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Abstract

This thesis contains three essays in Industrial Organisation. The first two are united by
a common theme: the role of bounded rationality in shaping market behaviour.

In Chapter 2, we provide a novel explanation of the relationship between product
quality and variety. We develop a theoretical model with nearly rational consumers who
randomize among all alternatives that yield the same utility for them but can mistakenly
choose a slightly worse alternative. We show that a firm price discriminates more effec-
tively if it offers more varieties of its higher-quality, more-profitable, products. When the
market is thin at the very top quality level, the number of varieties first increases and
then decreases as quality increases.

In Chapter 3, we consider a model of Bertrand oligopoly when consumers are bound-
edly rational and make their purchase decisions probabilistically, according to the Luce
model. We consider three different cases: first, we characterize equilibrium when firms
face boundedly rational consumers with the fixed irrationality parameter \; second, we
discuss the case of obfuscating oligopoly, when firms can invest in order to confuse con-
sumers, i.e. to increase their \; and third, we consider educating oligopoly, when firms
can choose to invest to decrease A. We show that while it is worthwhile for the firms to
confuse the consumers, it is only optimal to educate them if they are sufficiently ratio-
nal at default. We also analyze how the social welfare, consumer surplus and the firms’
profits depend on the number of firms.

The final essay, Chapter 4, examines the optimal procurement mechanisms when
the procurer tests potential contractors for reliability either before or after the auction.
Testing suppliers before the procurement auction is the procedure typically followed by
US supply chains, while public procurement in the European Union typically take place
by running an auction first and then testing the reliability of the low bidders afterwards.
We compare both approaches and show that when testing can be performed at no cost
and the procurer and contractors are risk neutral, the timing of the test (before vs after
the auction) has no effect on the procurer’s expected surplus, the contractors’ expected
payoffs, or the total surplus. In case of costly testing a risk neutral procurer would prefer

testing after the auction.
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Preface

This thesis contains original research in Chapters 2 through 4.

Chapter 2 is based on joint work with S. Basov. The theoretical model we developed
was combined with empirical work done by D. Prentice, which resulted in the following

published paper:

Basov, S., S. Danilkina, D. Prentice (2020). When Does Variety Increase with
Quality? Review of Industrial Organization, 56(3), pp. 463—-487.

Chapter 3 is based on the following published paper:

Basov, S., S. Danilkina (2015). Bertrand Oligopoly with Boundedly Rational Con-
sumers. The B.E. Journal of Theoretical Economics, 15(1), pp. 107-123.

Chapter 4 is based on joint work with C. Mezzetti.

All co-authorship has taken place in accordance with the Graduate Research Training

Policy of the University of Melbourne.
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Chapter 1

Introduction

This thesis contains three essays in Industrial Organisation. The first two are united by
a common theme: the role of bounded rationality in shaping market behavior. The third
essay explores the optimal procurement auction when the potential ability of contractors
to perform the task is not known beforehand and must be tested. The crucial issue is
whether such testing should occur before or after the auction is conducted.

The concept of bounded rationality was first proposed by Simon (1957). From that
time a rich literature has developed describing systematic errors made by experimen-
tal subjects (see, for example, Arkes and Hammond, 1986; Hogarth, 1991; Kahneman
et al., 1982; Nisbett and Ross, 1980) and incorporating bounded rationality into decision
making. The latter models can be divided into two groups: static and dynamic.

In static models choice is assumed to be probabilistic. It is typical in this type
of models to impose some intuitive restrictions on the choice probabilities and study
the probability distributions that satisfy these restrictions. They were introduced into
economics by Luce (1959) and have already found their application. See, for example,
McKelvey and Palfrey (1995, 1998), Chen et al. (1997), Sonnemans et al. (1998), and
Anderson et al. (1998, 2001).

In dynamic models individuals are assumed to adjust their choices over time in direc-
tions that appear to be beneficial. The dynamic approach originated in the work of Bush
and Mosteller (1955), was introduced in economics by Arrow and Hurwicz (1960), and is

represented, for example, by papers of Foster and Young (1990), Fudenberg and Harris



(1992), Kandori et al. (1993), Young (1993), Friedman and Yellin (1997), Anderson et al.
(2004), Friedman (2001), and Basov (2003).

In the steady state the dynamic models also result in a probabilistic choice between
the alternatives. Therefore, in these essays I model boundedly rational behavior as a
probabilistic choice. However, see Basov (2005) for some caveats to this approach.

It is often argued that the deviations from rational behaviour by individual agents,
though real, are sufficiently small to affect aggregate economic outcomes in any significant
way. If these deviations are also independent across the agents, then they tend to cancel
each other. In the first two essays, [ will argue for the opposite point of view, by providing
specific examples in which consumers exhibit boundedly rational behaviour, and indeed,
are nearly rational, yet the consequences of their behaviour are quite significant in shaping
the market interactions.

The first two essays are based on the probabilistic choice model, first introduced by
Luce (1959), where probability of choosing alternative j from the set of available options
M is given by:

Vi

prob(j) = m, (1.1)

where the function V' : M — R is called a scaling function. Let us consider the function
U = InV and interpret it as the utility function. Then the above probability distribution,
as a function of U, is the same as the logistic one. A mathematically identical model
for choice probabilities is popular in empirical Industrial Organization, where it is known
as the logit model (see, for example, Anderson et al., 1992), where it is interpreted as
a model of unobserved heterogeneity in tastes. Despite their mathematical similarity,
the Luce model and the logit model are conceptually different. In the Luce model each
agent’s choice is probabilistic, while in the logit model the choice of individual agent
is deterministic utility maximizing choice, which only looks to be probabilistic to an
econometrician who does not observe the horizontal component of preferences. The latter
observation has important welfare consequences. For example, adding an extra alternative
to the menu will always weakly improve utility of the agents under the logit interpretation,

but in the Luce model, it may under some circumstances decrease the expected utility of
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the agent. I will return to this point in my essays.

The thesis is organized in the following way.

The first essay, Chapter 2, applies a model of boundedly rational probabilistic choice
to provide a novel explanation of the relationship between product quality and variety
and is based on the joint work with S. Basov. The theoretical model we developed was
combined with empirical work done by D. Prentice, which resulted in the publication by
Basov et al. (2020). Chapter 2 develops a simple theoretical model with nearly rational
consumers, who randomize among all alternatives that yield the same utility for them
but could make a mistake of choosing a slightly worse alternative. It is shown that it is
optimal for a firm to offer more varieties of its higher quality, more profitable, products,
in order to price discriminate more effectively. When the market is thin at the very top
quality level, the number of varieties first increases and then decreases, resulting in the
overall hump-shaped relationship between the number of varieties and quality. These
predictions found empirical support in the Australian car market, see Basov et al. (2020).
The model also makes an important theoretical observation: under bounded rationality
the Revelation Principle no longer holds. Though that by itself is not surprising, an
interesting observation is that a small deviation from rational choice on the part of the
consumers could lead to a significant change in the monopolist’s optimal product line,
adding an extra dimension to it, multiple varieties at each quality level.

The second essay, Chapter 3, considers a model of Bertrand oligopoly and is based on
Basov and Danilkina (2015). The behaviour of the consumers is modelled in the same
way as in Chapter 2, i.e. they are boundedly rational and make their purchase decisions
probabilistically, according to Luce’s model. Three different cases are considered: first,
we characterize equilibrium when firms face boundedly rational consumers with the fixed
irrationality parameter \; second, we discuss the case of obfuscating oligopoly, when
firms can invest in order to confuse consumers, i.e. to increase their A\; and third, we
consider educating oligopoly, when firms can choose to invest to decrease A\. We show
that while it is worthwhile for the firms to confuse the consumers, it is only optimal

to educate them if they are sufficiently rational at default. We also analyze how the



social welfare, consumer surplus and the firms’ profits depend on the number of firms.
In this framework competition has two beneficial effects from the social point of view:
it increases the chance that a consumer will buy the product and decreases the amount
of obfuscation. The second effect arises because obfuscation is a public good from the
firms’ point of view and, therefore, the firms try to free ride on each other. From the
consumers’ point of view, there is another beneficial effect of competition - it leads to
decrease in price.

The third essay, Chapter 4, examines the optimal procurement auctions, when the
ability of contractors to complete the project is not known beforehand and must be
tested. The crucial issue is whether such testing should occur before or after the auction
is conducted. We compare both approaches and show that when testing can be performed
at no cost and the procurer and contractors are risk neutral, the timing of the test (before
vs after the auction) has no effect on the procurer’s expected surplus, the contractors’
expected payoffs, or the total surplus. In case of costly testing a risk neutral procurer
would prefer testing after the auction.

Chapter 5, concludes.



Chapter 2

When does variety increase with quality?

2.1 Introduction

A casual look at the shelves of a supermarket or at producers’ web sites reveals that higher
quality products often come in more varieties than do lower-quality products within the
same category. For example, branded products almost always have more varieties than
the stores’ generic brand, and premium products (e.g., Pickwick tea) often have more
varieties than their entry-level peers (e.g., Lipton tea).

The profitability of product lines has been analyzed empirically (Thomadsen, 2012)
and theoretically. The existing theoretical literature-such as Neven and Thisse (1990)-
has studied how the relationship between variety and quality might arise from consumer
preferences. This paper instead concentrates on how the relationship between quality
and variety might emerge through the actions of a firm that implements second-degree
price discrimination to consumers who value quality but not variety.

We study a standard probabilistic choice model of consumer behavior, Luce’s (1959)
model, and introduce nearly rational consumers who predominantly randomize among
products that yield the same utility. We demonstrate that the monopolist finds it optimal
to offer more varieties of higher-quality, more-profitable products to increase the likelihood
that those products are chosen by consumers. If the market is thin at higher-quality levels,
then the number of varieties is shown to be hump-shaped rather than always increasing

with quality.



This chapter makes two main contributions to the literature: First, the theoretical
model provides a new explanation for a systematic relationship between quality and va-
riety: driven by price discrimination rather than solely by the distribution of preferences
or costs. The model predicts either a positive or a hump-shaped relationship between
quality and variety. Second, in contrast to most of the existing literature, such as Lan-
caster (1990), we show that a monopolist can produce a greater-than-optimal number of

varieties: Variety proliferation is wasteful.

2.2 Consumer Behavior

The model that is developed in this paper combines two strands of literature: the proba-
bilistic choice literature, and the monopolistic screening model. In this section, we adapt
a standard probabilistic choice model-the Luce (1959) model-that introduces nearly ra-
tional consumers who randomize among products that yield them the same utility.
Anderson et al. (1992) summarized four types of reasons that lead to probabilistic
choice.
Mattsson and Weibull (2002) showed that choice probabilities, p;, under plausible

assumptions, can be written as:

pr = P/ (2.1)

> gy exp(u/)

where: ¢; is the default probability of choosing alternative i; wu; is the corresponding
utility; and A is a positive scalar.

If by default all alternatives are equally likely to be chosen, one arrives at the Luce
model:

> exp(uy/A)

'Mattsson and Weibull interpret A as capturing deliberation costs and representing the relative weight
that the decision-maker attaches to the disutility of choosing probability assignment across outcomes
other than q.
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We interpret \ as the parameter of irrationality, with higher values corresponding to less
rational behavior. When A\ approaches zero, the consumer is almost rational: She assigns
equal positive probabilities to all utility-maximizing options and zero probabilities to the
other alternatives. When A approaches infinity, the consumer selects all alternatives with
equal probabilities, without any regard for the utility that they yield to her.

The Luce model predicts that the introduction of different alternatives of the same
product will significantly increase the overall demand for that product. This is usually
considered to be a problematic feature but we argue that it is, in fact, a useful property
for our analysis. This implication of the Luce model is usually criticized by using the
blue-bus-red-bus paradox: Adding an alternative-—which differs in an irrelevant aspect,
such as the bus’s color-reduces the probability of other alternatives (such as going by
car) being chosen: see, for example, Ben-Akiva and Lerman (1985). In principle, adding
a perfect substitute to an option would most likely result in no change to the probabilities
of choosing other options.

However, there is experimental evidence that shows that offering greater variety is
associated with greater market share (Huber and Puto, 1983; Berger et al., 2007). Indeed,
Huber and Puto (1983) argue that it is possible for the attraction effect of additional
varieties to offset the substitution effect of adding a close substitute which results in an
overall increase in the firm’s market share as suggested by the simple Luce model.

The attraction that is associated with additional varieties seems potentially more
applicable to our case. Consider a buyer who walks into a car dealership and sees two
cars on display: a Mercedes-Benz and a BMW. Suppose, given the prices, that the buyer
is indifferent between the alternatives. Hence, she will choose each with 50% probability.
Now assume another variety of Mercedes-Benz is on display, such that the two differ
in only a minor way. It seems plausible that having both models on display may well
increase the probability that a Mercedes-Benz is chosen. In the Mattsson and Weibull
(2002) formulation, this corresponds to the default probabilities of choosing any of the
three cars as being similar.

Hence, we adopt and build upon the Luce model because it captures, in the simplest



possible way, the property that the products with more varieties are chosen more often,
everything else being equal. This feature is present in almost all of Mattsson and Weibull’s

classes of models.?

2.2.1 The Nearly Rational Consumer

Assume that the probability of different choices by the consumer is given by a continuously
differentiable function:

p() R x R, — A", (2.3)

which assigns probability of choosing each option for every utility profile given the con-
sumer’s irrationality parameter A, such that u; = w; implies p;(u, \) = p;(u, A): Alter-
natives with the same utilities are chosen with the same probabilities; and p(u,0) is a
3

uniform distribution over the utility-maximizing alternatives.

Let M be the set of the utility maximizers:

M = {u; : u; = max{uy, ....u, } }. (2.4)

Definition. A consumer whose choice probabilities are given by (2.3) is said to be nearly

rational for a given set of alternatives if

A § = i F— ). 2.
<< ujej\?,ngkgM(uj u) (2.5)

In words, a consumer is nearly rational if the parameter of irrationality A is much smaller
(sign << reads “much smaller”) than the difference between the utilities of the best and
the second-best alternatives. The exact meaning of “much smaller” depends on the extent
of randomness to be permitted in decision-making.

Thus, a nearly rational consumer chooses all utility-maximizing alternatives with equal

2Note that we are not considering the effects of evaluation costs, as is highlighted in Kuksov and
Villas-Boas (2010) who assume that greater variety may prevent consumers from participating in the
market. In our model, unlike Villas-Boas (2009), adding a horizontal dimension (varieties) adds depth
to the product line without affecting its length. The reason for this, again, is the absence of evaluation
costs.

3Luce probabilities, as in equation (2.2), satisfy these properties.
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probability and chooses all other, suboptimal, options with negligibly small probabilities.*
Note that this definition applies to the general class of probabilistic models, not only to

the Luce model.

2.3 The Monopolistic Screening Model

Now let us briefly review the basic screening model, in the tradition of Mussa and Rosen
(1978), with rational consumers, which is the second building block of our theoretical
model. We analyze whether the monopolist should offer the second-best contracts (i.e.
quality /price bundles) that are derived from it to the consumers who are only nearly, but
not fully, rational.

Consider a risk-neutral monopolist that produces a unit of a good of quality x at a
cost C'(x), where C(-) is a strictly convex, twice differentiable function. A consumer of

type 6 has a unit demand and her utility, v(6, x,t), from buying it at price ¢ is given by:
v(0,x,t) = 0x —t.

If the consumer does not purchase the good, she receives zero utility. The consumer’s
type 6 is the private information of the consumer, where 6 € {6;,....,0x} with 0 < 0; <
0y < .. <Oy and Pr(0 =6;) =p;, > 0.

Sellers typically react to consumer heterogeneity by devising product lines where each
product is targeted to a specific type of consumer. Let us make an assumption that
guarantees that all types of consumers are served, x; > 0: The following inequality holds

for all 7 :

1-F

where P, = Pr(0 < 6,) = > p;.
j=1

Then the equilibrium qualities z; satisfy the following condition:®

4Exponentially small in a Luce model.

SNote that P; < 1 for i < N and Py = 1; therefore, type 0y is served efficiently, and the quality
consumed by all the other types is downward biased. This observation was first made by Mussa and
Rosen (1978).
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1-P)

and in the equilibrium the higher type buys a good of a higher quality: z;11 > ;.

To find the corresponding optimal prices t;, recall that the constraint reduction the-
orem (Stole, 1999) implies that the consumer of type #; with ¢ > 1 is indifferent between
her own quality/price contract (z;,t;) and that designed for type 6;_1, but strictly prefers
it to all other contracts; while the consumer of type 6, is indifferent between her own
contract and not participating, but strictly prefers it to any other contract. Therefore,

the optimal prices t; are determined from binding incentive-compatibility constraints:
91‘% — tz = Hixi—l - ti—l and 911’1 = tl. (28)

Define 7; as the equilibrium profit that is earned on a contract that is designed for

consumer of type 6;, by

i =1t — C(x;). (2.9)

It is straightforward to show that the monopolist earns a higher profit on a contract that

is designed for a higher type consumer: For all ¢

Aﬂ'i =T; — Ti—1 > 0. (210)

The qualities that are specified by (2.7) and the corresponding set of prices define the
menu of the second-best contracts for rational consumers that implements second-degree
price discrimination.

To determine whether it is optimal for the monopolist to offer these contracts to nearly
rational consumers, let us first define near-rationality in this context: The difference
between the utility that consumer of type ¢ obtains from selecting the contract designed

for her and that from the contract that is designed for type j is given by

'U(ei, l’l,tz) — U(ei, l’j,tj) = 91(1'1 — SCj) — (tl — tj) (211)



WHEN DOES VARIETY INCREASE WITH QUALITY? 11

Let

§ = i 0;(x; —x;) — (t; —t;))° 2.12
i (0w = ;) = (6 = 1) (2.12)

Then, according to (2.5), the consumer is nearly rational, given the menu of the second-

best contracts, if

A << 0. (2.13)

For the remainder of this paper, we assume that condition (2.13) holds: The consumers
are nearly rational.

When the monopolist offers this second-best menu to rational consumers, each con-
sumer of each type 6; selects the contract (z;,t;) that is designed for her, even though
she is indifferent between it and the contract designed for type 0;_;.” However, a nearly
rational consumer of type 6; will randomize between these two utility-maximizing con-
tracts and will also choose, with negligible probability, the suboptimal contracts that are
designed for other types.

Therefore, if the monopolist offers this menu to nearly rational consumers, approxi-
mately half of them will choose the contract that is designed for them, another half will
choose a contract that is designed for the type just below them, and a negligibly small
fraction of the consumers will choose one of the strictly dominated alternatives. Com-
pared with the equilibrium with rational consumers, just over half of consumers choose
contracts that return lower profits per unit sold.

The monopolist, as a result, will experience a drop in its profits that is quite large:
O(Am), where Ar is the average of the Am;’s, which is of a higher order of magnitude
than .

If the consumers are fully rational, an infinitely small price change is enough to force
them to choose their own contract, but it is not sufficient for nearly rational consumers.
Because small price changes lead to a small change in probabilities, almost half of the con-
sumers will still choose the wrong contract. To alter consumer behavior substantially, the

monopolist will have to reduce prices in such a way as to violate the binding constraints

SFor i = 1 option i — 1 is interpreted as the outside option: not buying.
"This outcome can be justified as a Bayes-Nash equilibrium.
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by some finite amount.®
The better alternative to a significant price cut is for the monopolist to create multiple
varieties for each quality level, which will ensure that consumers choose their own contract

more often. Next, we investigate the variety proliferation model to explore this possibility.

2.4 The Variety Proliferation Model

In this section we analyze how variety proliferation makes price discrimination more
profitable by overcoming the problem of consumers’ randomizing away from the most-
profitable product for their type. We demonstrate that the relationship between the
number of varieties and quality is either increasing or hump-shaped if the market is very
thin at high quality levels.
If the monopolist offers n; different varieties of the good of quality z; then the pro-
portion ¢; of consumers will buy it:
n; n;

G =pi———— +Pit1

_— (2.14)
ni—1+n; N + Nyl

where: p; is the proportion of consumers of type 6; in the population; n;/(n;—1 + n;) is
the proportion of type 6; consumers who choose their own contract; n;/(n; + n;.1) is the
proportion of consumers of type 6;,1, who also choose the contract that is designed for
type 6;; while the proportion of consumers who choose a strictly dominated alternative
is negligibly small. We assume that the outside option, of not buying, is unique: ny = 1.
It is important to note that varieties at the same quality level yield the same utility to
each consumer.

Assume that the marginal cost of the process of adding a new variety, ¢, is positive
and does not depend on the quality of the good.® We will use the qualities and prices that

are optimal for rational consumers as an approximation for those that are optimal for

8Basov (2009) shows that the required change in prices in an optimal contract is of the order of A1ln \,
which corresponds to the proportion of consumers who make a mistake as being of order A.

9This is the incremental set-up costs of getting a new variety into production. The costs of the
production process itself are accounted for in equation (2.9).
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nearly rational consumers.!® The monopolist, therefore, chooses the number of varieties

of each quality to maximize profit:

N

max (qim; — cny),
{nadiza 52

where probabilities ¢; are given by (4.2), and m;—the profit that is earned on the consumer
who chooses quality x;-is given by (2.9). After some algebra one arrives at:
N
n; ni—1

max T —————— + Py ————— — ). 2.15
{nadiy v ni—1+n; P 17%'71 + N ) ( )

Ignoring the constraint that n; should be an integer, one can write the first-order condi-

tions:
piATrini—l B pi+1A7Ti+1ni+1

=c, =1,..., N, 2.16
(ni—1 + ny;)? (n; + nip1)? ¢ ' ( )

where we defined pyi1 =0, nyy1 =0 and ng = 1.

Let us introduce the following dimensionless parameters:

_ Pi1ATiy c

k; , g = :
' piAT; ‘ piAT;

i=1,...,N. (2.17)

where ky =0 and ¢; = enkn_1...k;.

The amount p; 1 Am;, 1 represents the potential loss of profit if all consumers of type
;11 switch from the product that is designed for them to the product that is designed
for the type just below them: 6;. To make this more concrete, recall that in section 4,
when the monopolist offered one variety of each quality level, approximately half of the
consumers of type 6,1 choose the product that is designed for 6;, leading to the loss of
%piJrlAﬂ' i+1-

The parameter k; characterizes the relative importance of the potential gains to be

achieved from the two adjacent types—0;,1 and 6,—if they are to buy the product that is

10Tt is not optimal to adjust qualities for nearly rational consumers since that adjustment will disrupt
the trade-off between information-rent extraction and efficient provision of low types. Therefore, one has
to choose between adding new varieties and adjusting prices. Results in Basov (2009) and condition (23)
imply that the former is more profitable.
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designed for them. When £; is close to zero, the profit to be gained on the higher-type
consumer is insignificant compared to the profit from the lower type: due either to the
lower profit margin Am;,; or to the much smaller number of customers p; ;. If k; is close
to one, the monopolist cares equally about ensuring that each type buys her own product.

The parameter ; measures the cost of introducing a variety relative to the overall

potential gain in profit. The first order conditions can now be rewritten as:

ni—1 Ni41 .
—]C,L =&, ’lIl,...,N. 2.18
(ni—1 +n;)? (i + niy1)? ( )

As we can see from the equation, the way the optimal number of varieties changes with
quality depends crucially on the parameter k; and the marginal cost c.

Next, we establish the qualitative predictions of our theoretical model: When the
marginal cost of adding an extra variety is very small, the number of varieties dramatically
increases with quality, unless the market becomes thin at very high-quality levels. In the
latter case, the number of varieties decreases at those higher qualities, resulting in the
overall hump-shaped relationship between the number of varieties and quality.

To establish these results, we consider two limit cases: first, the case with k; ~ 1 (i.e.,
k is of order of magnitude 1) for all i; second, the case of a thin market at the top: when
there exists index j such that k; << 1 for all ¢ > j, while k; ~ 1 for all i < j, as in the
first case. In both cases we will determine how the number of varieties depends on quality
when the marginal cost ¢ of the process of introducing a new product is sufficiently small.
Proposition 1.

If k; ~ 1 for all i, then, as marginal cost ¢ — 40, the number of varieties, n;, goes to

infinity, but in such a way that there are many more varieties at higher qualities:

. U2
lim

= 0. (2.19)

Indeed, the number of varieties is given by

1

ng = aiey" T+ O0(ENT). (2.20)
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Proof. Using (2.18), it is straightforward to verify that as ¢; — +0 for all 7 (as marginal

cost ¢ — +0), the number of varieties is given by

1

ng = a;en" "+ 0(en), (2.21)

where coefficients a; satisfy the second-order difference equation

Ai41G5—1
subject to the following initial and terminal conditions:
an_
ag =1, 21 =1. (2.23)
aN
Therefore, the ratio of numbers of varieties in the limit goes to zero:
lim —2 = 0. (2.24)
[ |

The corresponding cost of variety proliferation at quality level z; is of order F;, given

by:
i N41—i

Fy = caey" " = ai(pyAmn)ey . (2.25)

Variety proliferation is approximately optimal as long as:
max F; << Aln )\ << 4, (2.26)

where the first inequality ensures that the monopolist will prefer variety proliferation to
introducing slack into the binding constraints as explained above, and the second one is
sufficient to guarantee that the consumers are nearly rational.

The intuition for this result is that the monopolist is comparing the cost of adding

varieties to the expected gains. When gains on all types are similar (k; ~ 1), the mo-
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nopolist wants to ensure that as many consumers as possible choose the product that
is designed for them instead of the product for the type just below. As the consumers
randomize between the two, the only way to achieve this is to add increasing numbers
of varieties for higher-type consumers. This is worth doing when the cost of introducing
varieties is relatively small compared to the profit to be gained.

Now, let us consider the second limit case, when the market becomes very thin at the
top because consumers with strong preferences for quality (snobs) are rare: p;,1/p; << 1.
This observation is supported, for example, by sales numbers from Table 1. Thus, there
exists index j such that p;1/p; << 1 for all ¢ > j, which leads to k; << 1.

Note that the scenario when k; << 1 may fail to hold, even if p; 1/p; << 1, due
to Am;yq >> Am, is improbable since to earn a high profit margin on type 6;,1, the
monopolist has to introduce a significant downward distortion on lower types, which is
unprofitable when higher types are rare and, thus, the information rent paid to them is
not significant.

Proposition 2.

If the market becomes very thin at the top—if there exists index j such that k; ~ 1 for
all i < g, but k; << 1 for all i > j—then for small ** wvalues of the marginal cost ¢ of
introducing a new variety, the number of varieties first increases and then decreases.
Proof. For ¢ > j, for small marginal cost and small p;, we have ¢; ~ 1. (Note that if
marginal cost is so small such that ¢; is much smaller than k;, then Proposition 1 applies.)
Given that k; << 1 and ¢; ~ 1, we can drop the second term on the left-hand side of
equation (2.18) and easily verify that n;.; < n; as long as 4n;e;1; > 1. Since n; > 1, a
sufficient condition is ;17 > 1/4: If the cost of proliferation is not too small and there
are very few high-type consumers, the number of varieties will eventually fall.

For 7 < j, the same type of argument as in Proposition 1 applies; thus, the number
of varieties is increasing in quality.

Therefore, this case results in an overall hump-shaped set of varieties.

HBut not too small. See the proof for more details.
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The intuition for the difference between this case and that of Proposition 1 is that,
because there are many fewer consumers who prefer high-quality products, the gains to
be made on them by introducing more varieties are not significant and are smaller than
the costs involved. Thus, we get fewer varieties at higher-quality levels when the number
of potential customers decreases sufficiently.

Note that our model shows that a small deviation from rational choice on the part
of the consumers could lead to a significant change in the monopolist’s optimal product
line: The change could add an extra dimension to it: multiple varieties at each quality
level .2

The excessive variety that is provided by the monopolist is socially inefficient. As
consumers have no direct preference for varieties, introducing more varieties comes at a
cost for the firm but does not provide consumers with greater utility. Thus, from a social
perspective, variety proliferation is always wasteful. If one assumes instead that varieties
are directly valued, the wastefulness is only partially mitigated.'3

This prediction is in contrast to most of the existing literature that tends to find
a smaller-than-optimal number of varieties, for reasons that are similar to those of a
monopolist that produces a lower-than-optimal quantity (Lancaster, 1990). It should
also be distinguished from the larger-than-efficient product lines, a possibility predicted
by Mussa and Rosen (1978) in a model with continuous types. These models do not
have any horizontal variety, while the vertical size of the product line in these models is
the same as in our model.

Note that variety proliferation in our model is not even constrained efficient, since a
social planner who is subject to the same information constraints would have chosen a
single variety and introduced slacks into binding incentive-compatibility constraints by
varying prices to match the probabilities of sales that are achieved by the monopolist.

Being pure transfers, prices do not affect total welfare; therefore, the social planner

12The technical reason for this is the failure of lower hemicontinuity of the choice correspondence in
the parameter that captures the degree of irrationality A (see Basov (2009)). This situation is quite
general and is not restricted to the Luce model.

13Even in this case proliferation will be wasteful as long as A << F; << Aln X for all i.

1Tn the Mussa and Rosen (1978) model quality is downward biased. For the alternative assumptions
that lead to upward bias see Donnenfeld and White (1990), Srinagesh and Bradburd (1989).
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would have achieved the same levels of consumption and production and saved on the
proliferation costs.

The model can be generalized from a monopoly to an oligopoly along the lines of
Champsaur and Rochet (1989). It can be shown that under some reasonable conditions
there exists an equilibrium where each producer specializes in a particular range of qual-
ities. Qualitatively, the outcome is similar to the monopoly outcome. Proliferation of
varieties in the oligopolistic case will be due to two effects: competition among the pro-
ducers, and price discrimination among consumers of different types who buy from the

same producer.

2.5 Conclusions

In this chapter we have analyzed the links between quality and variety. The theoretical
model has two components: First, consumers are modeled as caring about quality but
indifferent among varieties of the same quality. In addition, we adapt a standard prob-
abilistic choice model to introduce a very small amount of randomness into consumer
behavior. The second component is a monopolist who engages in second-degree price
discrimination. Faced with consumers who randomize, the profitability of price discrimi-
nation is increased when the monopolist offers more varieties at higher qualities, since the
likelihood that consumers choose high-price products increases. However, if the markets
become sufficiently thin at high-quality levels, the profit-maximizing number of varieties
falls, which yields a hump-shaped relationship between variety and quality.

The theoretical predictions of this chapter were tested and found empirical support
on the Australian car market, see Basov et al. (2020).

Another important contribution of the paper is that the number of varieties that are
offered by the market can be higher than the social optimum even in the monopoly case,
which is opposite to the conclusions that are drawn from the previous literature (see

Lancaster, 1990).



Chapter 3

Bertrand oligopoly with boundedly rational

consuimers

3.1 Introduction

Recent years saw proliferation of economic models that incorporate boundedly rational
behavior on the part of economic agents. This explosion followed the seminal paper by
Conlisk (1996) and includes Sonnemans et al. (1998) in the area of provision of public
goods, and Anderson et al. (1998) in Tullock contests. For the review of the literature in
the mechanism design theory, see chapter by Basov et al. (2011).

More recently, there emerged considerable interest in studying the consequences of
boundedly rational behavior on the oligopolistic pricing and other activities of the firms
- see Ellison (2006) for a detailed review of this literature. Here we will mention only a
few papers related to the current topic.

Grossman (1981) and Milgrom (1981) demonstrated that if information disclosure is
costless, the firms will reveal all the relevant information, i.e. they will educate rather than
obfuscate the consumers. However, Ellison and Ellison (2009) argue that this prediction
is not born out by many real world observations. Ellison and Wolitzky (2012) developed a
model where obfuscation is theoretically justified in a search-theoretic framework. In their
model obfuscation takes a form of an unobservable action that makes it more difficult to
inspect the product and learn its price or quality. One way to think about it is to assume

that the consumers have to spend time to make a product selection. They go through the
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list of product’s characteristics to determine its value. If the list is too long they may end
up making a mistake in their assessment. By devising concise and relevant description of
the product, a firm may ease the task of the consumer, thereby decreasing the probability
of a mistake. On the contrary, by putting a lot of irrelevant characteristics on the list
or by engaging in an uninformative advertising, firms can make it more difficult for the
consumers to go through the product description, increasing the probability of an error.
One just needs to remember the plethora of different mobile plans to see the point. The
complexity of different rates and features leaves most consumers being unable to compare
mobile plans, let alone to choose the best one.

Ellison and Wolitzky (2012) describe several scenarios for achieving obfuscation. For
example, they suggest that in online shopping application the firm can choose the number
of screens the consumer has to go through to find all the relevant information and they
may instruct the salespeople how long to talk to consumers during face-to-face shopping.
Ellison and Wolitzky assume that consumers go sequentially through description of prod-
ucts supplied by the firms. The consumers’ search costs depend on the sum of obfuscation
levels chosen by the firms that they are visiting. Consumers have rational expectations
about the obfuscation levels and can rationally choose to stop the search.

Our paper is similar in spirit to Ellison and Wolitzky (2012). However, instead of
assuming that consumers experience direct costs from reading the products’ description
and learning relevant information about their quality and price, we assume that this
process affects quality of consumers’ decision making; the longer and more confusing the
product description, the lower the quality of decision making. The crucial difference of
this assumption from the one used by Ellison and Wolitzky is that while in the latter
model the consumers are fully aware of the search costs and will rationally stop search at
some point, in our model consumers unaware of the effect of obfuscation on their quality
of the decision making. For example, a consumer who already has spent a couple of
hours at a computer screen reading description of different house insurance policies, will
still continue going through the exhaustive list, since she does not experience direct costs

from search and is not aware that the very act of continuing the search will decrease
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the quality of her decision making.! For another example, think about choosing among
different mobile plans and trying to understand how much they will cost per month.

A related but different model will be one where the value of the products has a
potentially heterogenous element that differs across firms.In such a model, advertising
can be seen as a way for firms to teach consumers to differentiate between the good and
the bad versions of the product. In such a model firms will act as experts conveying
information to the consumers and the model will have potential links with cheap talk
literature (see, for example, Hagenbach and Koessler, 2010) where the dominant insight
is that if there are multiple experts around, there always exists equilibrium with perfect

2 in a model of

communication. Morgan and Krishna (2001) reached a similar conclusion
expertise, provided that experts have opposite biases. In our framework, however, the
products are homogenous and quality is not an easily communicable piece of information,
but can instead be learned only by reading a lengthy description of the product.

To formalize the idea of quality of choice we use the Luce model of probabilistic choice
(Luce, 1959). In the Luce model the degree of bounded rationality is captured by a single
parameter, A, with A = 0 corresponding to rational behavior and higher A\ corresponding
to more irrational behavior. Note that consumers in our model are boundedly rational
in two ways: they may fail to choose optimal product and they fail to take into account
the effect of going through lengthy product description on .

We consider three different cases: first, we characterize equilibrium when firms face
boundedly rational consumers with the fixed irrationality parameter \; second, we discuss
the case of obfuscating oligopoly, when firms can invest in confusing consumers, i.e. in
increasing their \; and third, we consider educating oligopoly, when firms can choose to
invest in decreasing .

In this paper we arrive at the following results. First, firms will in general engage in
obfuscating activities, but will only engage in educating ones if consumers are sufficiently

rational at default. It is in contrast to the conclusion of full information revelation reached

L Since the consumer will always go through the exhaustive set of the alternatives, which will affect
the overall quality of choice, a decision of one firm to increase level of obfuscation will affect the relative
probabilities of all choices.

2 The conclusion does not hold, however, if one of the senders can veto messages. See Newton (2014).
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by Grossman (1981) and Milgrom (1981). Though definition of education and obfuscation
is formally different in our framework and that of Grossman (1981) and Milgrom (1981),
comparison of the conclusion is still illuminating. Second, in this framework competition
has two beneficial effects from the social point of view: it increases the chance that
a consumer will buy the product and decreases the amount of obfuscation. From the
consumers’ point of view, there is another beneficial effect of competition - it leads to
decrease in price.

The chapter is organized in the following way. In Section 3.2 we briefly remind the
reader the Luce model of boundedly rational behavior. In Section 3.3 we consider price
competition when firms face boundedly rational consumers with given \.? In Section 3.4
we allow firms to engage in obfuscating activities. In Section 3.5 we assume that the firms
cannot engage in obfuscating activities, but may choose to educate consumers (assume,
for example, that the new law requires that all advertising and product description must

be informative and simple). Section 3.6 concludes.

3.2 The Luce model

In this paper we assume that the consumers are boundedly rational. To capture it we
assume that their choice is probabilistic, i.e. the utilities associated with different choices
determine the probabilities with which these choices are made. The first probabilistic
choice model in economics was proposed by Luce (1959). He showed that if one requires
the choice probabilities to be independent of a sequence in which choices are made, then

they must be represented by:*

_exp(ui/A)

= — , (3.1)
3 exp(us/)

qi

3 We restrict our attention to pure strategy Nash equilibria.
4 These probabilities are also known in empirical IO as a logit probabilities, but motivation there is
different.
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where n is the number of alternatives, ¢; is the probability that alternative 7 is chosen,
and wu; is the utility associated with alternative ¢. Note that according to this model
any two alternatives that have the same utility are selected with the same probabilities.
Parameter A\, which can take values from zero to infinity, can be usefully thought of as

representing the degree of the consumer’s irrationality. If A = 0 then

1/k,if u; = max{uy,... . u,}
0, otherwise

where integer k is the cardinality of the set of the utility maximizers, which is consistent
with rational behavior. At the other extreme, as A — oo the choice probabilities converge
to 1/n, i.e. the choice becomes totally random, independent of the utility level - the case

of fully irrational consumer.

3.3 The Bertrand model with boundedly rational
consumers: the case of fixed )\

In this Section we assume that each of n firms sets a price and consumers respond by
choosing whether to buy a good and from which firm. We assume that the consumers
never buy more than one unit of a good, i.e. each consumer has (n + 1) different choices.
The probability a consumer, who values the good at v, will decide to buy the good from
firm ¢ is given by:

g = exp((v - pl)/)‘) : (33)

1+ exp((v = p) /)

j=1

while the probability that she will decide not to buy the good at all is:

& = ! . (3.4)

L+ Y exp((v —p;)/A)

J=1

Here p; is the price charged by oligopolist i.
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It is instructive to compare the demand shares implied by equation (3.3) with the
ones implied by the Hotelling model. Though parameter \ plays role somewhat similar
to the transportation costs, there are important differences. For example, in our model
consumers are not partitioned into groups that purchase from a particular firm. Also,
in the latter model, the demand shares will depend only on price differences as long
as the consumers’ value is sufficiently high, so that all consumers purchase the good in
equilibrium.® In our model the result will only obtain asymptotically, as v — +oo. Also,
as we will see below, unlike the case of the Hotelling model, for finite n the equilibrium
price depends on v.

Assuming the marginal cost is constant and equal to ¢ for all firms, the profits of firm
1 are given by:

ILi(pi, p—i) = (pi — )@ (pi, p-i), (3.5)
here p_; denotes the vector of prices chosen by its rivals. The first order conditions are:

1 O0lng;

In the unique® symmetric equilibrium p; = p™, 7 where p(™ solves:

1+ nexp((v — p™)/N)

(n) — A
P A Despl(o — p)/A) &0
One can write equation (3.7) as
p™ = F(p™), (3.8)
where F(+) is defined as:
1 —p™) /A
Fp) = ¢ 4 At el = pt)/\ (3.9

14 (n—1)exp((v—p™)/\)’

5 In our model for any profile of prices and any finite v some consumers will choose not to purchase
the good.

6 We restrict our attention to the pure strategy equilibria. For a discussion of a mixed strategy
equilibrium that allows firms to earn positive profits in the standard Bertrand game, see Klemperer
(2004).

" From here on, a subscript i will refer to the price charged by firm 4, while a superscipt (n) will refer
to the price charged by any firm in a symmetric equilibrium with n firms.



BERTRAND OLIGOPOLY 25

It is straightforward to establish that

F/<p(n)) - _ eXp((U — p(n)>/)\) - < 0. (310)

[1+ (n = 1) exp((v —p™)/A)]

Therefore, the right hand side of (3.7) is monotonically decreasing in p(™, while the left
hand side monotonically increases from zero to infinity, which implies that the solution
exists and is unique. Moreover, since an increase in the number of firms will decrease
the right hand side of equation (3.7) for any p(™, the equilibrium price will uniformly
decrease from the monopoly price p to ¢ + A, when the number of firms approaches
infinity. Therefore, we arrive at the following Lemma:
Lemma 1 For any n, the equilibrium price is above the marginal cost and is decreasing
in the number of firms.

Let us concentrate on an important special case when the consumers’ valuation of
the good is large compared with both the marginal cost and the irrationality parameter.

Then for n > 2 equation (3.7) implies:

) — oy v=c
P c—i—n_l—i—O(exp( 5y )) (3.11)

Note that the equilibrium price is always much smaller than the valuation, therefore one

can neglect the possibility that the consumers do not buy the good (the probability of it

is proportional to exp(—(v — p,)/A), which is exponentially small).

3.3.1 The monopoly pricing

In this Subsection we analyze the behavior of a monopoly, derive a general formula for
pM and provide simple expressions for two opposite cases, when the consumers are nearly
rational or strongly irrational.

The monopoly price can be obtained from equation (3.7) by setting n = 1 and it is

the unique solution of the equation:

PV =c+A(1+exp(v—pP)/A). (3.12)
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One can rewrite equation (3.12) as:

U;c:q)(vgp>’ (3.13)

where

P(x) =1+ z + exp(x). (3.14)

Since function ®(-) is strictly increasing, its inverse function, ®~!(-), is well defined.
Therefore, we arrive at the following Lemma:

Lemma 2 The equilibrium monopoly price is given by:

M =y — AP~ (” < C) . (3.15)

It is interesting to note that pt) > v provided that (v — ¢)/\ < 2, i.e. if either total
social surplus, v — ¢, is small or the consumers are sufficiently irrational, i.e. X is large,
the monopolist will charge the price above the valuation. To get some intuition for that
result let us consider the case when value is close to the marginal cost. Though charging
price below value increases the probability of a purchase, the monopolist will make more
money by charging price above value and capitalizing on irrationality of consumers.®

Now let us look at the special case when the consumers are strongly irrational. Then

the equilibrium price satisfies

PO — [x0+0(0;6)} , (3.16)

where xg solves equation

d(xp) = 0. (3.17)

Solving it numerically one obtains o = —1.28, which implies in the main order of ap-
proximation

P = v+ 1.28\. (3.18)

8 Making a mistake that leads to pay above one’s value is not qualitatively different from buying from
a wrong firm.
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In the opposite case, when (v—c)/A is large, i.e. either the consumers are nearly rational
or the total social surplus, v — ¢, is large, the optimal monopoly price is approximately
equal to:

p(l):v—Aan;c, (3.19)

where we used that

dy)=lny+0O (ln?y) : (3.20)

3.3.2 Number of firms and social welfare

Next, we would like to study how social welfare changes depending on the number of
firms. Recall, that in the case of fully rational buyers the social welfare under Bertrand
competition is independent of the number of firms. However, this conclusion does not
hold under bounded rationality.

First, note that since v > ¢, the social efficiency requires that all consumers buy a
unit of the good. Therefore, the welfare loss, W L, is proportional to the fraction of the
consumers who do not buy the good.

More precisely, welfare loss is given by

T 1+ nexp((v —p™) /)’

WL(n)=qo(v—c) (3.21)

Let us formulate the following Proposition.

Proposition 1. If the consumers are boundedly rational both the total welfare and the
consumer surplus increase when there are more firms in a Bertrand competitive industry.
A firm’s profits decrease as the number of firms increases, but are always bounded away
from zero.

Proof. It is easy to see that the welfare loss declines in the number of firms. Indeed

IWL(mn)  (v=c)exp((v=p™)/N) (. ndp™
o [+ nexp((v—pm) /NP ( N dn ) <0 (3.22)
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where we used that according to Lemma 1

dp™
dn

<0. (3.23)

Since increase in n leads to both an increase of consumer participation and a decrease in
price, the consumer surplus increases.

A firm’s profits are given by:

1—qo (n) p™ —c
_ n) _ o) = . .24
e G exp(— (v — p)/N) (3:24)
Therefore
dm  Om or dp™
A 3.25
dn  On + op™ dn ( )
It is straightforward to show that
on
— < 0. 3.26
5, < (3.26)
On the other hand
om  nA— (p™ — ¢ = A) exp(—(v — p™) /) (3.27)
o At exp(—(v = p™) /)] |
Define
H(z) =nA—(z—c— X exp(—(v—z)/N). (3.28)
Straightforward differentiation shows that
- —(v—=2)/A

A

The numerator of (3.27) is equal to H(p™) and according to (3.29) is decreasing in p(™
as long as p™ > ¢, which is always true according to Lemma 1. Therefore, since p™ is

decreasing in n,

Hp™) > HpW) = (n — 1)A >0, (3.30)
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where we made use of equation (3.12). Thus,

or

together with (4.1)this implies that
dm
— < 0. 3.32
in (3.32)

Since, according to Lemma 1, the price remains above marginal cost a firm’s profits are
bounded away from zero. l

Note that the derivative in equation (3.22) can be represented as a sum of two terms.
The first term captures the reduction of the social loss due to the increase in the number
of efficient options, while the second captures the decrease of probability of staying out
of the market due to the reduction of price. The main result of this section is that if the
consumers are boundedly rational both the total social surplus and the consumer surplus
increase when there are more firms in a Bertrand competitive industry. It is also worth
mentioning that

lim ¢go(n) =0, (3.33)

n—-+oo

therefore taking into account equation (3.11) a firm’s profits behave as

=210 (l> (3.34)

and the total profits of the industry converge to .

3.4 An obfuscating oligopoly

In this Section we assume that the consumers are rational at default (A = 0); however,
the firms can spend resources to confuse the consumers. This will lead to an increase in
the value of A. In the Introduction, we discussed why resources spent by one firm affect
probabilities of choice between any alternatives. For simplicity, we also make, admittedly

strong, assumption that the single parameter A captures all these effects. One way to
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justify it, is to assume that a consumer goes through the list of the alternatives in a
random order.

We will assume the following timing. At date 1 all firms simultaneously decide on the
amount of resources they spend confusing the consumers. If firm ¢ devotes resources z;

to the obfuscating activities, then

A= (zn:2> , (3.35)

=1

where ¢(+) is a twice differentiable, strictly increasing, concave function, such that ¢(0) =
0, and satisfying the Inada conditions. We will refer to it as an “obfuscating technology.”
At the beginning of date 2 the firms observe A\ and play the simultaneous Bertrand game.

Introduce
p™ — c)exp((v — p(”))/)\)
T+ nexp((v — p)/\)

IL;(\, n,p™) = ( , (3.36)

and define G(A,n) to be the profits firm i earns at date 2, assuming the firms at that

date play the symmetric Nash equilibrium obtained in the previous section. Then
G(A,n) =LA n,p"M (V) (3.37)

where p™()\) is determined by equation (3.7). At date 1 firm 4 chooses the amount it

invests in obfuscation to solve:

max (G (gp ( Y zj) ,n) - z,;) : (3.38)

The first order conditions are:

Gr(\,n)¢’ (ZZ]> =1 (3.39)

In a symmetric Nash equilibrium with n firms z; = 2 and

Ga(p(nz™), n)¢' (nz™) = 1. (3.40)
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Equation (3.40) allows us to find equilibrium amount of obfuscation for any number of
firms. Inada conditions guarantee that if at default consumers are rational, the equilib-
rium amount of obfuscation is positive.

Let us determine the equilibrium amount of obfuscation when the number of com-

petitors becomes very large. In that situation, we can write

P =c+A+0 (l) (3.41)

n

and

G(\n) = =7 +0 (—) . (3.42)

Let Z( = nz(™ be the total amount of obfuscation in the equilibrium. Next, we show
that the amount of resources the industry devotes to obfuscating activities converges to
zero as the number of firms increases to infinity.

Lemma 3. As the number of firms tends to infinity, Z™ converges to zero, i.e.

lim Z™ = 0. (3.43)

n—-+4o0o

Proof. Equation (3.42) implies G, — 0, therefore equation (3.40) implies that ¢ (nz™) —
oo and the Inada conditions imply that Z( = nz(™ — 0. R

If, instead of assuming that consumers are rational at default, one assumes that they
are characterized by some positive g, there will exist ng € N such that whenever number
of firms is at least ng, no resources are spent on obfuscation in equilibrium. If A\q is
sufficiently large, then value of ny can be one, thus, resources will never be spent on
obfuscation: even monopoly would find it unprofitable.

The reason for the result stated in the Lemma 3 is that the obfuscation is, from the
point of view of the firms, a public good and the firms, therefore, tend to free ride at
each other’s expenses.

It is hard to further analyze equation (3.40) in general and we consider a special case
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when the surplus, v — ¢, is large compared to the equilibrium level of A = \*.

We now show that in this special case the incentive to obfuscate is decreasing in
competition: the total amount of resources spent on obfuscation monotonically decreases
in number of firms. Indeed, the price is approximately given by equation (3.11) for n > 2
and (3.12) in the case of monopoly and with the same precision

GOy = 2 +o( N ) (3.44)

n—1 V—C

in the proper oligopoly case, n > 2 . In that case, neglecting O—terms, (3.40) can be

rewritten as:

¢ (Z2M) = ¢ (nz) =n -1, (3.45)

where z(™ is the equilibrium value of z, when the number of firms is n. Since ¢(-) is
assumed to be strictly concave, equation (3.45) implies that the total amount of resources
devoted to obfuscation decreases in the number of firms, i.e. Z® > ZG) > 7z

Let us look at a specific example. If
0(z)=+vz and  v—c=100, (3.46)

then for the oligopoly case (n > 2) we have:

_ 1 oy _ 1

dn(n —1)%’ 4(n —1)%’

1
2(n—1)

n)

2 A= (Z2M) = (3.47)

Note that equilibrium value of A is 0.5 for a duopoly, and monotonically decreases to zero
as n goes to infinity, always remaining much smaller than v — c.

For a monopoly, the special case when v — ¢ is large compared to the equilibrium level
of A never realizes, since the monopoly will always choose the level of obfuscation high
enough to bring A sufficiently close to v — c.

We will refer to a situation when the total level of obfuscation is decreasing in the
number of firms as a regular case. It always realizes when the total surplus is sufficiently

greater than the irrationality parameter.
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Results of this Section show that from the social point of view increased competition
is beneficial for two different reasons. First, as emphasized in the previous section, it
decreases the probability that a consumer will choose not to buy the good. Second, it

decreases the total amount of resources spent on obfuscation of the consumers.

3.5 An educating oligopoly

In this Section we show that it is only optimal for the firms to spend resources to educate
boundedly rational consumers who are sufficiently rational at default.

Assume that the consumers have A = )y > 0, i.e. consumers are boundedly rational
at default. The firms can spend resources to educate the consumers, for example, they
can engage in informative advertising that will lead to a decrease in the value of .

The timing is the same as in the previous section. If firm ¢ devotes resources (; to the

educating activities, then
A=¢<§}J, (3.48)
i=1

where ¢(-) is a twice differentiable, strictly decreasing, convex function, satisfying the

Inada conditions, such that

#(0) = o, lim () =0, (3.49)

i.e. spending infinite resources on educating activities will make the consumers fully
rational. We will refer to ¢(-) as an “educating technology.”

Note that educating activities of one firm affect the probability of choices between
any pair of products. Intuition for this assumption is that products produced by the
firms are homogenous; therefore, better understanding of characteristics of one product
helps to understand characteristics of all the products. Again, we make an assumption,
admittedly strong, that the effect is symmetric.

At the beginning of date 2 the firms observe each other’s choice of (; and play the
simultaneous Bertrand game, assuming that the market is populated by the consumers
whose rationality parameter is given by (3.48). Denote by II;(\, n) the profits firm i earns

at date 2, assuming the firms at that date play the symmetric Nash equilibrium (obtained
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in the previous section). Then

(p™ —¢) exp((v —p™)/A)
nexp((v—p™)/A)+1

(A, n) = (3.50)

where p(™ is determined by equation (3.7).

We will argue that firms spend resources on educating the consumers only if consumers
are sufficiently rational at default and spend no resources if the consumers are strongly
irrational. This happens for two reasons. First, if there are at least two firms on the
market, any potential increase in profits due to the higher degree of the consumers’
participation will be eroded by price competition. The investment in educating consumers
in the case of at least two firms in the market will be decreased further because such an
investment represents a public good from the point of view of the firms. Second, even in
the case of the monopoly, the firm will find it more profitable to cut the price than to
spend resources on educating the consumers. The above discussion suggests that if there
going to be any investment in educating consumers at all, it should happen in the case
of a monopoly.” So, we concentrate on this case and argue that even a monopoly will
choose not to educate the consumers.

Proposition 2. If the consumers are sufficiently irrational, i.e.

Ao > min (U ; C, UC_* c) , (3.51)

where C* solves

Crexp(¢r) 1
Lrep(l) ~ 9(0) (3.52)

the monopolist will spend no resources educating consumers.

Proof. The monopolist solves:

i ((p —c)exp((v—p)/A) §> (3.53)

pAC \ 14 exp((v—p)/A)

9 At the end of the previous Section we saw that, at least in the case when v — c is large compared to
the equilibrium level of A, the total resources spent on obfuscation decrease in the number of firms and
referred to it as the regular case. A similar result can be obtained for the case of educating oligopoly.
We will assume that the regular case is realized.
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s.t. A= 6(C), (3.54)
¢>0. (3.55)

Here we dropped superscript () from the equilibrium price for the notational simplicity.
The non-negativity constraint was never binding in the obfuscating oligopoly case due to
the Inada conditions. The Kuhn-Tucker first order conditions are:

(

p=c+ A1+ exp(52))
(v—p)(p—c)exp((v —p)/A)
A (1 +exp((v —p)/A))?

y=1-ud(Q) ’ (3.56)
A= 9(C)
7€ =0,y20,(=>0

where p and 7 are Lagrange multipliers on constraints (3.54) and (3.55) respectively.
Equations (3.48) and (3.49) together with the properties of function ¢(-) imply that
A > 0. The first equation in system (3.56) now implies that p > ¢. Using the first
equation in system (3.56), the second equation can be re-written as

__w=plewp(w=—p)/N) (3.57)

A(1 + exp((v —p)/N))

Note that if
v—c

A

<2 (3.58)

then p > v and p > 0, in which case, the monopolist’s problem has the following solution:
price p is given by (3.15) and satisfies p > v, ( =0, A = X\, u > 0 is given by (3.57), and
v =14 ug’(0) > 0. On the other hand, if

(3.59)

then p < 0 and
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(v —p)exp((v—p)/A)

V=1 () > = (0) = 1+ S /)

#(0). (3.60)

Since p > ¢ and ¢'(0) < 0 one obtains

(v —c)exp((v —c)/A)
A1 +exp((v—c)/N))

v> 1+ ¢'(0). (3.61)

Define ¢* to be the solution of (3.52). Then for any A > (v — ¢)/C* one obtains v > 0,
which implies ( =0, A= )\y. B

Note that though the Proposition holds when

Ao > min (”;C,”;C), (3.62)
the case A\g > (v — ¢)/2 is not very interesting, since when the irrationality parameter is
not sufficiently smaller then the total surplus the case may not be regular. However, if
¢(-) is sufficiently flat at the origin, the condition Ay > (v — ¢)/{* can be consistent with
the regular case. Numerical simulations tell us that, for example, when ¢/(0) = —0.2
then ¢* = 5.03, when ¢/(0) = —0.1 then ¢* = 10. In general, for ¢/(0) > —0.1 one can
approximate (* = —1/¢/(0). Therefore, in the regular case, the analysis is reduced to

that of Section 3 with A = Ag.

3.6 Conclusions

In this chapter we developed a model of Bertrand oligopolistic competition with bound-
edly rational consumers. We used the Luce model of probabilistic choice (Luce, 1959)
to capture the degree of the consumers’ rationality that could be influenced by firms
engaging either in educating or obfuscating activities. We have shown that contrary to
the results of Grossman (1981) and Milgrom (1981), firms will in general engage in ob-
fuscating activities, but will engage in educating ones only if consumers are sufficiently
rational at default.

In this framework competition has two beneficial effects from the social point of view:
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it increases the chance that a consumer will buy the product and decreases the amount
of obfuscation. The second effect arises because obfuscation is a public good from the
firms’ point of view and, therefore, the firms try to free ride on each other. From the
consumers’ point of view, there is another beneficial effect of competition - it leads to

decrease in price.






Chapter 4

Before or after? Qualifying contractors in

procurement auctions

4.1 Introduction

The enviable skill of every good procurer is the ability to allocate a project to a con-
tractor (or choose a supplier) who can provide reliable quality at a reasonable cost. In
order to identify the potential contractor who can complete a project at the lowest cost,
the procurer can, for example, allocate the project by a competitive bidding procedure
conducted through an auction. Regrettably, low cost contractors are also more likely to
fail to meet the specific requirements (standards) of the procurer. This feature makes the
risk of nonperformance an important issue which must be dealt with by the procurer.

The failure of the procurement department to properly screen contractors for reli-
ability is very costly. Typically, the supply chain management of U.S. firms solves the
problem of potential nonperformance by conducting costly and time consuming screening
checks in order to qualify all potential suppliers before allowing them to participate in a
procurement auction.

Another approach to addressing the contractors’ potential nonperformance is to rule
out excessively low bids outright. This is commonly done in many European countries,
where abnormally low tenders for public works are automatically excluded from the valid
bids (see Engel et al., 2006). Due to its anticompetitive flavour, though, this procedure

has been opposed by the EU Commission who instead mandates that low bid contractors

39
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should be allowed to win an auction but, before the project is awarded, their reliability
must be assessed in an after-the-auction audit carried out by the procurer. Thus, this
approach of conducting the auction followed by testing is the opposite of the one adopted
by the commercial supply chains in the U.S., where all contractors are tested before the
auction.

In this paper, we employ a mechanism design approach to address the question of
when (before or after the auction) the procurer should test contractors for reliability. We
characterize the optimal procurement mechanism in the case of both testing before and
after the auction and compare the corresponding surplus of the procurer, the payoffs of
the contractors, and total social surplus.

We consider a procurer who wishes to allocate a particular project to one contractor
out of a pool of N potential candidates, who possess two characteristics: the ability
to complete the project satisfactorily (a binary variable) and the production cost (a
continuous variable). Each contractor privately knows his own cost of completing the
project, but faces the possibility that he might fail to complete the project to the standard
required by the procurer. If a contractor is able to complete the project, we will call him
a ”good match” for the procurer; otherwise, he is a "bad match”.

We assume that a contractor’s ability to complete the project — i.e., of being either
good or bad match — is unobservable by either the procurer or the contractor himself
until a test is carried out, as the procurer might not have enough information about the
contractor and the contractor might be unsure about the details of the project and the
specific requirements of the procurer. The test is fully revealing — only contractors who
are good matches are able to pass it.

We consider the case when a contractor’s probability of being a good match for the
procurer is a monotone — increasing or decreasing — function of his production cost.

Assuming that this conditional probability is increasing (a contractor with a higher
production cost is more likely to be a good match) is equivalent to assuming that the
two variables/characteristics, the quality of the match and the production cost, are af-

filiated, as defined by Milgrom and Weber (1982). The case when this probability is
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decreasing (i.e., a contractor with a higher production cost is less likely to be a good
match) corresponds then to the case of negative affiliation between the two, extending
Milgrom and Weber’s definition for it to mean that quality of the match and the negative
of the cost are affiliated.

This assumption of monotone conditional probability implies that the contractor’s
ability to complete the project is correlated with his production cost; the case when the
two are independently distributed is a special case of our model.

Particularly interesting is the case of affiliation (thus, positive correlation) between a
contractor’s production cost and his ability to complete the project, which may occur in
many realistic situations and, to our knowledge, has not been considered in the literature.

Let us discuss a few examples of both public works procurement and supply chain
management. Positive correlation (affiliation) between cost and completion may occur,
for example, because firms that do not exert as much effort on cost cutting are more
likely to have higher quality standards; or because small local firms who tend to be low
cost are also more vulnerable to financial stress and more likely to default; or because
the suppliers with higher costs may have excess capacity available in case the procurer
needs it and, therefore, are more likely to satisfy the procurer’s requirements.

We identify the optimal procurement mechanisms for testing before and after the
auction when procurer and contractors are risk neutral.

Similar to the standard case in the literature, we characterize the set of implementable
(i.e., incentive compatible and individually rational) mechanisms the procurer could
choose from in order to maximise her surplus. Similar to the standard case, we are
able to obtain the expression for the procurer’s expected surplus in terms of the contrac-
tors’ virtual costs. However, due to the affiliation between the production cost and the
ability to complete the project, the virtual cost includes conditional probabilities instead
of the unconditional ones in the standard expression.

We show that the optimal procedure with testing before the auction is a standard

auction (e.g., FPA or SPA) with a reserve price, in which all contractors who passed

the test participate. Note that though the number of participants in the procurement
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auction may be different (it is a random variable whose realization is determined after
the test is conducted), the reserve price is the same and does not depend on the number
of contractors who passed the test; this is analogous to the standard result without non-
completion risk.

The optimal mechanism with testing after the auction could also be implemented by

a standard auction with a reserve price, where after the auction all contractors are ranked
based on their bids from the lowest to the highest and are tested in that order until a
contractor with the lowest bid who is a good match (i.e., can pass the test) is found and
awarded the project. The reserve price is the same whether testing is done before or after
the auction.

An important question arises for the procurer - is it more beneficial for her to conduct
testing before or after the auction?

On one hand, if testing is conducted before the auction, then the contractors know
that they all have been qualified and so “every bid counts”, pushing them to bid more
aggressively during the auction, while in a mechanism with bidding first and testing after,
some bids may be discarded due to the failure of a bidder to pass the after-the-auction
test and so bidders might feel less pressure to bid aggressively.

On the other hand, because the number of the participants in the mechanism is the
same, whether the test is performed before or after the auction, all of them will bid in the
auction if it is carried out before the test, while a smaller, random number of contractors
will participate in the auction if testing is done first, before the auction. Therefore, from
the point of view of the number of the participants, auctions with testing done after exert
more competitive pressure on the contractors than auctions where testing is done before,
forcing contractors to bid more aggressively in after-the-auction testing mechanisms.

The two effects work in the opposite direction and, as we show, cancel each other
exactly when the procurer and contractors are risk neutral. The “every bid counts”
effect present in testing before the auction is completely offset by the effect due to the
presence of a smaller number of bidders.

Thus, we prove that, in the case of risk neutrality, the “surplus/payoff equivalence”
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result holds — the timing of the test (before or after the auction) does not matter. In
both cases, the project is awarded to the same good match contractor (if there is one)
who has the lowest cost; the expected surplus of the procurer, the expected payofts of
contractors and the total expected social surplus are exactly the same.

Our result implies that even if testing can be performed at no cost, there are no
benefits from testing before the auction — a risk neutral procurer facing risk neutral
contractors can achieve the same result by testing after the auction.

When testing is costly, even if the cost is infinitesimally small, it is clearly advanta-
geous for the procurer to test after the auction, because it involves a smaller number of
tests, as contractors are sequentially tested in the order of their bids, until a good match
is found. Testing before the auction, on the other hand, requires to test all potential
contractors before they are allowed into the auction, leading to a higher testing cost.

Both the economics and management literatures have studied remedies for the risk
of non-performance. The former literature considers standard auctions and concentrates
on arrangements such as penalties, performance bonds, and third party guarantees like
letters of credit and surety bonds (Waehrer, 1995; Calveras et al., 2004; Board, 2007).
The basic assumption is that the probability of nonperformance depends on the bidding
strategy, with default being the best choice when the realized costs of production are
high. Our approach differs from this literature as we want to study the situation when
the non-performance is due to external circumstances; in order to capture this idea we
assume that the probability of nonperformance is exogenously given. The management
literature on nonperformance in supply chain relationships studies such arrangements as
deferred payments, payments contingent on performance, and dual sourcing (Yang et al.,
2009; Babich and Tang, 2012; Yang et al., 2012).

The paper most closely related to ours is Wan and Beil (2009), who also focus on
the trade-off between testing suppliers before and after the auction. Unlike Wan and
Beil, who assume that a contractor’s ability to complete the project (to qualify) and
his production cost are independent, we consider the case where they are affiliated - for

example, with positive correlation the contractors with higher costs are more likely to
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complete the project; the case of independence is, therefore, a special case of our model.
Our result that there are no benefits for a risk neutral procurer to pre-qualify suppliers
even when it could be done at zero cost differs from the results in Wan and Beil (2009).
They argue that there is a trade off between testing before and after the auction and
that a risk neutral procurer would find it beneficial to implement (partial) pre-testing if
it is not too costly. Their results rely heavily on the assumption that there are an infinite
number of suppliers available and that the procurer selects n of them to be admitted to
the bidding process. This implies that testing before the auction allows the procurer to
select a pool of bidders with a better than average probability of completing the project,
while when testing after the auction the procurer must select the n bidders randomly
from the infinite pool. Thus, their conclusion that testing before might be beneficial is
driven not by the relative merits of testing before vs testing after (e.g., how it affects
the bidding behaviour of the participants), but by the ability to select a fixed number of
bidders from an infinite pool; but if there is an infinite pool of bidders, why not let them
all bid and test them afterwards?

The paper is organized as follows. Section 4.2 introduces the model. Section 4.3
studies the benchmark case in which testing is not available. Section 4.4 extends the
analysis to the case in which a risk neutral procurer can test the risk neutral contractors’
ability to complete the project, both before and after the auction, and compares the two

alternatives. Section 4.5 concludes.

4.2 The Model

A procurer is seeking to allocate a project to one of N contractors. If the project is
completed, the procurer obtains benefit v and makes a payment to the contractor who
completed it; otherwise, she obtains zero benefit and makes no payment. Each contractor
incurs a production cost whenever he completes the project.

Contractor i’s production cost ¢; is randomly drawn from a distribution function

G(c¢;) with positive density function g(¢;) over the interval [c, €], all of which is common
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knowledge. Each contractor ¢, but not the procurer or the other contractors, knows his
own production cost c¢;.

If contractor i is allocated the project, he may be unable to complete it up to the
procurer’s standards. To simplify the exposition, we will call a contractor who is able
to complete the project (and deliver the benefit v to the procurer) a “good match”
and a contractor who is unable to complete the project a “bad match”. Whether any
particular contractor is good or bad is unknown to either the contractor himself or the
procurer.

These two characteristics of a contractor, his production cost and the quality of the
match, need not be independent; in many interesting applications they are either pos-
itively or negatively correlated. We will assume that contractor ¢, conditional on his
production cost being ¢;, is a good match with probability ® (¢;) and a bad match with
the remaining probability, where the function ® : [¢,¢] — [0,1] is differentiable. Note
that the probability to be a good match — i.e., to successfully complete the project —
conditional on the contractor’s production cost, depends only on his cost, and not on
the bid he places during the auction. If a contractor fails to deliver the project, it is
due to exogenous reasons and not because of his low bid. To avoid non-performance by
a contractor, the procurer can carry out a test (at no cost) to determine whether the
contractor is a good or a bad match. The test is fully revealing: contractor ¢ passes the
test if and only if he is a good match.

We will focus attention on the case when the conditional probability of being a good
match, ® (¢;), is a monotone function. When the conditional probability is increasing,
the contractor’s match quality (i.e. his ability to complete the project) is affiliated?
and, therefore, positively correlated with his production cost. A reason for this could
be that good, safe firms do not gamble on cost reduction (for example, they employ a
more qualified workforce and use better quality materials) and hence, on average, have

higher production costs. Another possibility is that smaller firms have lower costs on

1To see that ®(c) increasing implies affiliation, let ¢; < c2. We need to show that: Pr(good, cz) -
Pr(bad,c1) = ®(c2)g(ce) - [1 — ®(c1)]g(e1) > P(er)gler) - [1 — P(e2)] g(ez) = Pr(good, ¢q) - Pr(bad, ¢3),
which clearly holds since ®(cz) [1 — ®(c1)] > P(c1) [1 — P(c2)].
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average, but also lower financial strength, resulting in a higher probability of default. In
the opposite case, when @ (¢;) is decreasing, there is negative affiliation (and so negative
correlation) between the quality of the match and the production cost - as when some
contractors have developed an expertise in particular projects and thus have a superior
ability to deliver high quality projects at a low cost. When the probability ® (¢;) is
constant, the quality of the match and the production cost are independent; this is a
special case of our model. The standard case in the literature corresponds to @ (¢;) = 1
- contractors are always “good”; that is, always capable of delivering the project.

We use a mechanism design approach to identify the optimal procurement mechanisms
when some hidden information - the quality of the match between the procurer and a
contractor - could be discovered by the procurer through testing; particularly, we are
interested in determining when the procurer should discover this information. Is it better
to carry out the testing before or after the auction?

By the revelation principle, we restrict attention, without loss of generality, to direct
incentive-compatible mechanisms, for each case: testing before the auction and testing
after the auction.? In the case of testing before the auction: first, all contractors are
tested to identify the good matches; second, the good contractors (those who survived
the test) report their true production costs; third, based on those reports, the procurer
allocates the project and makes payments. In the case of testing after the auction: after
the contractors have reported their costs, they are ranked according to a priority order
and the procurer tests the highest ranked contractor and allocates the project to him if
he is a good match. If the highest ranked contractor fails the test, the procurer tests the
second ranked contractor, and so on till a good match is found and the project allocated,
or if there are no good matches the project is not allocated. After the allocation decision,

payments to the contractors are made.

2We will show that allocations corresponding to the optimal mechanisms can be implemented by
auctions; therefore, we will say testing before or after the auction, instead of saying testing at the beginning
or at the end of the optimal mechanism.
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4.3 A benchmark: optimal procurement without
testing

We start by considering the case when testing is not available so whenever the procurer
happens to assign the project to a contractor who is a bad match for her, the project is
not delivered. It is a useful benchmark against which we can compare testing either before
or after the auction and it allows us to develop the main techniques we will employ in the
rest of the paper. Alternatively, the case of no-testing can be thought of as a situation
when the chosen contractor does undergo testing before a project could be assigned to
him, but if this contractor fails the test and turns out to be a bad match, then the project
cannot be reassigned to a different contractor and is, therefore, not completed.

In this section we identify incentive compatible (IC) mechanisms (Lemma 1), derive
the expression for the procurer’s surplus in terms of the contractors’ virtual costs, char-
acterize the optimal mechanisms (Proposition 1) and compare the results to the standard
case in the literature (when a contractor is always able to complete a project if assigned).

Denote by C'_; the set of the costs of contractor i’s opponents with generic element
c_;, the associated probability density function g_;(c_,) = II;49(c,) and the cdf G_,(c_,).
We will restrict our attention, without loss of generality, to the mechanisms where only
the contractor who completes the project is paid. Let m;(¢;, ¢_;) be the probability that
the project is assigned to contractor 7. If he turns out to be a good match for the procurer
(which happens with probability ® (¢;)), then he completes the project, incurs production
cost ¢; and receives the payment p;(c;, c_;); otherwise, his payoff is zero.

Contractor 7’s expected payoff from participating in a procurement mechanism when
he reports ¢, given that his true production cost is ¢;, while all the other contractors

report their costs truthfully, is

ui(c,¢) =@ (cz)/c pi(c,c—i) — &) m; (¢,c_,) dG_,.

First, we will identify the mechanisms that are incentive compatible, i.e. under what

conditions all contractors report their production costs truthfully.
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Lemma 1. IC for the case of no-testing

A direct mechanism m;(c;,c_;), pi(ci,c—;), i = 1,...N is incentive compatible if and only

if for every i

a) contractor i’s expected probability of being assigned the project

18 weakly decreasing in his production cost c;, and

b) the expected payment to contractor i with cost ¢;, conditional on his being a good
match for the procurer, is given by
Ui(c) ‘
Pi(¢;) = D (ci, cﬂ.) e (ci, cﬂ.) dG_, = ﬁ +1Li(c)e + I;(z)dz, (4.1)
. c o

i.e. it is uniquely determined by I1;(-), his expected probability of being assigned the

project, and by U;(¢), the payoff that the contractor with the highest cost obtains in the

mechanism.

Proof. See the appendix. |
Note that U;(c;), contractor i’s expected payoff in the mechanism, is therefore also

pinned down by U;(¢) and II,(-):

Us(ci) = wi(ci, ci) = Ui(E)z(((;)) + @ (c;) / i(2)d. (4.2)

P

This lemma mirrors the corresponding incentive compatibility result in the standard
literature (particularly, that the assignment probability is decreasing), which is somewhat
surprising. In any incentive compatible mechanism the procurer must assign the project
with higher probability to a contractor with a lower production cost, even though she
knows that he is more likely to be a bad match and, thus, to fail to complete the project.

When assigned the project by the procurer, contractor + completes it with probability

®(c,), delivering surplus v — p;(c;,c_,) to the procurer; otherwise, with probability 1 —

i
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®(c,), he defaults on the project, leaving the procurer with zero surplus. Therefore,
without testing, the procurer’s expected surplus from the project when contractors report

truthfully is given by

=3 [ [ e e ) mte.e a0 id)

In order to maximise her expected surplus, the procurer considers all implementable
mechanisms and selects the optimal one. To be implementable, a mechanism must be
both incentive compatible (with all contractors reporting their costs truthfully) and indi-
vidually rational (with all contractors obtaining non-negative expected payoffs: U;(¢;) > 0
for all types ¢;).

To obtain the expression for the procurer’s surplus in any incentive compatible and

individually rational mechanism, we substitute (4.1) into the surplus formula:

ovor _ Xi: /C | /C i{cp@-) (e milc,c ) — d(c) /C;Hi(z)dz}dGi(ci)dG(ci)
—iUi(E)ﬁ/@@(g)dG(g).

This expression is similar to the one for the standard mechanism design problem
but now includes both the probability that a contractor is assigned the project and the
probability that he is able to complete it.

We normalized the contractor’s payoff when he does not participate in the bidding to
be zero; thus, his individual rationality constraint is satisfied as long as U;(¢) > 0, due to
(4.2). Therefore, in the optimal mechanism the procurer sets the utility of the contractor
with the highest production cost to be zero: U;(¢) = 0, as that minimizes the payment
to contractor ¢ with any value of cost. Therefore, the last term in the above formula for
the procurer’s surplus is zero.

Next, we will derive the expression for the procurer’s surplus in terms of the contrac-
tors” virtual costs. The procurer obtains surplus only if the project is completed — i.e.,

whenever a contractor is a good match; therefore, it is the conditional densities of the
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production cost that matter. Let h(c¢;) be the density of a contractor’s production cost
¢;, conditional on his being a good match for the procurer; we denote the corresponding
cdf by H (¢;). Applying Bayes’ Rule, we obtain

Pr(good | ¢i)g(ci) _ P(ci)g(ci)
Pr(good) Pr(good)’

h (Cz> =

where the probability that a contractor is a good match, Pr(good), is determined by the

total probability theorem: Pr(good) = f d(z

We can now obtain the procurer’s surplus in terms of conditional densities as:?

SNeT /C {ém(@, ¢ )0(c) {v - Z (f” } dG. (4.3)

H(c)
()’

as in the standard literature, but we now need to use the conditional pdf and cdf in the

Therefore, the procurer’s surplus depends on the contractors’ virtual costs ¢ + 5

formula for the virtual cost instead of the unconditional ones.

How does the virtual cost in our case compare with the standard virtual cost ¢+ 2((5)) ?

The virtual cost is weakly smaller than the standard virtual cost when the production
cost and the quality of match are affiliated (and thus positively correlated), i.e., when
®(c) is increasing. On the contrary, in the case of negative affiliation (negative correla-
tion) the virtual cost is weakly larger than the standard virtual cost, with equality at the
lowest possible value of production cost.* It is useful to think of the difference between

virtual cost and cost as the information rent that a contractor must obtain to reveal his

3Interchanging the order of integration in the double integral gives us

/Ci </ ()dz> (i) dG(c;) = Pr(good) / (/:Hi(z)dz> dH(c;) =
good/ [/ dHcZ} i(2)dz = Pr(good) /cHzH 2)dz =

Hcl // H ¢;) mi(ei, c—i)dG_i(c_s)dG(c;)

4When ® (c) is increasing (decreasing), we have

I (ci)dG(ci)

H() Je®@gx)dz 1 a5 (2)
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cost. The contractor must be discouraged to try and increase his expected payment from
the procurer by reporting that his cost is higher than his true cost. When the probabil-
ity to complete the project increases with the production cost, there are countervailing
incentives. A lower cost is associated with a lower probability of completion and lower
powered incentives (lower information rents) are sufficient to induce truthful reporting.
On the contrary, with negative affiliation/correlation there are no countervailing incen-
tives; higher cost contractors are also less likely to complete the project, pushing the
virtual cost up — that is, making higher powered incentives optimal.

Clearly, beside a difference in virtual costs and hence information rents, the procurer’s
surplus when a contractor’s quality of match (the ability to complete the project) is
correlated with his production cost is also different from that in the standard case in the
literature because the corresponding revenue is decreased by a factor ®(c;), due to the
probability that the selected contractor fails to complete the assigned project and thus
brings no surplus to the procurer.

Define
H (c;)

Blc) = {U—Ci ot

} and I'(¢;) = ®(¢;)B(c);

B(¢;) is the procurer’s surplus “associated” with a contractor with cost ¢; (it takes into
account the IC constraint and includes the information rent that has to be given to
contractors), conditional on completing the project, and I'(¢;) is the corresponding un-

conditional surplus. We can then write the procurer’s expected surplus as follows

GNoT _ /C {;m(ci,c_i)@)(ci)B(ci)}dG_i(c_i)dG(cz-) (4.4)

= /C {Z Wi(cia CZ)F(CZ)} dG_z(C_Z)dG(CZ) (45)

Now we are in a position to characterize the optimal contracts for the procurer when
testing is not available. We will concentrate on the regular case - when the function
['(c) = ®(c)B(c) is decreasing; we will call this condition regularity condition 2 (R2). For

comparison, the assumption made in the standard literature is that B(c) is decreasing —
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H(c)
h(c)

i.e., virtual cost c+ is increasing; we will call this latter condition regularity condition
1 (R1).

When the probability ®(c) is increasing, our R2 assumption is stronger than assump-

tion R1, as we need ®(c)B(c) = ®(c) [v —c— 1;((5)} to be decreasing; therefore, this puts
some restrictions on how quickly the probability ®(c¢) of being a good match can increase
with cost. When ®(c) is decreasing, R2 is a weaker assumption than R1 — in that case,

an increasing virtual cost is sufficient for the I'(¢) to be decreasing.

Proposition 1. Optimal mechanisms for the case of no-testing.

When the function I'(c) = ®(c)B(c) is decreasing (Regular case 2), the project is either
assigned to the contractor with the lowest cost ¢; = min; ¢; conditional on B(c;) > 0; or
the project is not assigned at all if B(c;) < 0 for ¢; = min,c;. Let ¢* be the mazimum
value of ¢; such that B(c;) > 0 (i.e., ¢* either satisfies B(c*) = 0, or, if B(c) > 0 for all

values, then ¢* = ¢). An optimal payment to contractor i is:

pilci,c—;) = ¢ + /(: g:(((i)) dz =c¢; + /CC (11__—2((;))) o dz, (4.6)

5

if he is assigned and completes the project and zero otherwise.

Proof. Let us disregard for the moment the fact that in any incentive compatible
mechanism the probability I1;(c;) must be weakly decreasing (as proved in Lemma 1).
Then, according to expression (4.5), to maximise surplus the procurer should assign the
project to the contractor with the highest value of the function I'(c) as long as it is weakly
positive; otherwise the project should not be assigned at all. Therefore, in Regular case 2
when I'(c) is decreasing, the project should be assigned to the lowest cost bidder (as long
as the corresponding surplus is weakly positive). As a result, the expected probability
that the project is assigned to contractor i is II;(c) = (1 — G(c))V~! for ¢ < ¢* and 0

otherwise, which is weakly decreasing, as required by incentive compatibility.

5Tt is only one of possible payment functions - the one that does not depend on c¢;; there are many
other possibilities as in the optimal mechanism only the expected payment P(c;) is fixed.
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To find an optimal payment, consider the equality

/C; IL;(c)de = / (pi(ciyei) — ¢i) mi (cive ) dG_(c—y).

—1i

It is thus possible to choose a payment function p; that is independent of c¢_;, by setting

/ L ()de = (e, ) — el T(e), o

i

[ |
For comparison, consider the non-regular case when the function I'(¢) is increasing.
In such a case the project should be assigned to the bidder with the highest cost. How-
ever, this would violate incentive compatibility as II;(¢;) would be weakly increasing, and
therefore is not feasible. The optimal incentive compatible mechanism in this case is
a fair lottery which allocates the project to each contractor with the same probability,
1/N, if E.[I'(¢)] > 0 and does not assign it otherwise. The payment to contractor i is
pi(ci, ;) = ¢ if he is assigned and completes the project, and is zero otherwise.
Proposition 1 is the analog of a result in the standard literature, but note that the
requirement of increasing virtual cost is no longer sufficient. We need the regularity
assumption that the expected surplus ['(c) = ®(c)B(c) associated with a contractor is
decreasing to guarantee that the project is assigned to the lowest cost contractor, as long
as his cost is below the threshold c*. In this case, any incentive compatible mechanism
that implements this project allocation is optimal for the procurer. In particular, a first
or second-price auction will implement the optimal procurement procedure, provided the
reserve price is set equal to c*.
We conclude this section by comparing the social surplus achieved in an optimal
mechanism without testing to that of the standard case, when contractors are always a
good match (i.e., when ®(c) = 1). As discussed above, the virtual cost is smaller than

the standard one when the probability ®(c) is increasing and larger when it is decreasing.
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When the virtual cost is smaller, the corresponding reserve price c* is higher, so the project
is assigned more often than in the standard case — the mechanism is more efficient in the
sense that a higher proportion of the possible social surplus is implemented. The reason
is that, because the procurer is unsure whether any contractor whom she assigns the
project to will be able to complete it, and contractors with higher costs are more likely
to be a good match for her, she finds it optimal to assign the project to a contractor with
a higher cost than she otherwise would have, were she confident that a contractor would
always be able to complete the project. In the opposite case, when ®(c) is decreasing, the
contractors with lower production costs have a higher probability to complete the project
and, as a result, the virtual cost is higher; in this case the procurer finds it optimal to
assign the project less often - to contractors with a lower cost on average.

Note that comparing the values of social surpluses themselves, and not what propor-
tion of the first best surplus is obtained, is not very informative, as the social surplus is
always higher in the standard case because contractors never fail to complete the project.

We summarise this discussion in the following corollary.

Corollary. No-testing versus the standard case: welfare implications.

When a contractor’s match quality (the ability to complete the project) and his production
cost are positively (negatively) affiliated (and thus, correlated), a higher (lower) proportion
of the first best social surplus is achieved in the optimal mechanism, compared to the

standard case when contractors can always complete the project.

4.4 Optimal procurement with testing

In this section we characterize the optimal procurement mechanisms for a procurer who
tests the reliability of the contractors either before or after the auction. The test is fully
revealing: a contractor with cost ¢; passes the test if and only if he is able to complete the
project, i.e., with probability ® (¢;). We then compare the procurer’s surplus, contractors’

profits and the social surplus for the two different timings of the test.
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4.4.1 Testing before the auction

With before-the-auction testing all N contractors are tested first. Let {ix, k =1,..., K}
be the set of contractors who passed the test and, therefore, are good matches for the
procurer. These K survivors participate in the procurement mechanism. The number of
survivors K is a discrete random variable which takes integer values between 0 and V.

Let ﬂi (¢, c—i,) be the probability that the project is assigned to contractor iy, where
k=1,..., K. When he completes the project, he receives the payment pin (¢, c—i,). Both
probability and payment will depend on the number K of contractors participating in
the auction. To simplify the notation, we are omitting reference to it.

We can summarise the properties of the incentive compatible mechanisms when testing
is carried out before the auction (see Lemma 2 in the Appendix) in the same way as in
Lemma 1 of the previous section. The incentive compatible mechanism is the same as for
the standard procurement auction with K bidders (i.e., when all bidders are good matches
for the procurer), with the only difference being that we need to use the conditional pdf
of the production cost for each contractor 7;, — it is conditional on his being a good match.

Before the auction, but after having tested the reliability of all contractors, the pro-
curer updates her beliefs about the distribution of the production cost of each surviv-
ing contractor who is about to participate in the procurement auction. Due to affilia-
tion/correlation between the quality of the match and the production cost, the contractors
who pass the test on average have higher costs if the correlation is positive and lower
costs if the correlation is negative. As this is common knowledge, the contractors take it
into account when bidding at the auction; and so does the procurer when she is searching
for the optimal mechanism.

When testing is done before the auction, the pdfs of the production cost of contractor

1 and all other contractors that passed the test are given by

(e, )gle,) (e, )gle,) _ hie. ).
Pr(good) f;@(z)g(z)dz W
Hj/c#ikq)(cjk)g(cjk)

B — — — .
B L

9%(c,) =
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their distribution functions are denoted by G® and Gi.k respectively.

Now that we know which mechanisms are implementable when testing is done before
the auction and exactly K contractors are identified as good matches who will be partic-
ipating in it, we can look for the optimal auction. Let’s consider all incentive compatible
mechanisms and take into account that in the optimal mechanism the IR constraint of
the highest cost contractor binds (i.e., U;, (¢) = 0).

As shown in more detail in the appendix, the expected surplus of the procurer
with testing before the auction, conditional on the set of good match contractors be-

ing {ig,k=1,..., K, K > 1}, is

SE - Z / /C plene )] mle, eGP, (e )G (e,)

—ip

= mi (cip,c_, )B(c le) .. (I)(CZK)dG dG(ci,).
/ {Z wlewse, m} e L CRNCRNTEION

The overall expected surplus in the mechanism is the sum of the expected surpluses
generated by K good contractors bidding in an auction, weighted by the probability that

exactly K contractors are a good match for the procurer.

Z SB( ) [Pr(good)]™ [1 — Pr(good)]¥ ¥

It is important to point out that even though all contractors who bid in an auction
are good matches and can complete the project for sure, the probability of completion
®(c;, ) still appears in the formula for the surplus — it comes through the updated beliefs
of the procurer and contractors about the distribution of the production cost conditional
on passing the test. As a result, perhaps surprisingly, the virtual cost is again different

from the standard ¢ + oc )), instead, it is the same as with no-testing: ¢ + H((C))

Under R1, the standard regularity assumption in the literature, B(c;, ) is strictly
decreasing (i.e., the virtual cost ¢;, + % is strictly increasing) and the optimal mech-
anism assigns the project to the good match contractor with the lowest cost, as long as

B(c;,) > 0. Note that different regularity assumptions are required for different cases:
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in the case of testing before the auction, we require regularity condition R1, but in case
of no-testing (and, as we show later, in case of testing after the auction), we require
regularity condition R2, that I'(¢;, ) = ®(¢;, ) B(c;,,) is strictly decreasing. We summarise
the main result for testing before the auction in the following proposition:

Proposition 2. Optimal mechanisms for testing before the auction.

In regular case R1, the project is either assigned to the contractor with the lowest cost ¢;, =
min, ¢; conditional on B(c;,) > 0, or if B(c;,) <0 for ¢;, = min; c; the project is not as-
signed at all. An optimal payment to contractor iy, is p;, (¢;, , c_ik) = min {c*, 274 Jowest cost}
if he is assigned the project and zero otherwise.% If there is only one good contractor, then
he is paid ¢*, the minimum value of ¢ such that B(c) > 0.

Proof. Similar to the proof of Proposition 1 and omitted.

The optimal mechanism could again be implemented by a first or a second price
auction with reserve price ¢*. The payment to the procurer depends on the number K
of good match contractors who bid in the auction. Auctions with a smaller number of
participants will exert less competitive pressure on contractors; their resulting bids for
delivery of the project will be higher.

We now discuss the implications for efficiency of the optimal mechanism. In the

optimal mechanism the project is assigned to the lowest cost contractor if and only if

¢ < ¢*. The threshold cost (reserve cost) ¢* is the maximum value of ¢ such that B(c) > 0.

1

75> the virtual value B (c) is

For high values v of the project to the procurer, v > ¢ +
positive for all costs (and so ¢* = ¢) and then the project is always assigned, which is
efficient. For low values of the project, v < ¢, B(c) is negative for all costs, ¢* is not
defined and the project is never assigned, which is also efficient. For intermediate values
of the project to the procurer, v in the range [Q,E—i— %], the reserve cost ¢* satisfies
B(c*) = 05 in this case ¢* divides the contractors into those that could be assigned the
project if they happen to have the lowest production cost (¢ < ¢*) and those that are
never assigned the project (¢ > ¢*). Assigning the project when the lowest cost satisfies

¢ < ¢ is efficient, while not assigning it when ¢ > ¢* is efficient if ¢* < v < ¢ and

6As each contractor is a good match, he will complete the project if assigned it.
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inefficient whenever ¢* < ¢ < v.

Note that the reserve price with testing before the auction is the same as the reserve
price without testing (and does not depend on K, the number of good match contractors),
but it is different from the reserve price of a standard problem, when all contractors are
a good match. It is higher than the latter when the match quality and the production
cost are affiliated, and lower when they are negatively affiliated (See footnote 4). There-
fore, whenever high cost contractors are more likely to be good match for the procurer,
uncertainty about whether any particular contractor is good or bad leads the procurer
to run a mechanism which is more efficient, in the sense that a higher proportion of the
total possible social surplus is realized; the reserve cost is higher, more contractors have
an opportunity to deliver the project and hence the project is delivered more often. In
the case of negative affiliation, the optimal mechanism leads to more inefficiency, as the
reserve cost is lower, and the project gets implemented less often.

Now, let’s compare welfare in the cases of testing-before-the-auction and no-testing.
Though the reserve prices when testing before the auction and in the no-testing regimes
are the same, the procurer’s surplus, total surplus and contractors’ payments are not
— they are (weakly) higher in the case of testing before the auction. The intuition for
the result is very simple — even though the project is always assigned to the lowest cost
contractor as long as his cost ¢;, is below the reserve price c¢*, in the case of no-testing
this contractor fails to complete the project with probability 1 — ®(c;, ), resulting in
zero surplus and payments, while with pre-testing the project is always assigned to the
contractor who can complete the project (which may be the same contractor as in the
case of no-testing or a contractor with higher cost if the lowest cost contractor turns out
to be a bad match), leading to positive total surplus, procurer’s surplus and contractors’
payments. To be precise, whenever the project is assigned to the same contractor with
testing before the auction and no-testing (or not assigned at all), the corresponding
welfare measures/payoffs are the same; when the contractors who are assigned the project
are different, there is zero associated welfare in case of no-testing and positive welfare in

case of testing. It is also possible for the project to be assigned in the case of no-testing



PROCUREMENT AUCTIONS 59

and not to be assigned at all in the case of testing before the auction — that happens
when the lowest cost contractor has a cost lower than the reserve price but fails the test,
while the lowest cost contractor who passes the test has a cost above the reserve price;
the associated welfare measures in that case are the same in the two scenarios — they are

all zero. In conclusion, testing before the auction Pareto dominates no-testing.

4.4.2 Testing after the auction

Now let’s analyze the situation when the procurer chooses to test after the auction. In
a direct incentive compatible mechanism all N contractors report their production costs
at the start, then the procurer runs the testing and the assignment procedure, which is
known before the auction starts.

First, the procurer assigns the project to contractor ¢« with probability WEI) (¢iyc—;). She
carries out the test; with probability ®(c¢;) the contractor turns out to be a good match
and passes the test, completes the project and surplus is realized. He is paid p;(¢;, c_;).
Note that the procurer may choose to assign the project with probability less than 1, or
even not at all.

Second, if the first chosen contractor fails the test, then the procurer reassigns the
project to a different contractor j with probability 7Tj(-2)(cj, c_j) . She then conducts the
test; with probability ®(c;) the contractor happens to be a good match, completes the
project and surplus is realized. He is paid p;(c;, c—;). If a contractor fails the test at some
stage, he is never again assigned the project in the future. This procedure continues until
a good match contractor is found or there are no more contractors to assign the project
to.

Let 7 (ci,c_;) be the total probability that the project is assigned to contractor i
(i.e., at some stage). If he completes the project, he receives the payment p(c;,c_;);
otherwise, his payoff is zero. To better explain the intuition behind our analysis, we will
start by deriving a surplus formula for the special case of two contractors. The total
probability that contractor 1 is assigned the project, 7!(c1, ¢2), is equal to the sum of his

probability to be assigned the project first and his probability to be assigned the project
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second, which happens when the other contractor is assigned the project first, but turns

out to be a bad match for the procurer. It is given by
i (cr,2) = 7 (er, e2) + 7157 (e1, 02) [1 = @(e2)] 77 (e, c2).
Similarly, the total probability for contractor 2 is given by

3 (cr, 02) = 1 (1, €2) + 11 (ex, 2) [1 — @(er)] 757 (e, c2).

The procurer’s surplus is therefore

54 = /C [{T(e) +T(e) [1 = B(en] n (er,e0) 7 er, ) +

+ {r(cz) S T(e) 1 — B(en)] 7P (en,s c2)} 7D(ey, cz)} dG(co)dG(er),

where the first term is the surplus obtained when contractor 1 is assigned the project first,
and the second term is the surplus when it is contractor 2 who is assigned the project
first. We can see from this expression that the project will be reassigned to contractor j
after the failure of contractor ¢ only if the corresponding surplus I'(c;) is weakly positive;
otherwise, the project will not be reassigned and will be left uncompleted. The same is
true for the first round — the appropriate virtual value must be weakly positive for the
project to be assigned in the first place. We can also see that it is the contractor ¢ with
the highest virtual value I'(¢;) who gets assigned the project first; the contractor with
the lowest surplus will be assigned the project second, only if the first contractor fails.
Simple algebra manipulation allows us to rewrite the surplus in terms of the total

probability: B
54 = /C {;n (cl-,ci)F(ci)}dG(CQ)dG(cl). (4.7)

Note that the total probabilities of assignment don’t have to sum up to be less than or
equal to 1, as there is reassignment. If the project was first assigned with probability one
to contractor 1, then the total probability for contractor 1 is one; but if he fails the test

(which happens with prob 1 — ®(¢y)), then the project could be reassigned to contractor



PROCUREMENT AUCTIONS 61

2 with probability one, so his total probability would be 1 — ®(¢y).
Now, let’s return to the general case of N contractors. We describe incentive compat-
ible mechanisms for testing after the auction in Lemma 3.

Lemma 3. IC for testing after the auction.

A direct mechanism Wfk)(cz, ), pi(ciye_y), i,k = 1,...N is incentive compatible if and
only if for every i:
a) contractor i’s expected total probability of being assigned the project (derived from

the probabilities 7r (cz, i) is

7 (e) = E. (7] (cie,)] :/ i (ciye ) dG_i(cy)

18 weakly decreasing in c; and
b) the expected payment to contractor i with cost ¢; conditional on being a good match

s given by

ff<q>::/" pi (e e ) 7 (en ) dGa(e Z):a%%g—rnf@0q+:lfﬂf@ym.

Proof. The proof is the same as for Lemma 1 and is omitted. |

The expected payoff of contractor ¢ in the mechanism, U;(c¢;), is, therefore,

72l ; EAcc
5 e [ miee

Lemma 3 establishes that the incentive compatible mechanisms for the case of testing
after the auction look exactly the same as in our benchmark case of no-testing, if we
use the total probability of being assigned the project (i.e., at all possible stages).
Recall that a contractor’s total probability may be derived, for example, from a zero
probability of being assigned the project first and second and probability one of being
assigned the project third if contractors 7 and j with costs ¢; and c¢;, who were assigned

the project first and second, fail the test; in this example the contractor’s total probability

s [1 = @(c)][1 = &(cy)].
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With testing after the auction, the procurer’s expected surplus in any IC mechanism,
taking into account that in the optimal mechanism the high cost IR constraint binds, is

given by

st = Z/C[U—Pz‘(%c_iﬂ ®(c,)m (c,,c_,)dGi(c_)dG(c;)
= 3 c v—c—M e ¢ (e . o
= 3 [0 |- ey e G e

— /C{ZW;A(CZ"Ci)q)(ci)B(ci)}dGi(c—i)dG<Ci)

- /C {Zﬂf(ci,ci)F(ci)}dGi(ci)dG(ci). (4.8)

Proposition 3. Optimal mechanisms when testing after the auction.

Under reqularity condition R2, the optimal mechanism discards contractors with costs
¢; > ¢ (i.e., with I'(¢;) < 0) and ranks all other contractors from the lowest to the
highest cost. Starting with the lowest cost contractor, the procurer tests the contractor
with the highest rank (lowest cost) among those who have not yet failed the test and
assigns the project to and pays the first contractor that passes the test.

In the optimal mechanism the project ends up being assigned and completed by the
lowest cost contractor who is a good match if and only if his production cost ¢ < ¢*. This
will generate a weakly decreasing expected probability I1# (¢) as required.

The optimal mechanism outlined in Proposition 3 can be implemented by a first or
a second price auction with reserve price c*, subject to the provision that only a good

match contractor can be declared the winner.

4.4.3 Testing before vs. after the auction: a comparison

First, let’s compare the total social surplus generated while testing before or after
the auction. As shown in the previous sections, in both cases the project ends up being

completed either by exactly the same contractor, or not at all. With testing before the
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auction, the project is allocated to the good contractor who has the lowest production
cost, as long as it is below the reserve price ¢*. With testing after the auction, the procurer
assigns the project to a contractor with the lowest cost if it is below the same reserve
price ¢*, and keeps testing the contractors until a good match is found. Therefore, for
any realization of the quality of a match and the production costs of the contractors, the
same contractor completes the project (if at all), and total social surplus is exactly the
same, whether testing is done before or after the auction.

While total surplus is the same, its distribution between the procurer and contrac-
tors does not have to be the same. Particularly (as discussed in an introduction), two
different effects play a role in how surplus is divided. When testing is carried out before
the procurement auction, the contractors have an incentive to bid more aggressively, as
“every bid counts” - all participants are good matches and can complete the project, so
overbidding on cost will lead to a loss of a project, there are no second chances. On the
other hand, with testing first and bidding second, only good match contractors get to bid
in an auction; therefore, the total number of bidders in a procurement auction is smaller,
providing less competitive pressure on them to bid aggressively. These two effects work
in the opposite direction; the following proposition establishes the main result of this
section, that these two effects cancel each other exactly; there is no difference for the
procurer whether to test before or after the auction; she will have to share her surplus
with the contractors in exactly the same way.

Proposition 4. Surplus/payoff equivalence in a risk neutral case.

The total social surplus, the expected surplus of the procurer and the payoffs of the con-
tractors (conditional on the cost ¢;) are exactly the same, whether testing is done before or
after the auction. There is no surplus/payoff equivalence between testing and no-testing:
testing (weakly) dominates no-testing.

Proof. The proof that the total surplus is the same has been provided above, before
the statement of the proposition.

Let’s show that the expected payment to a good match contractor with production

cost ¢; is the same, whether the testing is done before or after the auction, i.e. P(c;) =
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PB(c;). That would mean that the payoff of any contractor is the same across the two
regimes, and so is the surplus of the procurer herself.

We start by comparing the probability that contractor ¢, who is a good match and
has production cost ¢;, is assigned the project. In any realization of uncertainty, each
contractor has a production cost and a quality of match. Consider all realizations where
contractor 7 is good and has cost ¢;, but all other contractors could be either good or bad
and, particularly, could have different costs, higher or lower than that of contractor 7. In
both testing before and after the auction, this contractor could be assigned the project
only if his cost is below the reserve price ¢*, otherwise he is never assigned the project
and his payment and payoff is zero. Therefore, we need to concentrate on the case when
his cost is below the reserve price.

The expected probability I1#(c;) that contractor i is assigned the project in the mech-
anism where testing is done after the auction is the probability that he has the lowest
cost out of everyone who is a good match for the procurer. As we assumed that contractor
1 is a good match, this probability is equal to the probability that he has the lowest cost
plus the probability that he has the second lowest cost but the lowest cost contractor
turns out to be a bad match, plus the probability that he has the third lowest cost but
both the first and second lowest cost contractors turn out to be bad matches, and so on...

The expected probability HZB ’K(ci) that contractor i is assigned the project in the
mechanism with testing done before the auction and exactly K good match contractors
are participating in bidding is equal to the probability that he has the lowest cost out of
those K contractors. To obtain the overall probability, we need to average over all possible
situations with different values of the number of good match contractors K =1,2,..., N,

therefore, it is given by
al N
12(¢;) = 2K C; ( )Pr ood)]¥[1 — Pr(good)]V K.
z()KZZIz()K[(g )E (good)]

Thus, the probability to be assigned the project when testing before vs. after the

auction is, in both cases, equal to the probability that contractor ¢ has the lowest cost
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out of all good match contractors. This probability is obtained in two different ways. In
testing before the auction the procurer first finds all the good matches and then finds
the one with the lowest cost. In testing after the auction, the procurer first ranks the
contractors in order of their costs, and then looks for the first good match. Thus, we
conclude that I (¢;) = TP ().

Recalling that the expected payments are uniquely determined by the expected prob-

abilities (as derived previously), with:

*

PA(e) = T(e)e + / 4 (2)dz,

PP@) = Yo PP () Prleood 1 - Prlgood)Y X,

N
k=1

*

PP e) = MPe)a+ [ PG

we conclude that the expected payments to contractors do not depend on when testing
is done. When testing is carried out before the auction, a contractor is paid more if
he competes with a smaller number of other good match contractors and less if there is
more competition; but, averaging over all possible events and numbers of competitors,
his payment is exactly the same as when testing is done after and all contractors, good
and bad, bid at the auction (but bids from bad matches are discarded). Thus, the payoffs
of contractors and the surplus of the procurer do not depend on the timing of the test.
The proof that testing before the auction Pareto dominates no-testing was provided
above. Total social surplus, the surplus of the procurer and the payoffs of the contractors

are higher with testing than without it. |

We have thus established a surplus/payoff equivalence between the two regimes: test-
ing before and after the auction. It does not matter for the procurer when to test the

contractors for reliability in order to identify which ones are good matches for her.
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4.5 Conclusions

In this chapter we have studied the procurement mechanisms when the procurer is unsure
whether potential contractors are able to complete the project and has to test them for
reliability. We identified and compared optimal mechanisms when testing is done before
or after the auction and when no testing is performed. We showed that when the procurer
and the contractors are risk neutral and the testing could be carried out costlessly, it does
not matter whether the testing is done before or after the procurement auction: in both
cases the project is awarded to the same contractor (or not at all), the procurer’s expected
surplus and the contractors’ payoffs are the same. In future research, first, it would be
interesting to explore whether a mixed regime, in which some contractors are tested before
and some after is beneficial to the procurer. Second, as our conclusions depend on the
risk neutrality of procurer and contractors, it would be interesting to study what happens
once one introduces risk aversion. In several public project applications, for example, it

would seem appropriate to model the procurer and perhaps the bidders as risk averse.



Chapter 5

Conclusion

In this thesis I present three essays in Industrial Organisation.

The second and third chapters contribute to our understanding of how bounded ra-
tionality on the part of the consumers affects pricing, product variety and competition
in monopolistic and oligopolistic markets.

The second chapter provides a novel explanation of the relationship between product
quality and variety. It introduces the concept of a nearly rational consumer and makes an
important theoretical observation: even a small deviation from rational choice on the part
of the consumers could lead to a significant change in the monopolist’s optimal product
line, adding an extra dimension to it, namely, multiple varieties at each quality level. It
also identifies the technical reason for this: failure of lower hemicontinuity of the choice
correspondence in the parameter that captures the degree of irrationality. The concept
of a nearly rational agent provides a useful framework for future research: it could be
used to analyse many Mechanism Design problems with binding incentive compatibility
constraints.

The third chapter introduces a pioneering model where the degree of irrationality
exhibited by agents is endogenous. It examines oligopolistic market with boundedly
rational consumers, where Bertrand oligopolists can choose to manipulate the degree of
irrationality of their consumers by either obfuscating or educating them. It shows that
while it is worthwhile for the firms to confuse the consumers, it is only optimal to educate

them if they are sufficiently rational at default. It also argues that competition has two
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beneficial effects from the social point of view: it increases the chance that a consumer will
buy the product and decreases the amount of obfuscation. This chapter builds the tools
for analysing other markets or contractual arrangements, where degree of irrationality of
the agents can be manipulated.

The fourth chapter contributes to the literature on the optimal procurement auctions.
It considers the case when the reliability of contractors is not known beforehand and must
be tested for. The crucial issue is whether such testing should occur before or after the
auction is conducted. When the procurer and bidders are risk neutral, the timing of the
test is irrelevant. Further work is needed to investigate the case when the procurer and

bidders exhibit risk aversion of a general form.



Bibliography

Anderson, S. P.; A. De Palma, J.-F. Thisse (1992). Discrete choice theory of product
differentiation. MIT press.

Anderson, S. P.; J. K. Goeree, C. A. Holt (1998). Rent seeking with bounded rationality:
An analysis of the all-pay auction. Journal of Political Economy, 106(4):828-853.

Anderson, S. P.; J. K. Goeree, C. A. Holt (2004). Noisy directional learning and the logit
equilibrium. Scandinavian Journal of Economics, 106(3):581-602.

Anderson, S. P., J. K. Goeree, C. A. Holt, et al. (2001). Minimum-effort coordination
games: Stochastic potential and logit equilibrium. Games and Economic Behavior,

34(2):177-199.

Arkes, H. R., K. R. Hammond (1986). Judgment and decision making: An interdisci-

plinary reader. Cambridge: Cambridge University Press.

Arrow, K. J., L. Hurwicz (1960). Stability of the gradient process in n-person games.
Journal of the Society for Industrial and Applied Mathematics, 8(2):280-294.

Babich, V., C. S. Tang (2012). Managing opportunistic supplier product adulteration:
Deferred payments, inspection, and combined mechanisms. Manufacturing € Service
Operations Management, 14(2):301-314.

Basov, S. (2003). Incentives for boundedly rational agents. The B.E. Journal of Theo-
retical Economics, 3(1):1-14.

Basov, S. (2005). Bounded rationality: Static versus dynamic approaches. Economic
Theory, 25(4):871-885.

Basov, S. (2009). Monopolistic screening with boundedly rational consumers. Economic

Record, 85(51):529-S34.

Basov, S., M. Bhatti, S. Danilkina (2011). Recent developments on mechanism design
under bounded rationality. In T. L. Wouters (ed.), Progress in Economics Research,
volume 20. New York, NY: Nova Publishers, pp. 319-340.

69



70

Basov, S., S. Danilkina (2015). Bertrand oligopoly with boundedly rational consumers.
The B.E. Journal of Theoretical Economics, 15(1):107-123.

Basov, S., S. Danilkina, D. Prentice (2020). When does variety increase with quality?
Review of Industrial Organization, 56(3):463-487.

Ben-Akiva, M. E.; S. R. Lerman (1985). Discrete choice analysis: Theory and application
to travel demand. Cambridge, MA: MIT press.

Berger, J., M. Draganska, I. Simonson (2007). The influence of product variety on brand
perception and choice. Marketing Science, 26(4):460-472.

Board, S. (2007). Bidding into the red: A model of post-auction bankruptcy. The Journal
of Finance, 62(6):2695-2723.

Bush, R. R., F. Mosteller (1955). Stochastic models for learning. New York: Wiley.

Calveras, A., J.-J. Ganuza, E. Hauk (2004). Wild bids. Gambling for resurrection in

procurement contracts. Journal of Regulatory Economics, 26(1):41-68.

Champsaur, P., J.-C. Rochet (1989). Multiproduct duopolists. Econometrica, 57(3):533—
d57.

Chen, H.-C., J. W. Friedman, J.-F. Thisse (1997). Boundedly rational Nash equilibrium:
A probabilistic choice approach. Games and Economic Behavior, 18(1):32-54.

Conlisk, J. (1996). Why bounded rationality? Journal of Economic Literature,
XXXIV:669-700.

Donnenfeld, S., L. J. White (1990). Quality distortion by a discriminating monopolist:
Comment. The American Economic Review, 80(4):941-945.

Ellison, G., S. F. Ellison (2009). Search, obfuscation, and price elasticities on the internet.
Econometrica, 77(2):427-452.

Ellison, G., A. Wolitzky (2012). A search cost model of obfuscation. The RAND Journal
of Economics, 43(3):417-441.

Engel, A. R., J.-J. Ganuza, E. Hauk, A. Wambach (2006). Managing risky bids. In
N. Dimitri, G. Piga, G. Spagnolo (eds.), Handbook of Procurement. Cambridge Univer-
sity Press, pp. 322-343.

Foster, D., P. Young (1990). Stochastic evolutionary game dynamics. Theoretical Popu-
lation Biology, 38(2):219-232.



BIBLIOGRAPHY 71

Friedman, D. (2001). Towards evolutionary game models of financial markets. Quantita-
tive Finance, 1(1):177-185.

Friedman, D., J. Yellin (1997). Evolving landscapes for population games. Univer-
sity of California, Santa Cruz draft manuscript, available at: hitp://www. vismath.
org/research/landscapedyn/models/articles.

Fudenberg, D., C. Harris (1992). Evolutionary dynamics with aggregate shocks. Journal
of Economic Theory, 57(2):420-441.

Grossman, S. J. (1981). The informational role of warranties and private disclosure about
product quality. The Journal of Law and Economics, 24(3):461-483.

Hagenbach, J., F. Koessler (2010). Strategic communication networks. The Review of
Economics Studies, 77:1072-1079.

Hogarth, R. M. (1991). Judgment and choice: Psychology of decision. New York: Wiley.

Huber, J., C. Puto (1983). Market boundaries and product choice: Illustrating attraction
and substitution effects. Journal of Consumer Research, 10(1):31-44.

Kahneman, D., S. P. Slovic, P. Slovic, A. Tversky (1982). Judgment under uncertainty:

Heuristics and biases. Cambridge: Cambridge University Press.

Kandori, M., G. J. Mailath, R. Rob (1993). Learning, mutation, and long run equilibria

in games. FEconometrica, 61:29-56.

Klemperer, P. (2004). Auctions: theory and practice. Princeton, NJ: Princeton University

Press.

Kuksov, D., J. M. Villas-Boas (2010). When more alternatives lead to less choice. Mar-
keting Science, 29(3):507-524.

Lancaster, K. (1990). The economics of product variety: A survey. Marketing Science,
9(3):189-206.

Luce, R. D. (1959). Individual choice behavior: A theoretical analysis. New York: Wiley.

Mattsson, L.-G., J. W. Weibull (2002). Probabilistic choice and procedurally bounded
rationality. Games and Economic Behavior, 41(1):61-78.

McKelvey, R. D., T. R. Palfrey (1995). Quantal response equilibria for normal form

games. Games and economic behavior, 10(1):6-38.

McKelvey, R. D., T. R. Palfrey (1998). Quantal response equilibria for extensive form

games. Ezperimental economics, 1(1):9-41.



72

Milgrom, P. R. (1981). Good news and bad news: Representation theorems and applica-
tions. The Bell Journal of Economics, 12:380-391.

Milgrom, P. R., R. J. Weber (1982). A theory of auctions and competitive bidding.
Econometrica, 50:1089-1122.

Morgan, J., V. Krishna (2001). A model of expertise. Quarterly Journal of Economics,
116(2):747-75.

Mussa, M., S. Rosen (1978). Monopoly and product quality. Journal of Economic theory,
18(2):301-317.

Neven, D., J.-F. Thisse (1990). On quality and variety in competition. In J. J. Gabszewicz,
J. F. Richard, L. A. Wolsey (eds.), Economic decision-making: Games, economet-
rics, and optimisation: Contributions in honour of Jacques H. Dreze. Oxford: North-
Holland, pp. 175-199.

Newton, J. (2014). Cheap talk and editorial control. The B.E. Journal of Theoretical
Economics, 14(1):1-25.

Nisbett, R. E., L. Ross (1980). Human inference: Strategies and shortcomings of social
Judgment. Prentice Hall.

Simon, H. A. (1957). Models of man; social and rational. Wiley.

Sonnemans, J., A. Schram, T. Offerman (1998). Public good provision and public bad
prevention: The effect of framing. Journal of Economic Behavior € Organization,

34(1):143-161.

Srinagesh, P., R. M. Bradburd (1989). Quality distortion by a discriminating monopolist.
The American Economic Review, 79(1):96-105.

Stole, L. A. (1999). Lectures on the theory of contracts. Retrieved April 24, 2020 from
https://cpb-us-w2.wpmucdn.com/campuspress.yale.edu/dist/3/352/files /2011 /01 /lectures.pdf.

Thomadsen, R. (2012). Seeking an expanding competitor: How product line expansion
can increase all firms’ profits. Journal of Marketing Research, 49(3):349-360.

Villas-Boas, J. M. (2009). Product variety and endogenous pricing with evaluation costs.
Management Science, 55(8):1338-1346.

Waehrer, K. (1995). A model of auction contracts with liquidated damages. Journal of
Economic Theory, 67(2):531-555.

Wan, Z., D. R. Beil (2009). RFQ auctions with supplier qualification screening. Opera-
tions Research, 57(4):934-949.



BIBLIOGRAPHY 73

Yang, Z., G. Aydm, V. Babich, D. R. Beil (2009). Supply disruptions, asymmetric

information, and a backup production option. Management science, 55(2):192-209.

Yang, Z., G. Aydin, V. Babich, D. R. Beil (2012). Using a dual-sourcing option in
the presence of asymmetric information about supplier reliability: Competition vs.

diversification. Manufacturing € Service Operations Management, 14(2):202-217.

Young, H. P. (1993). The evolution of conventions. Econometrica, 61:57-84.






Appendices






Appendix A

Appendices for Chapter 4

A.1 Proof of Lemma 1

First, let’s show that in any IC mechanism a) and b) must be satisfied (only if part).
a) Contractor i’s expected payoff from participating in a procurement mechanism
when he reports ¢, given that his true cost is ¢;, while all the other contractors report

their types truthfully is

ui(c, ) =@ (c,)/c [pi(c,ci) — il mi (¢,c,) dG_, = @ (¢;) [Py(c) — I, (¢) ;]

—1

where I1;(c) = fc_- U (c, c_l.) dG _, is contractor i’s expected probability to be assigned

a project and Pi(c) = [, pi(c,c_;)m (c,c_,)dG_, is his expected payment conditional
on completing it.
Due to the incentive compatibility of the mechanism, contractor ¢ weakly prefers to

report his true type ¢; to reporting any other type c: u;(c, ¢;) < u;(c;, ¢;), or

P (c;) [Pi(c) =L (¢) ¢i] < @ (ci) [Pi(es) — 11 (i) i

which gives us

Pi(e)=1; (¢) ¢; < Pilei) =11 (i) e+11i (¢3) e=11i (¢3) ¢ = [Fi(ei) — 1L (i) o] =1; (e3) [e; — ¢

Al



A2

and multiplying by ® (¢) we have
8 () [Pe) — L (¢) ] < & () [Pes) — Ty (e1) €] — ® () Ty ) e — o]

Using incentive compatibility again: w;(c;, ¢) < u;(e, ¢), or

@ (c) [Pi(ci) — i (i) o] < @ (¢) [Pilc) — i (¢) ],

and substituting into the above inequality, we obtain
[Fi(c) = ILi (¢) ;] < [Fi(e) = ILi (¢) ] = i (¢s) [ei — o],

or

[1L; (¢;) — 1L (¢)] [e; — ] < 0.

Thus, in any incentive compatible mechanism, the expected probability 1I; (¢;) of being
assigned the project must be weakly decreasing in ¢;.

Note that the proof does not rely on @ (¢;) being increasing at all.

b) Let Ui(c¢;) = wi(ci, ¢;) be the expected payoff of the agent in the mechanism when

everyone reports truthfully. Then by using the envelope theorem we obtain

i (o) - a0 (67)

Integrating, we obtain the formula for the expected payoff of contractor i :

= —IL; (0)]—,, = —TL; (cs),

C=¢C;

Us(e;) = Ui(2) (f;((%) + ®(c;) / i(2)d.

The corresponding expected payment to contractor ¢ with cost ¢; conditional on his

being a good match is then given by

Pi(c;) = Ulci)/®(c;) + i(ci)e; = .
= / pi (ciye ) mi (ciyc ) dG_, = ICI])Z(%) + IL(e) +/ I1;(2)dz.

Ci

—1
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(If part) - a) and b) imply IC - the proof is standard and is omitted. [ |

A.2 Lemma 2

Lemma 2. IC for testing before the auction

A direct mechanism W,i(cik,c_ik), pin(cik,c_ik), 1 = 1,...K is incentive compatible if and

only if for every iy

a) contractor iy ’s expected probability of being awarded the project

Hi (¢i,) = Ecik [7% (cik,cﬂ.kﬂ = / iy <cik,cfik> dH

—ig

is weakly decreasing in c;, .

b) the expected payment to contractor iy with cost ¢;, conditional on being a good

match is given by

by (Clk) = Uik (Clk) + Hi (Cik)cik =

= / vy (cl-k, cfik> T (cik, C*%) dH_, =U;(c)+ 7 (c3, )ca, +/ 117 (2)dz.
c

ik Cik

Note that U, (¢;,), contractor ix’s expected payoff in the mechanism conditional on
passing the test, is pinned down by the payoff of the contractor with the highest cost
U;,(¢) and his own expected probability of being assigned the project II;, (-):

Uiles) = wileisca) = U @) + [ Ty () (A1)
Cik

Proof. The proof is standard and is omitted. [ |

The expected surplus of the procurer with testing before the auction, conditional on



A4

the set of good matches being {ix, k= 1,..., K, K > 1}, is

SE = / [ o= mtee )] mule, e )6 (e-uic? )
) [ CC:))} 7oy (6, ¢ )AGE, (i )dGP(ci,)
- § [ ( —Cik—fiéirf)] ‘”Tl:l&g;odi““”w et

IR T
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