader always prefers the case where they are able to commit,
assuming that increasing kp increases the legislative effort of the politician. Commit-
ment allows the party leader to take into account the fact that their legislative benefits
decision influences the action profile of the politician. In the no-commitment case, the
party leader can only provide the legislative benefit according to the expected benefit
resulting from the appointment, which in this case is zero. Thus, when d = 0, the party
leader underprovides kg in the no-commitment case.

Now consider the case where d > 0. The derivative of the party leader’s utility

function with respect to each k; has three additional terms, which are as follows:

marginal effect on re-election; + marginal effect on screening;, +

marginal effect of appointment;, .

The marginal effect on re-election term captures the party leader’s only being able
to receive benefits to appointment if the politician is re-elected. As has been shown,
changing ky and kg affect the probability that the incumbent is re-elected. The party
leader values re-election when d > 0 because they can only provide legislative benefits
if the incumbent is re-elected. The probability of re-election is increasing in k; and
ambiguous in kg if V < V, then increasing ky increases the probability of re-election;
otherwise increasing ky decreases the probability of re-election.

The party leader’s choice of kg and kj, also has a screening effect, in that the choice
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of these variables has an effect on their ability to distinguish between [ type and p
type politicians, conditional on re-election. The party leader only wants to provide
legislative benefits to [ types, and hence prefers the case where the signal they receive
is maximally informative, all else equal. As shown above, an increase in kg (and kr)
has different marginal effects on 1, and x;;, which implies that changing k; affects the
party leader’s ability to screen.

More specifically, conditional on re-election, increasing kp increases the relative
likelihood that a signal of r > r* comes from a p type rather than an [ type. Hence,
conditional on a politician being re-elected, increasing kg reduces the party leader’s
ability to screen politicians and makes it more likely that they provide the p type
politician with a high level of legislative benefits, which is costly. For the opposite
reason, increasing kj, is beneficial for screening: the absolute value of the derivative of
Y1, with respect to ky, is larger than the same derivative of ¥ ;, and both are negative,
implying that the relative likelihood that a positive signal is from a [ type increases.

The last of the additional terms in the first-order condition relates to the benefit
associated with providing legislative benefits to the politician. The party leader receives
an expected payoff of providing a benefit of k to the politician equal to dk; times the
probability that k; is offered. Notice that this term is positive in both first-order
conditions - the party leader has an incentive to provide some legislative benefits to
politicians even if they produce a low signal. Low signal producing politicians still may
be of type [, and hence there is a payoff associated with providing them with some
legislative benefit.

It is clear from the functional form of the party leader’s payoff function that there
exists a ¢ € R, such that if ¢ > ¢ then N(k;z(k,I';)) is concave in the vector k. The

analysis above implies the following theorem, recalling that &} denotes the optimal level
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of k; when the party leader does not have commitment power:

Theorem 3.2. Suppose that V >V, a,+V <1 and c > ¢. Then there exists a unique
solution to the party leader’s maximisation problem, (k'L,k}I) Furthermore, then if

ki = k; then ki # k; for i # j. Hence, N. > Ni.

If increasing ky from zero reduces the each type’s level of constituency effort (which is
implied by a, + V' < 1), the party leader strictly prefers to have commitment power,
assuming V > V. Given the trade-offs highlighted by the discussion of the first-order
conditions of the party leader’s maximisation problem, it is possible that, for example,
ki = k3. However, if this is the case then it must be that k¥ # k;. Hence, the no-
commitment equilibrium is never identical to the the commitment equilibrium. As the
party leader could choose (k7 , k};) in the commitment case but chooses not to, it follows

that the commitment equilibrium is always strictly preferred to the no-commitment

equilibrium.

Second-mover disadvantage

To focus the discussion on the second-mover disadvantage faced by the party leader,
we assume they have commitment power and d = 0. We will compare I'., which was
discussed in the previous section, with the case where the party leader is able to provide
legislative benefits to the politician whether or not the voter re-elects them.? The
contract that the party leader offers to the politician in this case can be stated: (if r <
r*, then pay kp); (if > r*, then pay ky). Call the game where the party leader can

offer ky and kg to the politician regardless of the election outcome I's.

2This abstraction makes it possible to understand cases where the party leader has a second-mover
disadvantage - clearly the party leader would be unlikely to be able to provide such a benefit if the
incumbent were to lose the election.
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By the same argument as the one made for Proposition 3.6, the party leader will
only provide the politician a non-zero level of legislative benefit if r; > r*, that is,
kr(T';) =0 for i € (¢,2). The solution of the optimisation problem of the incumbent is
as follows:

2;1(0, kg, ') = max{a; — zky + V, 0}. (3.4)

The party leader’s optimisation problem in game I'; can then be stated:

N; = maxy, {N(k,z(k;T;)} i € {c,2}.

The analysis above showed that the party leader’s first-order conditions when game ¢
is played can be stated:

Effortkjf(pi)+Selectionk;(pi) + Re—electionkjf(pi) = ck:;‘(FZ)

It can be shown that the selection effect and the re-election effect in I'y are both equal
to zero. It is clear from (3.5) that the marginal effect of kg is not dependent on a;,

that is:
aCUl,l(kL, ks F2) _ axp,1<kL7 ks Fz)
kg kg '

The selection effect identified above is driven by the party leader’s ability to decrease the
probability that a politician of type p is elected more than they decrease the probability
that a type [ is re-elected. In the case where the party leader is able to reward the
politician is either way, the marginal effect of legislative benefits is the same for both
types and therefore the selection effect is zero.

Similarly, as the party leader does not move second in game I'y, they must provide
the politician with legislative benefits whether or not they are re-elected. Hence, the re-
election effect, which is driven by the party leader’s incentive to increase the probability

that the politician fails to get re-elected so that they do not have to provide them with
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the legislative, is zero in the case where the party leader does not move second.
Hence, there are benefits to the party leader from moving second, in that they are
able to affect the selection of candidates by the electorate with their choice of kg,
and there is some probability that they can commit to providing the politician with a
legislative benefit they do not then provide.
However, by not moving second, the party leader is potentially able to affect the
politician’s effort allocation at a reduced cost compared to in game I'.. The derivative

of ;1 with respect to ky in the case where the party leader moves second is as follows:

8%1(0, k’H; FC) i 2(1 — Q(Gl + V))

When V is low, or kj; is sufficiently high, the marginal effect of increasing ky on
legislative effort in I'. is lower than z, the marginal effect of kg on legislative effort
in I'y. In fact it is possible that if a; and V' are low enough, increasing kg actually
reduces the legislative effort of type [s, though this is not possible for type p politicians.
Second-mover disadvantage arises in cases where the party leader is able to induce a
high probability of receiving a positive signal at a lower cost than in the case they move
second.

The party leader is thus more likely to suffer from second-mover disadvantage in
cases where the optimal level of kg is relatively high in both games, which arises
because, for example, the benefit associated with a positive realisation of the party
leader’s signal, 6, is relatively high compare with the cost of inducing effort, c. When
the benefit to a positive realisation of the signal is large, the party leader wishes to
induce a high level of y;; for both types. In the case where they move second, the
party leader’s ability to increase v, ; becomes increasingly costly, because it becomes

increasingly unlikely that the politician will receive the reward being offered to them.
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The same is not true in game 'y, where the party leader can induce a legislative effort

ap—V
-

level of 1 for both types by setting kj; >

Theorem 3.3 formalises some of the above discussion:

Theorem 3.3. Suppose that d = 0. For all V and ¢ > 0, there exists a 0 € R, such
that if > 0, then N, < Ny: when these assumptions hold, the party leader suffers from

second-mover disadvantage.

As the payoff the party leader receives from a positive signal increases, the greater the
loss associated with the fact that when the party leader moves second, y; 1 is concave in
kg. If the politician can only be rewarded if they are re-elected, it becomes increasingly
more costly for the party leader to increase the probability of receiving a positive signal
because as y; ; increases the probability that the reward is received by the politician de-
creases. As 6 increases, this disadvantage of moving second dominates the selection and
re-election effects, and thus the party leader suffers from second mover disadvantage.

Hence if the party leader values the passage of high-quality legislation highly enough,
then they suffer from second-mover disadvantage. As they are not necessarily able to
reward a politician who has exerted the effort required to pass legislation, the party
leader is unable to incentivise the politician to exert such effort as much as they would
like to.

However, if the optimal level of kg is relatively low in both games, then the party

leader may actually prefer that they move second. For a start, when kg is low, the

0z1,:(0,km;Te)

selection and re-election effects are relatively large. In addition, O

is relatively
large when kg is small, which implies that kg is relatively effective at increasing y; .
In fact, if V' > 1 — @;, then moving second is actually more effective at decreasing the

legislative effort of both types for some positive values of ky.
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The above analysis implies that as c increases, the party leader’s second-mover
disadvantage is reducing, and in fact the party leader may actually prefer moving second

if ¢ is sufficiently large. We do not examine this possibility explicitly here.

3.6 Discussion

Introducing a second principal into the canonical model of political reputation not
only explains why politicians may frontload or backload time allocated to constituency
work, but also illustrates the incentive structure of the party leader. The party leader
generally lacks commitment power and moves second, both of which potentially leaves
them worse off.

If the party leader is unable to contract with the politician, they are unable to
internalise the distortive effect that legislative incentives have on the politician’s time
allocation. The time allocation of the politician affects the probability that the politi-
cian is re-elected, which in turn affects the party leader’s ability to gain utility from
providing politicians with legislative benefits. We find that the party leader is always
strictly worse off as a result of not having the ability to commit as a result of these
effects.

A further avenue of research would therefore be to examine the extent to which
legislative leaders and parties more generally are able to commit to offering legislative
appointments or other benefits to politicians. While party leader’s are not able to
directly contract with politicians, the fact that they repeatedly interact with politicians
in a dynamic setting suggests that they have reputational incentives of their own with
regards to promises made to politicians of their party. Analysing what shapes incentives

and how they may affect the party leader’s ability to in turn incentivise time allocation

147



towards legislative tasks would be an fruitful line of inquiry.

Moving second means that the party leader’s ability to incentivise the politician is
tempered by the fact that the politician can only reap any benefits provided by the
party leader if they are re-elected. This implies that, assuming the politician’s initial
level of time allocated to the constituency is not very high, the party leader is less able
to distort effort towards legislative tasks, which makes the party leader worse off when
the benefit to receiving a positive signal increases. The signal in this model captures
the utility the party leader receives from the passage of high-quality legislation. Hence,
as the desire for high-quality increases, the more likely it is that the party leader suffers
from second-mover disadvantage.

However, moving second does have potential benefits to the party leader, in that they
are able to affect the time allocation of the populist candidate more than the legislative
entrepreneur, so their action has a differential effect on re-election probabilities. As
well as this, the party leader only has to reward the politician if they are re-elected. As
there is a cost to providing legislative benefits, potentially forgoing this cost while still
incentivising the politician to engage in legislative effort is beneficial.

Furthermore, when the politicians gain large amounts of utility from being re-
elected, the party leader’s legislative incentive may actually be more effective at chang-
ing the politician’s action for some levels of the legislative benefit. The party leader
therefore may prefer moving second in the case where c is sufficiently large.

Several extensions to the general framework considered here would be fruitful. A
formal characterisation of the conditions under which the party leader prefers to move
second would provide a deeper understanding of the set-up. As well, considering the
extent to which there being two principals rather than one affects optimal effort allo-

cation would further illuminate the extent to which the party leader’s moving second
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distorts incentives.

3.7 Conclusion

When faced with two principals, the voter and the leadership of their party, politicians
need to decide what kind of reputation they wish to build. Depending on their prefer-
ence for legislative benefits, politicians may wish to be seen as being either a legislative
entrepreneur or a populist. If they value the benefits on offer from their party lead-
ership, politicians may risk not being re-elected in order to increase the probability of
receiving those benefits.

Our approach also captures the incentives of the party leader. The party leader
wants to select politicians who are interested in working on legislative tasks, while at
the same time also wants to have politicians of their party re-elected. If the latter
incentive is large, the party leader may prefer to be able to commit to not providing
legislative rewards, so as to ensure that the politician maximises their probability of
being re-elected. In general, however, they do not have the means of doing so.

Even if the party leader does not value re-election, we find that by offering the
legislative incentive they may actually reduce the legislative effort of some politicians.
If the benefit the politician receives from being re-elected is small enough, the legislative
reward acts as an incentive to increase effort in the constituency in order to increase the
probability of re-election, whereupon they can receive the benefits bestowed on them
by the party leader.

Both of the above points suggest that the party leader may suffer from both a lack
of commitment power and second mover disadvantage, both of which we examine.

We show that the party leader is always strictly worse off as a result of lacking
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commitment power. As a result of not being able to commit to a reward profile, the
party leader is unable to take into account the fact that the legislative benefit affects the
probability that the politician will be re-elected, affecting the probability of its payment.
Furthermore, the level of legislative benefit affects the probability that different types
will be re-elected differently: increasing the legislative reward decreases the probability
that the populist type will be re-elected. The party leader’s action therefore has a
selection effect, which they do not take into account when they are unable to commit
to an action profile.

Constructing a game in which the party leader can choose the level of legislative
reward and is able to reward the politician even if they are not re-elected makes it clear
that the party leader’s second-mover disadvantage is increasing as the expected benefit
the party leader receives from the passage of high-quality legislation.

Our analysis implies that second-mover disadvantage is more likely in periods of
time (or countries) in which partisanship is less salient. In such circumstances, re-
election is relatively less valuable, and good quality legislation is more highly valued.
As moving second makes re-election more likely and a positive realisation of the party
leader’s signal more likely, it follows that moving second is more costly than in cases
where party leadership is more focused on the re-election of members of their own party.

However, if the cost of rewarding the politician is sufficiently high, the party leader
actually prefers the case where they move second. Moving second makes it more likely
that the party leader incentivises the politician to engage in legislative effort without
having to provide the legislative reward, which is costly. Furthermore, when the optimal
level of legislative benefit is sufficiently low (for example, because it is costly to reward
the politician), the party leader’s action may actually be more effective at increasing

legislative effort when they move second than when they do not.
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Appendix

Proof of Theorem 3.1

The characterisation equilibrium follows from the analysis in the main text of the paper.
To see that PBE is unique, consider each of the periods in turn:

Period 3: Given the party leader’s preferences, the stated strategy is uniquely optimal
for every possible history of the game, and the belief profile « is pinned down by Bayes
rule. The stated strategy in the proposed equilibrium strategy in period 3 is uniquely
optimal for each type of politician given any profile of past actions by the politician
and the two principals.

Period 2: Given the voter’s preferences, the stated strategy is uniquely optimal for
every possible history of the game, and the belief profile p is pinned down by Bayes’
rule.

Period 1: Given the fact that the action profiles in each future period are unique for
a given set of parameter values, it follows that the action profile described in Theorem
3.1 is unique.

As the strategy profile for each player at each period period is unique for a given set of

parameters, it follows that the uniqueness statement in Theorem 3.1 holds.

Proof of Proposition 3.1

From Section 3, if the optimal effort allocation of the politician is interior, then it is

expressed:
a; + q*(zkH + Vz)
1+ 2zkr*

Ti1 =

This expression is equal to a;when the following holds:
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¢ (zikg +V;) > 221%7“*,

which implies that the threshold value of Z; can be expressed as follows:

Vi
F=_ 15 (3.5)
2kr* — q*ky

Hence, if z < z, then the politician’s first period effort is (weakly) greater than their
effort upon re-election, with the inequality strict if the politician’s effort allocation is

interior.

Proof of Proposition 3.2

The proof follows immediately from equation (3.5) in the proof of Proposition 3.1.

Proof of Proposition 3.3

By the definition of v and k*, it is clear that k;, < ky. Furthermore if d > 0, then
0<kp<ky.

Call the probability of the politician being re-elected p;(k, kz), where p;(.) : R —[0,1]
is a decreasing function because we have assumed that xy; < Z1;. The total expected

benefit to the party leader receives directly re-election is p;(k)v. As v — oo, the benefit
of increasing p;(k) approaches infinity, which would imply that there exists a © that is
sufficiently large such that N(k, ) = N(0,0) where k > 0.

Combined, the two paragraphs above imply that there trivially exists some threshold

value of v, v, above which the party leader’s utility is strictly higher in the equilibrium

where they can commit to not offering a legislative benefit.
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Proof of Proposition 3.4

Recall that inequality (3.1) above is as follows:
a; + (zk3; + V)
1+ 22k

Re-arranging (3.1) then yields the following expression:

ki 1
H > 9(q 2.
422 tet )

As the left hand side is greater than 1 in equilibrium, it follows that if 2a; +411 < 1, then

there exists an e € R, such that if e < e, then the above inequality holds.

Proof of Proposition 3.5

Let “type 1” denote type [ and type 2 denote type p. Define x as the vector (z1,(kg, k1), v1,(ki, k1))

The party leader’s utility function in this case can be stated:

2
1
N(ZD(k’L, kH7 F])) = Z 0.5(3/1'7194-1'1"1((1—&i)e—yLi(—

1
2ck%{) —:z:u(—ck%)) +0.50(1 —2;1)
i=1

2

with the last term resulting from the fact that 0.5(1—q;)0+0.5(1—a,)0 = 0.56 given that
a; = 1 — a, by assumption. As argued in the main text, if V' < V then %’T’km < 0.

This follows from the following observations:

1. 21 < for both i if @, + V < 1;
L

2. %9:’; > 0 for both ¢ if a, + V < 1 and ¢ > 0 s0 y1,(3ck¥;) and (1 — y1,;)(5ck?) are

both less than zero;

3. aifié; > 0 and 0.5 < a,. Hence, 37 0.5(x,a; + 0.5(1 — x1,)) is decreasing in

kr if a, +V < 1.
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Observations (1)-(3) indicate that N(a(kr,ky)) is falling in k7, hence k; = 0. Note

that if V >V, then 24 > (),
H

Define: Z?:1 0.5z;1a;+0.5(1 — ;1) :==Y. By point 3 above, % > 0. Hence, when

kg = 0, it must be that %’W > (0. This holds as:

0yi oY

%MHZO + %’h{:o > 0.

This result implies that in any solution to the party leader’s maximisation problem,

ky > 0.

Proof of Proposition 3.6

As shown in the main text, in the no-commitment equilibrium, £}, = 0 when d =

0. However, as shown in the proof of Proposition 3.5, if V' > V, then l{:'H > 0 and

ON(z(kr,km))

Dyt lky=o0 > 0. Hence, any equilibrium in the commitment case yields a higher

utility than in the no-commitment case.

Proof of Theorem 3.2
Suppose that d > 0. Then the party leader’s payoff can be expressed:

2

Nk b T5) = 3 (030(0(T) + 20(T) (1~ 08 + yia(T) (A1 — kg — k)

i=1

+ (1 =y (Ty))(d(1 — a;)ky, — %cki)) +0.50y;.1(T;).

If c > cand a,+V <1, then it follows that maximisation problem maxy, », N (kr, kn)

has a unique interior optimum, which must solve the first-order conditions:
ON (kp, ky; Te)
Ok;

=0forj=1L,H. (3.6)
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Note that:

S 052, (k) (y14(k)(d(1 — a;) — ck)) = O for j = L, H

by the definition of k£}. The term on the right hand side of the equation is present in
both the first-order condition in (3.7). Hence for k; = k% and k}; = ki, it must be that
the other terms in the first-order conditions in (3.6) are equal to zero for the vector
(k3. k3) . Define:

B o) i 2Vl L = 3050 ) 4~ k)

For (k3 ,k3;) to be the solution to the party leader’s first-order condition it must be the
case that:

By, (K, ki) = 0 for j = L, H (3.7)

Given the above functional form of the party leader’s utility function, B, (kr, kg) can

be written:
8a:l 1 6.%’]3 1

Br; (kr, kwr) = (8k: Ik )

where g(.,.) is a linear function that is non-constant in both of its inputs. When 27 ; is

interior for both ¢, it must be the case that:
al’i,l 395i,1
Oky Oky

(3.8)

Given the result in (3.8), it must be the case that no interior equilibrium can satisfy
the two conditions implied by (3.7) simultaneously. Hence for all d > 0, if k} = k},
then k% # kj and vice versa. Noting that when d = 0, k} # k; and k}; # kj;,this
result implies that the party leader strictly prefers the commitment equilibrium to the

no-commitment equilibrium for all d € [0, c0).
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Proof of Theorem 3.3

Again, let “type 1”7 denote type [ and type 2 denote type p, as in Proposition 3.5. The

party leader’s payoff function when I, is played can then be stated:

1
N(0, kg; T Z 0.5(yi.1(Te)0 4 241 (T) (1 — a;)0 — yi,l(rc)sckz)) +0.50y;.1(T.).

The equivalent payoff function for I'y is as follows:

1
0 k’H, FQ Z 0. 5 yz 1 FQ (—Ck]z_l)) —+ $Z‘71(F2)<1 — Gl)g + 059y171(F2)

2

Define:

~ 1
N(k:0,c,V,2) Z 0.5(3i1[0 — (1 — 241 (T, )](5%) + £31(1 — a;)0) + 0.50; 1.

where giul = yi71(F2) —yu(FC) and Zi'@l = ZEZ‘J(FQ) —171‘71(FC). N(kﬁ, 9, C, ‘/, Z) then denotes
the different between the party leader’s utility in I'y and game T'.. Note that if:

K () > a, +V
z

then the probability that the party leader receives a positive signal is equal to 1 for
both types. Given the expression for N (0, kg; T'9), it is clear that for any ¢ there exists
a 6 > 0 such that if # > 0 the above inequality holds.

Note that, given the expression for z],(T.), there is no finite value of ky for which
z7,(Te) = 0. Hence, N(k;0,c,V, z) is increasing in # function, and N(k; 6, ¢, V, z) — oo
as  — co. It follows that there exists a § € R, such that if > 0, then N(#) > 0, and

hence the result is proved.
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Conclusion

In Chapters 1 and 2, we consider the incentives of a profit-maximising platform owner
who is able to affect which sellers groups of consumers observe. We consider several
ways in which the platform owner could be constrained in matching buyers to sellers,
including the owner only being able to choose: the probability that a seller is prominent
to buyers; the probability that an entrant is observed, keeping the rest of the network
fixed; and to what extent product ratings determine the probability that a seller can
be observed.

A consistent observation throughout both chapters is that the platform owner faces
a trade-off when increasing the probability that buyers and sellers are matched: a
match generates sales and therefore profit, but at the same time, the more sellers a
buyer observes, the more competition there is across the entire network. The nature of
price competition on networks, and specifically the fact that indirect connections affect
prices, means that concentrating competition by making a subset of sellers prominent
decreases prices.

The platform owner resolves their trade-off by reducing the extent to which sellers
are prominent. Doing so results in fewer high-quality matches but generates higher
prices, and therefore yields higher aggregate profits.

The platform owner’s incentive to reduce seller prominence and seller observability
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more generally is harmful to consumer welfare. Consumer surplus is highest when
buyers observe as many products as possible and prices are low. The complete network,
where buyers observe sellers with probability 1, therefore always maximises consumer
surplus.

Platform owners in general thus have an incentive to design platforms in a manner
that is harmful to consumer welfare. They tend to prefer networks where competition
is less concentrated, which in turn implies that buyers observe only a subset of the total
products on the market, including those that are high-quality.

In the last decade, competition authorities have taken an increasing interest in en-
suring that large online markets function such that there is enough competition between
platforms. However, as platforms across the digital commerce sector consolidate, the
extent to which platforms that link buyers and sellers can control the market environ-
ment in which competition takes place becomes increasingly important.

Our analysis indicates that policymakers should ensure that platform owners are not
distorting intra-platform competition to increase prices and harm consumer welfare. To
do so, competition authorities would need to examine the search processes that large
online retail platforms use to match buyers with sellers. Specific recommendations on
how to improve competition would be platform- and market-specific, as our analysis in
Chapter 2 suggests.

In Chapter 3, we examine the optimal effort allocation of a politician who is incen-
tivised to engage in constituency effort by voters and legislative effort by their party’s
leader in Congress. Doing so explains why some politicians choose to frontload their leg-
islative effort, while others backload it: if a politician values legislative rewards highly,
then they have an incentive to build a reputation as someone who cares about legislative

work at the expense of their constituency.
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Our analysis also sheds light on the party leader’s incentive to provide the politician
with legislative benefits. As the party leader is only able to reward the politician when
the politician is re-elected, the effectiveness of the party leader’s action is potentially
constrained, and they may in some cases prefer to actually increase constituency effort,
as in doing so the politician is more likely to be re-elected and thus be able to potentially
claim the legislative benefit.

If the party leader cannot commit to a schedule of legislative rewards prior to the
politician’s performing their action, they are unable to take into account the fact that
their reward affects the likelihood that the politician will be re-elected. This implies
that the party leader is always strictly worse off in the case where they lack commitment
power.

Furthermore, the party leader loses out because they move second. Since their action
becomes less effective as the probability that the politician is re-elected becomes low,
if the cost of rewarding the politician is low compared to the benefit associated with
high legislative effort, the hypothetical case in which they would be able to reward the
politician whether they are re-elected or not would be better for the party leader than
the case in which they move second. If, however the cost of providing legislative rewards

is high enough, then the party leader may actually prefer that they move second.
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