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Abstract

When experts have superior information on their customers’ needs and appropriate
treatment/repair/advice is a credence good, there are obvious incentives for opportunis-
tic behavior. What compounds this is that experts regularly make treatment recommen-
dations and price offers only after consumers have approached them, creating additional
market power due to search costs. In our model, an expert enjoys monopoly power on
diagnosis and major treatments, but has limited market power on minor treatments due
to fringe competition. The expert’s treatment offer only gets revealed to consumers
upon visit, and both searching the expert and fringe firms is costly. For search costs
that are not excessively high, in equilibrium the expert inappropriately proposes major
treatment to all or a fraction of low-severity consumers, which they respectively accept
all or some of the time. Next to wasteful overtreatment, further inefficiencies arise in
the latter case, as some high-severity consumers mistakenly leave the expert, and some
low-severity consumers incur unnecessary search costs. Total welfare is non-monotonic
in search costs and may even be maximized when these are large. Expert competition
often does not, or only partly, alleviate market distortions.
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1 Introduction

Most people have incurred problems which need proper diagnosis and expert service to be
solved. Examples include medical problems (requiring physician diagnosis and suitable
treatment), technical problems (requiring diagnosis and repair by a technical expert, such
as a car mechanic for vehicles or an IT specialist for computers), or financial “problems”
such as the problem of finding the right investment strategy (requiring advice by a financial
professional). In many cases, diagnosis and treatment of such problems are undertaken by
the same expert, which may create incentives for experts to offer consumers inappropriate
treatment or even to commit fraud. In particular, this is the case when consumers are not
even able to assess ex-post whether a specific treatment was warrantedE] In such markets
where expert service is therefore a credence good,ﬂissues with fraud — for example, charging
for services which were not conducted — have been widely documented empirically and
discussed in the theoretical literature. Also other phenomena, such as providing lower levels
of treatment than required to solve a consumer’s problem (so-called undertreatment), have
been studied extensively. Those practices, however, are often already undermined by legal
sanctions and liability laws.

On the other hand, expert provision of unnecessary or inefficiently costly services to fix

a problem, so-called overtreatment, is empirically well documentedﬂ can entail similarly

10r even worse, when they may not even observe which treatment was conducted, although we do not
study this issue in this paper.

>The seminal paper on credence goods is by Darby and Karni (1973). Dulleck and Kerschbamer| (2006)
outline a unifying framework for the theoretical analysis of credence-goods markets and provide a very useful
overview of the earlier literature. A comprehensive review of subsequent developments in the field is given by
Balafoutas and Kerschbamer (2020)

“In a recent field experiment, |Gottschalk et al.| (2020) find that 28% of the 180 visited dentists recom-
mended unnecessary and highly invasive treatments for a patient with superficial caries lesion, which was es-
pecially the case for dentists with low waiting times. Analyzing data from the US Medicare system, |(Clemens
and Gottlieb (2014) find a strong correlation between payments made to physicians and treatment recommen-
dations, indicating the likely presence of overtreatment. Balafoutas et al.|(2013) conducted field experiments
in the market for taxi services and discovered that 45% of drivers took an unnecessary detour. While Ker-
schbamer et al.| (2019) find mostly fraudulent behavior in the market for computer repair services, there is also
evidence of shops unnecessarily exchanging parts which do not need fixing. Data from German car repair
services evaluated by Rasch and Waibel| (2018)) shows that overcharging or overtreating occurs in 4.5% of
cases, which decreases under competition. [Inderst and Ottaviani| (2012)) study the impact of commissions paid
to financial advisors’ recommendations and find that in the presence of monetary incentives for experts, they
oftentimes sell products which consumers do not need. [Huck et al.[{(2016) show that in their experimental med-
ical market, overtreatment occurs at a rate of 26.3% when financial gains can be made by recommending a high
treatment to a patient with a low-severity problem. This rate increases dramatically to 70.9% when patients
are insured. [Kerschbamer and Sutter|(2017) provide an overview of experimental studies on overtreatment and
overcharging in credence-goods markets.



severe welfare distortions, but has received comparatively less attention from the theoretical
literature. In this paper, we provide a novel theoretical analysis of expert overtreatment
caused by an interplay of consumer search frictions and limited expert market power on
basic services[]

We argue that limited expert market power is an important driving force of expert overtreat-
ment: One major advantage of visiting an expert, rather than trying to fix a problem oneself
(for example, by purchasing and installing only potentially helpful spare parts, or using non-
prescribed pharmaceuticals) is that often an accurate diagnosis can be obtained. However,
when an expert realizes that a consumer’s problem could easily be fixed through a basic
treatment widely available at low price, the expert might have an incentive to (try to) trick
the consumer into believing that a more sophisticated treatment (which is not as compet-
itively supplied) is required. For example, when a car mechanic finds that a customer’s
V-belt has snapped, he or she might have an incentive to report a more complex problem,
such as a broken engine part. This is because for the former problem, the mechanic knows
that no outrageous price can be charged, while his/her market power for a replacement of
the (claimed to be) broken part might be considerably higher. As consumers may antici-
pate such opportunistic behavior, they might in turn be reluctant to (immediately) agree to
expensive treatments. It is this tension that we explore in this paper.

Our analysis incorporates three features that are present in many real-world expert mar-
kets, but have largely been ignored by previous theoretical work. First, consumers typically
do not observe experts’ price plans before visiting them and obtaining a treatment recom-
mendation, such that they cannot perfectly predict in advance whether an expert will be
prone to over- or undertreat. Second, due to travel, effort and opportunity costs, consumers
find it costly to visit experts (and also alternative treatment providers), which gives experts
market power on those consumers who have already arrived at their doors. And third, after
diagnosing a consumer’s problem, experts usually provide a single treatment recommenda-
tion at some chosen price — both specific to that consumer — which the consumer can either

accept or reject. In game-theoretic terms, an important distinction to most previous work is

4Other theoretical explanations for expert overtreatment that have been put forward include misaligned
incentives caused by regulated prices, commissions or insurance; faulty diagnostics; and capacity constraints.
Of course, also expert markets with search frictions have been studied before, though in different setups fea-
turing alternative economic mechanisms and giving rise to different market outcomes. We provide a detailed
comparative literature review below.



that we flip the sequence of movesf] In our model, consumers first decide whether to visit an
expert or not, which they cannot base on any observable feature of that expert. Only after a
consumer consults an expert, the latter decides upon his/her treatment recommendation and
price — which can finally be accepted or rejected by the consumer.

In the precise market we study, each consumer (female in what follows) suffers from
one of a number of different conditions, and needs effective treatment to get this condition
fixed (and thereby, receive some gross surplus). Any given condition can either be of low or
high severity, with known ex-ante probabilities. Effective treatment of a problem requires
that the correct condition is treated. Moreover, there are two types of treatment, low and
high, where high treatment is more costly. As is common in the literature, we assume that
low-severity problems can effectively be treated by both low and high treatment, while high-
severity problems require high treatment. No consumer initially knows which condition she
suffers from and at which severity.

In our main model, consumers may undergo treatment from either a monopolistic expert
service provider (male in what follows) who can treat all problems or from competitive
fringe firms that can only treat low-severity problems. The expert thus has monopoly power
on high treatmentsﬁ Importantly, we assume that the expert can perfectly and costlessly
identify consumers’ conditions and severity grades, by which we eliminate mistakes and
free-riding problems in diagnosis provision as potential sources of inappropriate treatment.
In contrast, each fringe firm is specialized on providing treatment for a single low-severity
condition only, has no diagnostic ability and liability (see below), and prices competitively.

Consumers can search sequentially the expert and fringe firms in an arbitrary order,
paying a positive cost for every trip they make (including return trips[]). A consumer that
has not yet visited the expert has not received a diagnosis either and can therefore only try
her luck by randomly buying low treatments from fringe firms — which however do not bring
any benefit when not suitable (i.e., when the consumer suffers from a different condition or

has a high-severity problem).

5 Compare, e.g., with |Dulleck and Kerschbamer| (2006).

®In an extension, we also study competition between N identical experts. We comment on the differences
in outcomes below.

"We have also solved the game for costless return trips (“free recall”), for which we find that (a slight
variation of) the most interesting (semi-pooling) equilibrium from the main analysis remains an equilibrium
under the same set of parameters (and starts to exist for very high search costs). Details are available from the
authors upon request.



When a consumer visits the expert, he observes her condition and severity and makes a
binding treatment proposal. As we want to focus on the issue of overtreatment, we impose
two crucial assumptions, variations of which are commonly employed in the literature: lia-
bility and veriﬁabililyﬁ The former means that the expert is liable for the treatment provided,
such that he has to pay back the fee to any unsuccessfully treated consumer. The second —
stronger — assumption means, in our setting, that the expert cannot recommend treatment for
one condition and severity and then undertake treatment of a different condition or severityﬂ
Liability makes undertreatment unprofitable, while verifiability rules out overcharging (i.e.,
proposing high treatment but only conducting low treatment). What verifiability together
with liability ensure as well is that the expert cannot find it profitable to leave consumers in
the dark about which condition they suffer from: proposing treatment for a wrong condition
to (a positive measure of) consumers is a weakly dominated strategy.

Visiting the expert hence enables consumers to learn their condition — and also their
severity in case low treatment is proposed. In particular for low-treatment recommenda-
tions, this learning gives consumers an opportunity to free-ride on the expert’s diagnosis by
rejecting his offer and purchasing from the fringe. This effectively puts a cap on the markup
for low treatments: the maximal markup is given by the additional search friction a con-
sumer would have to incur to visit the fringe. While the expert thus has some market power
also on low treatments due to consumers’ search friction, this market power is limited, such

that he might have an incentive to recommend high treatment to (a fraction of) low-severity

8See [Dulleck and Kerschbamer] (2006) for a succinct description of the standard assumptions. Of these,
our model also satisfies homogeneity: all consumers have the same valuation and suffer from a high-severity
problem with the same probability. We however depart from commitment, which would mean that consumers
are committed to undergo treatment once a recommendation is made by the expert. In our setting, consumers
do not observe the expert’s price before receiving a treatment recommendation, such that this assumption
would make little sense. Interesting tensions arise in our model precisely because consumers have the freedom
to reject expert offers.

°In many situations, this assumption is arguably satisfied: For instance, a doctor proposing hip surgery
(a “high treatment”) and accepting payment for it can hardly get away with just giving infusions (a “low
treatment”) — and likewise, it would be difficult for the doctor to instead treat some seemingly unrelated
condition, like a pinched spinal nerve. Similarly, an electrician suggesting to replace a (claimed to be) broken
power line at some specific price could hardly succeed in just replacing a defunct wall outlet without (most)
customers noticing and complaining — and it would also arise suspicion if he were to instead install a new
fuse box. What is crucial is that consumers are able to verify, at least to some extent, the inputs the expert
uses for his chosen treatment (see also the related discussions in |Alger and Salanié| (2006)) and |Dulleck and
Kerschbamer| (2006)). Some papers that (explicitly or implicitly) employ similar verifiability assumptions
include Emons| (1997, 2001), |Alger and Salanié| (2006)), [Dulleck and Kerschbamer| (2009)), |Fong et al.|(2014),
Hilger (2016), Bester and Dahm|(2018), and |Liu et al.| (2020).



consumers. Anticipating this, consumers may in turn reject high-treatment proposals and
try their luck at the fringe — potentially returning to the expert if no effective treatment is
obtained. It is this struggle which drives many of our results.

We characterize the set of (Perfect Bayesian) equilibria in which all consumers start their
search for treatment at the expert. When consumers’ search cost is high, this means that the
expert enjoys a relatively large market power vis-a-vis visiting consumers even for low treat-
ments. Therefore, the expert has no incentive to propose high treatment to low-severity con-
sumers, such that always appropriate treatment is recommended. Knowing this, consumers
immediately accept any expert proposal. This equilibrium only exists if consumers’ ex-ante
probability from having a high-severity problem is sufficiently low: otherwise, given their
high search cost, their participation constraint would be violated.

In contrast, for low and intermediate search costs, the expert’s market power on low
treatments is relatively low, such that he would prefer to carry out high treatment (at the
maximal price compatible with equilibrium) to low-severity consumers, provided that they
followed his proposal for sure. If, at the same time, consumers’ probability of having a high-
severity problem is large, then, even knowing that the expert always proposes high treatment,
they do not find it worthwhile to walk away and try their luck at the respective fringe firm.
As a result, the expert always overtreats low-severity consumers in equilibrium.

But otherwise, if consumers are less prone to suffer from a high-severity problem, they
would find it optimal to leave towards the fringe after consulting an expert that always rec-
ommends high treatment. This cannot be part of an equilibrium, however, as the low-severity
consumers would never return — such that the expert would prefer to retain them by offering
low treatment. In equilibrium, these two forces are balanced by both the expert and con-
sumers randomizing: When the expert faces a low-severity consumer, he inappropriately
recommends high treatment some of the time. Likewise, when getting offered high treat-
ment, consumers (immediately) accept this proposal only with some probability. Indeed, the

respective sides’ strategies are such that they keep each other indifferent what to do

10ne may wonder why the expert would not like to break consumers’ indifference to stay or walk away
when getting offered high treatment by asking for a marginally lower price. The problem is that consumers
should interpret such a deviation to be highly indicative of suffering from a low-severity condition, inducing
them to leave anyhow. This is because the expert can guarantee to sell to high-severity consumers already
at the equilibrium price, since even when they leave, they will return to him (as they cannot obtain effective
treatment at the fringe).



The described tension gives rise to a (to the best of our knowledge) novel and non-trivial
combination of welfare losses. First, there is the standard cost inefficiency caused by the ex-
pert overtreating (a fraction of) low-severity consumers. Second, as some low-severity con-
sumers who get proposed high treatment (rightly) leave the expert, an unnecessary search
friction is incurred by them. Third, and perhaps most interestingly, since a fraction of high-
severity consumers incorrectly reject the expert’s high-treatment proposal, ineffective low
treatments are wastefully bought, and also unnecessary search costs are incurred twice (as
these consumers ultimately return to the expert). The extreme informational asymmetry in
credence-goods markets, combined with expert market power, may thus cause disruptions
in consumers’ search behavior that have not been pointed out in the literature, with partly
severe welfare consequences. Two further welfare results pertain to our model: First, the
relative market performance is worst when there is an intermediate fraction of high-severity
consumers, such that the degree of asymmetric information between the expert and con-
sumers 1s large. Second, aggregate welfare is non-monotonic in search costs: while it is
often maximized for a negligible search friction, this reverts when the cost of high treatment
is large. In this case, a substantial search friction, negating the expert’s incentive to overtreat,
leads to an absolutely higher welfare.

In an extension, we also consider the effect of competition between N identical experts
on market outcomes. Strikingly, due to the assumed unobservability of expert prices before
consultation, equilibrium existence is not affected across large parts of the parameter space.
To start with, both the equilibrium where the expert always proposes appropriate treatment,
and the equilibrium where he always overtreats low-severity consumers, remain equilibria
even under expert competition (when all experts follow the monopoly strategy). This is
because for the considered expert strategies, no consumer can gain from visiting a second
expert (or, as before, from going to the fringe). We moreover show that the above-described
mixed-strategy equilibrium involving both expert and consumer randomization remains an
equilibrium if consumers’ search cost is not too low (or alternatively, if the incidence of high-
severity problems is sufficiently high) — otherwise, it pays off for consumers to visit a second
expert, destroying the proposed equilibrium. For somewhat lower levels of search costs such
that the original equilibrium cannot be supported, still a qualitatively similar equilibrium

exists: There, the experts’ equilibrium price for high treatments adjusts downward to avoid



direct competition between them. Since in our model with (before search) unobservable
prices competition does not necessarily improve welfare, this suggests that policy measures
aiming to induce expert entry could well prove fruitless.

The remainder of this paper is structured as follows. In the subsequent paragraph, we
discuss the related theoretical literature in detail. Section [2] introduces the model, while
Section [3] provides a full equilibrium characterization for the monopoly case. At the end
of this section, we also discuss the implications of expert competition. In Section ] we
shed light on the welfare distortions arising in the baseline model. Since search costs can
arguably be influenced, we also analyze which levels of search costs maximize aggregate
welfare. Some concluding remarks are given in Section [5| Technical proofs are relegated
to Appendix A. Finally, Appendix B provides a characterization of an equilibrium that is

omitted in the main text.

Related Literature. We contribute to an extensive literature studying experts’ incentives
to misuse private information, whereby a number of related papers have also examined
search frictions as potential driving force. Some early work has focused on experts’ incen-
tives to defraud consumers by charging for high-price services which are never conducted,
so-called overcharging, rather than to over- or undertreat. In Wolinsky (1993), multiple
experts post price menus for low and high treatment. These price menus can serve as com-
mitment device signaling that an expert will abstain from overcharging. Consumers observe
all price menus and engage in optimal sequential search. The author argues that for relatively
low search costs, the most plausible equilibrium involves vertical separation of experts who
then never overchargeE-I Wolinsky| (1995) varies his earlier work by letting consumers make
individual price offers to experts (among others). Consumers can visit up to two experts. In

equilibrium, experts either always overcharge or they do so with positive probability In

"For higher search costs, low-severity consumers are always overcharged. [Wolinsky| (1993) also briefly
describes a potential equilibrium in which low-severity consumers are only sometimes cheated upon and con-
sumers only sometimes accept high-treatment proposals, reminiscent of our semi-pooling equilibrium. How-
ever, the author considers this potential equilibrium to be fragile; it could only exist when there are few experts
in the market, although exact conditions for equilibrium existence are not provided.

2The result that cheating on consumers probabilistically can be an equilibrium strategy has already ap-
peared in [Pitchik and Schotter| (1987) for a monopolistic expert with exogenous prices. There, the expert
recommends a more profitable high treatment to consumers who have a minor problem with positive proba-
bility, which they sometimes reject and leave the market. This follows from the assumption that consumers’
expected utility would be negative should the expert cheat with certainty.



the latter case, consumers always inefficiently search a second expert when they cannot
obtain an inexpensive treatment immediately.

Pitchik and Schotter| (1993) study a model of expert competition with exogenous treat-
ment prices and consumers differing in search costs. In equilibrium, consumers search for
a low-price treatment an endogenously-determined maximum number of times, depending
on their search cost, and then settle for a high-price treatment. Increasing the measure of
consumers without search costs improves market performance. In our work, consumers are
homogeneous, while prices are determined endogenously and are only observed after expert
consultation. The impact of search costs on welfare is more nuanced, since, ceteris paribus,
higher search costs would decrease welfare — but they also give the expert(s) more market
power on low treatments, reducing the incentive to overtreat.

Pesendorfer and Wolinsky| (2003)) shift the focus by studying experts’ incentive to ex-
ert costly but unobservable diagnostic effort in a competitive search market. Consumers
only receive positive utility from an expert’s service if their correct condition is identified
and treated. In equilibrium, price competition and the possibility of consumers looking for
second opinions lead to low prices and an inefficiently low diagnostic effort, giving rise to
expert mistreatment. In this paper, mistreatment is not a profitable expert strategy due to
liability. We moreover rule out diagnosis costs as an incentive to recommend inadequate
treatments.

Similar to |Pesendorfer and Wolinsky| (2003)), but closer in spirit to our work, Dulleck
and Kerschbamer|(2009) also study a setting where experts need to perform costly diagnosis
in order to be able to correctly assess consumers’ needs. Experts set prices and diagnosis
fees. There are also discounters, which offer both high and low treatments but have no
diagnostic capabilities All treatments are verifiable but no liability is imposed, creating
the potential for over- and undertreatment. Consumers observe all posted prices and can
engage in costly search. The authors find that positive diagnosis fees lead to overtreatment
and cannot be part of an equilibrium. Instead, in equilibrium, experts’ markups are higher for
low treatments in order to induce them to indeed invest in costly diagnosis. No active search
takes place in equilibrium. There are several differences to our paper. As mentioned above,

we rule out diagnosis costs as a source of opportunistic behavior. Moreover, our model

13n contrast to this paper, discounters set prices strategically as well.



features unobservable prices, liability, and it gives rise to active search and overtreatment in
equilibrium.

The most closely related paper is Alger and Salanié|(2006)), which shares our core mech-
anism that limited market power on basic services may drive overtreatment. At least four
experts can diagnose a consumer’s problem at weakly positive diagnosis cost. Treatments
are (partly) verifiable. There are also non-strategic specialists who can only offer diagnosis
(whereas in this paper, the fringe firms do not have any diagnostic abilities) and conduct
low treatment. Different from our model, prices are observable. Moreover, experts face
diagnosis costs, which they may or may not pass on to consumers, while in our model, con-
sumers directly incur search (or transportation) costs. Depending on market fundamentals,
equilibria may involve honest and fraudulent behavior by experts, as well as specializa-
tion regarding the offered treatments. In fraudulent equilibria, diagnosis costs are relatively
large, so consumers immediately accept recommendations for high treatment, leading to
deterministic overtreatmentm Compared to their findings, our analysis shows that, when
explicit search frictions are present and expert prices are not observable before consultation,
substantial further inefficiencies may arise. In equilibrium, stochastic overtreatment can in-
duce consumers to reject expert recommendations and try out low treatments, only to later
return if their problem is not solved.

Another closely related contribution is Fong et al. (2014), which contrasts market out-
comes in a monopolistic expert market with observable prices, perfect and costless diagno-
sis, and no consumer commitment to take up the expert’s advice. In one scenario, the authors
assume that verifiability is intact but liability is violated, while in the other, the exact oppo-
site holds. Different from most concurrent models, the damage prevented from successful
treatment can differ between high- and low-severity consumers. For the verifiability setting,
Fong et al.| show that both deterministic and stochastic over- and undertreatment can occur
in the payoff-dominant equilibrium. The overtreatment equilibria are quite similar to our
pooling and semi-pooling equilibria, however, a profit-maximizing expert only chooses to

induce them (via his choice of prices) if the surplus created by appropriate high treatment

I41f diagnosis costs are lower, in the resulting specialization equilibrium consumers first visit an expert
offering only low treatment in order to learn about their severity and in case a high-severity problem is di-
agnosed, they visit an expert capable of fixing the major problem. We allow for similar search paths in our
model, although they do not occur in the equilibria we study.



(i.e., its damage prevention minus treatment cost) is higher than the surplus created by ap-
propriate low treatment. Since high treatment is more costly, this cannot occur when there is
just a single damage to be fixed, like in our paper and most of the literature. Their framework
also differs from ours because prices are observable, there is no liability (in the verifiability
setting), and there is no scope for search.

In a recent contribution, Fong et al.| (2018) study a dynamic model of trust building in
credence-goods markets. In an extension related to our work, they introduce competition
among experts, where consumers can engage in costly search for a second opinion. Then,
all high-severity problems are fixed with probability one, but minor problems are also un-
necessarily treated with positive probability. This induces consumers to sometimes leave
upon treatment recommendation and look for a conflicting opinion. Competition improves
welfare, while in our model inefficiencies are not necessarily alleviated by increasing the
number of experts. This indicates that unobservability of prices may have a severe impact
on inefficiencies in credence-goods markets.

Several other possible causes for overtreatment have been identified in the literature,
many of which stem from either expert or consumer heterogeneity or diagnosis-related is-
sues. For example, Hilger (2016) extends the model of Dulleck and Kerschbamer (2006)
by assuming there are two types of experts, with each type having a comparative advantage
for one treatment. In Liu et al.| (2020), some experts can only offer imprecise diagnoses@
In Bester and Dahm| (2018)), incentives to overtreat arise from the effectiveness of high
treatments even without a costly diagnosism Yet another explanation for overtreatment is

provided in Emons| (1997), where experts may have an incentive to fill up free capacities

15See also [Schneider and Bizer| (2017a), where experts differ in their diagnostic ability and can endoge-
nously choose diagnosis effort, and|Schneider and Bizer|(2017b), in which the authors vary the heterogeneous
experts’ diagnosis costs. An analysis of experts’ heterogeneity as cause for fraud can be found in |Liu| (201 1)
and [Heinzel (2019al), where some experts have social preferences, as well as in [Heinzel| (2019b)), where prices
are fixed, experts vary in their costs for low treatments, and consumers may search for second opinions. [Fong
(2005)) shows that heterogeneity of consumers’ valuations for receiving high treatments can lead to expert
cheating in equilibrium without price discrimination.

16The authors show that in their framework, inefficiencies can be eliminated by expanding the contract
space by either allowing up-front payments entailing equal markups over expected treatment costs or sepa-
rating diagnosis from treatment when no additional search costs arise. The result that expanding the contract
space can correct market outcomes is also shown in|Taylor|(1995).

Inefficiencies are largely eliminated if free market entry is given. See also [Emons| (2001), where a
credence-goods monopolist chooses capacity endogenously.

10



2 Model Setup

We consider the following setting. There is a unit mass of consumers (female) who each
have one of a number K > 1 of possible conditions k € K = {1,...,K}. For simplicity,
we assume that all of these conditions are equally likely ex-ante Each consumer requires
treatment of her specific, initially unknown condition k to obtain a gross surplus of v > 0. For
any given condition k, consumers have one of two different severiry grades x € X = {H,L},
high (x = H) and low (x = L). A consumer’s type is denoted by T = (k,x) € K x X. We
assume that without any market interaction, a consumer cannot infer her own type. It is
however common knowledge that irrespective of the specific condition k, a fraction o €
(0,1) of consumers with this condition are high-severity subtypes with x = H, while the
remaining fraction 1 — o are low-severity subtypes with x = L. As will be explained in more
detail below, through the market a consumer may undergo different treatments t = (k',x') €
KxX.

We say that a treatment ¢ is effective for any given consumer if it lets the consumer
enjoy the gross surplus of v when undergoing it, which always requires that the consumer’s
correct condition is treated: k' = k. An ineffective treatment (or no treatment at all) does not
generate any gross surplus for consumers. We assume that the only effective treatment for
any high subtypes (k, H) (with a severe form of their condition) is t = (k, H ). In contrast, an
effective treatment for any low subtypes (k,L) (with a mild form of their condition) is both
given by t = (k,L) and r = (k,H).

There is a monopolist expert service provider (called expert; male). We take the (strong)
assumption that once a consumer visits the expert, the latter can perfectly and costlessly
diagnose the consumer’s type T, such that provision of effective (and also appropriate; see
below) treatment will always be possible. This assumption ensures that any inefficiencies
arising in the market do not stem from erroneous or costly expert diagnosis.

For any given consumer arriving at the expert, the expert observes the consumer’s type
T, and, based on that, makes a committing proposal to provide some treatment ¢ at fee p.
We assume that the expert is fully /iable in the sense that if any ineffective treatment is pro-

posed and the consumer undergoes the treatment, the expert needs to fully compensate the

8This assumption does not drive any of our results and is mainly chosen for analytical convenience. In
particular, it allows us to provide sharp bounds for existence of the equilibria to be characterized.
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consumer by paying back the fee. Moreover, the expert can not later on alter his treatment
proposal.

For each treated condition X' € X, the expert incurs a marginal cost of ¢y < v when
carrying out high treatment, r = (k’, H), and a marginal cost of ¢, € (0,cy) when carrying
out low treatment, ¢ = (k’,L). This implies that when a consumer of type T = (k,x) accepts
treatment 1 = (k’,x’) for fee p, the expert’s payoff from this consumer is given by

—cy  ifk #k,ork =kandx' =L +#x

n((K,x); (k,x)) =
p—cy else.

Since the expert can provide effective treatment to low-severity consumers both when
choosing low treatment and high treatment, but low treatment is less costly, we say that a
treatment is appropriate if and only if t = 1.

Next to the expert, there are competitive fringe firms which each supply only the low
treatment for some specific condition k € X at marginal cost ¢z. This marginal cost is equal
to the expert’s marginal cost of providing low treatment. We assume that the competitive
fringe firms have no diagnostic ability, are not liable, and each sell a single treatment 7 =
(k,L) € K x {L} at fee ¢, if so requested by a consumer.

As final but crucial element, we assume that the consumers incur a search/travel cost
s € (0,v — cp) for every visit they make to a firm (be it to the expert or to any single fringe
firm), implying that recall is costlyP—_gI It should be noted that s does indeed constitute a
search (and not only) travel friction when visiting the expert for the first time, as no con-
sumer can observe the expert’s fee before visiting him and obtaining a treatment proposal.
The assumption that s < v — cy implies that the expert finds it strictly profitable to treat
high-severity consumers at price v — s@ and that from society’s perspective, high-severity
consumers should be treated by the expert.

We look for Perfect Bayesian equilibria (PBE with the following structure: (1) if a

consumer with type T = (k,H) visits the expert, she is always offered treatment t = (k,H )

9Hence, if, for example, a consumer were to first visit the expert, then reject the expert’s treatment proposal
and visit a fringe firm, but subsequently return to the expert to take up his initial offer, the total search cost
incurred would be 3s. Costly recall is however not necessary to drive our most interesting results (compare
with Footnote 7).

20 A5 will be shown in the equilibrium analysis below, the price v — s for high treatments is often an impor-
tant threshold, such that the assumption that v — s — cg > 0 helps to avoid cumbersome case distinctions.

21For ease of exposition, we will refer to a single Perfect Bayesian equilibrium as PBE and to several (or
an indefinite number of) Perfect Bayesian equilibria as PBEs.
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at price pj;; (2) if a consumer with type T = (k, L) visits the expert, she is offered treatment
t = (k,H) at price pj, with probability ¢, € [0, 1] and treatment ¢ = (k,L) at price p; with
probability 1 — gj;; (3) all consumers search and purchase optimally, given the proposed
expert equilibrium strategy, updating their beliefs (about their own type) according to Bayes’
rule whenever possible; (4) the consumers find it optimal to start their search at the expert,
rather than at any of the fringe firms or staying out of the market; (5) the expert’s strategy
is optimal, given consumers’ search behavior@ In what follows, we will refer to Perfect

Bayesian equilibria that satisfy conditions (1) to (5) as Expert PBESPEI

3 Equilibrium Analysis

Preliminaries. It may first be noted that given our assumptions that the expert (1) can
perfectly and costlessly observe each arriving consumer’s type, (2) is committed to carry
out any proposed treatment (if so desired by the respective consumer), (3) is fully liable,
and (4) cannot later on adapt his treatment proposals, it is a weakly dominated strategy for
him to propose ineffective treatments to (a positive measure of) consumers. This is because
by doing so, the expert can at best make zero profit with these consumers (if none of them
buy; otherwise, he makes a loss with these consumers), while he could guarantee to make
a non-negative profit with these consumers buy offering them effective treatment at a price
above the respective treatment cost.

In what follows, we want to avoid having to deal with (potential) equilibria in which
the expert plays such a weakly dominated strategy. Likewise, we want to bypass the tech-
nicalities stemming from having to rule out (implausible) consumer off-equilibrium beliefs
that put positive probability mass on the expert proposing ineffective treatment (playing a

weakly dominated strategy). We will therefore impose the following assumption.

22Throughout, we employ the following tie-breaking assumptions regarding consumers’ search behavior:
(1) If a consumer is indifferent between starting her search at the expert and staying out of the market (or
starting at a fringe firm), she searches the expert, (ii) if a consumer visits the expert and receives a treatment
recommendation such that continued search can never strictly improve her current payoff, she follows the
expert’s recommendation, and (iii) if a consumer has already obtained an offer from the expert, subsequently
searched the fringe, and is then indifferent between taking up the expert’s offer or leaving the market, she takes
up the offer.

Z3What is not reflected in this terminology (but still in the equilibrium description) is that we only consider
single-price-per-treatment equilibria in which all low (high) treatments are offered at the same price p; (pj)).
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Assumption 1. The expert may only propose effective treatments to any arriving consumer
(at a freely chosen price). That is, the expert may only propose t = (k,H) when a consumer’s
type is T = (k,H), while he may only propose t = (k,L) ort = (k,H) when a consumer’s
type is T = (k,L), for any k € X.

Assumption [I] greatly facilitates the exposition without eliminating any analytical in-
sights@ In particular, given this assumption, it is now clear that whenever the expert offers
some low treatment ¢t = (k,L) to a consumer, she can deduce that she has the low-severity
type T = (k,L) for sure. If instead the expert offers some high treatment r = (k,H) to a
consumer, she does not know whether she really suffers from a high-severity condition or
not, but at least she can deduce that she suffers from condition k for sure. To streamline the
notation, we will subsequently suppress the (necessarily correct) condition the expert offers
to treat for each arriving consumer: when we say that the expert offers low treatment ¢ = L
(high treatment = H) to a consumer, we mean that the expert offers t = (k,L) (t = (k,H))

to a consumer suffering from condition k € X.

General equilibrium properties.
O Equilibrium prices. Assumption [I] ensures that if the expert offers low treatment (to
low-severity consumers) with positive probability in any Expert PBE, the corresponding
equilibrium price must be p; = ¢, + s (where p; < v due to s <v—cg). This is because by
Assumption |1} the consumers always learn perfectly about their condition k and their (low)
severity when getting offered + = L. Hence, for p; > ¢ + s, the consumers getting offered
t = L would optimally leave and purchase at the respective fringe firm, such that it would
be profitable for the expert to reduce py to cg + s and stop these consumers from leaving.
Likewise, for p; < ¢z + s, the expert could profitably increase py, to ¢, + s, which would not
cause these consumers to leave.

Further, there exists no Expert PBE in which the expert offers high treatment at a price
pr <v—s. This is because, by increasing py to v — s for those consumers with x = H,

even if these consumers were to deterministically leave towards the corresponding fringe

2AMoreover, fixing consumers’ off-equilibrium beliefs (i.e., when, after an expert deviation, consumers still
put zero probability mass on the possibility that their condition differs from the one proposed to be treated by
the expert), all of the to-be-characterized Expert PBEs would still exist if Assumption [I] was relaxed. This
is because the expert would always lose money by deviating and offering ineffective treatment to (a positive
measure of) consumers.
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firms in response to this deviation, they would not receive effective treatments there (since
fringe firms can only treat x = L) and find it optimal to return to the expert, increasing his
profit. Hence, in any equilibrium, it must hold that pj; > v —s (where pj; — cy > 0 due to
py >v—sands <v—cpy).

Combining these two findings, a consumer that starts her search at the expert can, at best
(when always appropriate treatment is offered at the lowest possible equilibrium price), get
an expected surplus of o[y — (v—s)] + (1 —a)[v— (cp +5)] —s = (1 — ) (v—cr, —2s) | This
falls short of the consumer’s (outside) option of not engaging in any treatment for s > *>~,
implying that no Expert PBE can exist in this case. A crucial condition for the expert to be

active in equilibrium is therefore that consumers’ search cost is not too large. We summarize

these findings in the following lemma.

Lemma 1. Suppose that Assumption [l| holds. Then, in any Expert PBE, it must hold that

p; = cr+sand py; > v —s. An Expert PBE may only exist for

V—CL
< . 1
s<— (D

We assume in the remainder of this paper that Assumption [I]and inequality (I]) hold.

[1 Consumers’ optimal search behavior. Given the outlined setting, a candidate Expert
PBE may only exist if the consumers indeed find it optimal to first search the expert, thereby
perfectly learning about their conditions (and severity, if getting offered t = L) and optimally
proceeding from there. Denoting the expected consumer surplus in any such candidate Ex-
pert PBE by CSg, it thus clearly needs to hold that CSg > 0 in order for the consumers not
to prefer to stay out of the market.

As each condition is equally probable ex ante, the only alternative search strategy, given
CSg > 0, is to first search randomly through / € {1,...,K} fringe firms, buying low treat-
ments without diagnosis and only stopping when an effective treatment is found. If no
effective treatment is obtained from any of the / sampled fringe firms, the consumer then

either chooses to leave the market, or (if this yields a higher expected surplus) to visit the

ZNote that p; = ¢+ s exceeds the minimal possible expert equilibrium price pj,; for high treatment, that
is, v—s, for s > *5. This implies that for s > *5=, a consumer with x = L would prefer to receive high
treatment at the lowest possible expert equilibrium price pj; = v — s for high treatment over receiving low
treatment at the corresponding expert equilibrium price p; = ¢z +s. Given that high treatment is more costly

for the expert, it is clear that low-severity consumers could not hope for such a benevolent overtreatment.

15



expert, learn perfectly about her condition (but not necessarily, her severity) and proceed op-
timally from there. The associated expected consumer surplus of this strategy, also nesting

CSg = CS(0), is given by

_ I 1_ _
cs@y=""0, 3 I (1 _a K“)l) lcL+5)

K - K

) [
—|—max{%(v—p}}—s)+ (1 - ?) CSE7O}. (2)

Equation (2) can be understood as follows. The first term is the expected gross surplus a

(1—a)l

% an effec-

consumer makes from sampling (up to) / fringe firms, as with probability

tive treatment providing gross surplus v is found at one of these firms. The second and third
term give the expected cost of searching through the fringe firms. With probability I_T“, the

k’th fringe firm (k= 1,...,[) provides effective treatment, such that the total cost incurred is

(1—-o)!

k(cr +s) (second term). With probability 1 — 5

, none of the first / sampled fringe firms
provides effective treatment, such that the total cost incurred is [(cz + s) (third term). The
term in the second line gives the expected continuation value of (the better of) searching the
expert or leaving the market, conditional on that all / searched fringe firms have not provided
effective treatment. In this case, when searching the expert, the consumer knows that two
possibilities remain. First, with conditional probability %l, the expert will offer high treat-
ment for one of the conditions k = 1,.. .,/ that the consumer already tried to get fixed by one
of the sampled fringe firms (and failed). Then, the consumer would know that the offered
treatment is appropriate, and accept it for a continuation surplus (including the additional
search cost) of v — py; — s Second, with conditional probability 1 — %, the expert will of-
fer some treatment for one of the remaining conditions k = (I+1),...,K that the consumer
has not sampled so far, following his equilibrium strategy. But then, the consumer’s search
through the / fringe firms would not have provided any useful information, and her expected
continuation surplus would simply be CSg.

Since all terms apart from the two cost terms in the first line are linear in /, using that
Yio1 22k(cr+s) =2 (cL +s)lzT+l, it is easy to see that CS(!) is strictly convex in /. This

shows that only one of two search paths can be optimal from consumers’ point of view: It

26Note that at this point, the consumer would accept the expert’s offer, as the additionally incurred search
cost would already be sunk, and pz; < v.
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either has / = 0, for an expected surplus of CS(0) = CSg, or [ = K, for an expected surplus

of CS(K). Noting that v — pj; —s < 0 due to Lemma [} we can thus state the following.

Lemma 2. Any given candidate Expert PBE with associated consumer surplus CSg may

only exist if CSg > max{CSy,0}, where

1-— 1
o +o ) 3)

CSr=CS(K)=(1—-0)v—(cL+5) (T+TK

Clearly, the attractiveness of randomly searching through fringe firms and conducting
speculative minor treatments is low if the number of possible conditions one may suffer
from (K) is large. For K sufficiently large, Expert PBEs are therefore never jeopardized
by consumers wishing to start their search at fringe firms. Indeed, the equilibrium analysis
below reveals that in the considered setting, having three or more equally probable condi-
tions is always sufficient to deter consumers from doing this. It should moreover be stressed
that equal probabilities are not needed to drive this result: it is intuitive that consumers are
deterred from randomly searching through (a subset of) fringe firms if the most probable
condition is sufficiently unlikely. In our setting, if the most probable condition occurs with
a probability of less than one third, consumers are never willing to start their search at the

corresponding fringe firm (or any other). We now turn to the equilibrium characterization.

Existence of separating equilibria. We call an Expert Separating PBE an Expert PBE in
which g7; = 0, such that every consumer with x = L is offered t = L at price p; = ¢z + s by
the expert, while every consumer with x = H is offered t = H at some price pj; € [v—s,V]
by the expert (compare with Lemma [ above). Given the candidate equilibrium strategy, a
consumer visiting the expert and getting offered + = H at pj; would correctly deduce that
she has the high severity for sure, such that she would optimally buy (and of course, likewise
for a consumer getting offered r = L at p; = cr. + ).

Naturally, such a separating equilibrium with honest expert advice can only exist if the
expert has no incentive to fool low-severity consumers into thinking that they suffer from a
high-severity condition. This requires that the markup on high treatments, p;; —cy, does not
exceed the markup on low treatments, p; —cz, = s. Hence, it is necessary that pjy; < cy + .
This is only compatible with the general equilibrium result that p;; > v — s (see Lemma 1)

if s > *=#, such that consumers’ search friction needs to be sufficiently large. Intuitively,
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this is true since the search friction s directly influences the maximal markup the expert can
set for low treatments. If this is too small, the expert cannot be induced to always truthfully
reveal a low-severity condition to consumers.

As it turns out, for s > “=#, a continuum of Expert Separating PBEs exist, provided

that the number of conditions K is sufficiently large to make consumers willing to start their
search at the expert. All of these equilibria require that consumers’ off-equilibrium beliefs
when getting offered t = H at an off-equilibrium price py > pj; make them sufficiently op-
timistic about suffering from a low-severity condition, such that they would leave the expert
(and therefore, never return, as v — py; —s < 0 for p;; > v —s). However, it may be observed
that all putative Expert Separating PBEs that do not entail equal markups — and hence, by
the previous results, have pj; < cy + s — do not survive the well-known Intuitive Criterion
(Cho and Kreps| (1987)); IC in what follows) as equilibrium refinement. To see this, note that
such equilibria would require consumers to put sufficiently much probability on having low
severity after getting offered r = H at an off-equilibrium price py € (pj;, cu +5) — otherwise,
they would not leave towards the fringe in face of such a deviation, rendering it profitable.
Such off-equilibrium beliefs are implausible, however: as the expert can guarantee a profit
of s > py — cy with low-severity consumers by sticking to the equilibrium schedule, such a
deviation could only make sense for high-severity consumers.

Hence, the only candidate Expert Separating PBE that remains has p; = ¢, +s and
P = cu +s. But this can clearly only constitute an Expert PBE if consumers’ participation
constraint is not violated, which requires that CSy., = o(v — pj;) + (1 — ) (v — p;) —s >
0, that is, a < % If this holds and also K is sufficiently large, the candidate PBE
indeed exists if consumers’ off-equilibrium beliefs facing t = H at py > pj,; put sufficiently
much probability on suffering from a low-severity condition, such that they would optimally
leave towards the fringe. Letting these beliefs be denoted by uy (py), we thus need that
ur(pr)v—crL—s>v—py, thatis, ur(pg) > w Propositionprovides the formal

statement.
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Proposition 1. Suppose that s € [*1, %] and that K is sufficiently large.@ Then, for
o> Gs) = = ¢ [0, 1], no Expert PBE surviving IC exits. For o < G(s), there exists a

CH—CL

unique Expert Separating PBE surviving IC with the following structure:

e Each consumer with x = L that visits the expert gets offered t = L at price p] = c+s.

e Each consumer with x = H that visits the expert gets offered t = H at price py; =

cy +S.

e FEach consumer optimally starts her search at the expert and buys immediately when

receiving an equilibrium recommendation.

o When receiving an off-equilibrium treatment proposal t = H, pg > pj;, the con-

sumers’ off-equilibrium beliefs of having low severity, ur(pn), satis

u(pr) € (g, (pr), 1], 4)
where
py(pry) = EETE P (S, 5)
The expert’s equilibrium profit is Tsep = 5.
Proof. See Appendix A. [

A further remark on consumers’ off-equilibrium beliefs is due. Starting from the char-
acterized equilibrium but with unspecified off-equilibrium beliefs, no matter whether the
expert faces a high- or low-severity consumer, his incentive to deviate to an off-equilibrium
price py > pj,; is exactly the same: he either gains py — (cy + s), if the consumer still
takes up his recommendation, or loses s, if the consumer does not. It is thus, a priori,
unclear why consumers should put strictly more probability weight on suffering from a
low-severity condition than their prior probability 1 — o when facing such a deviation. If
we were to fix uz(py) = 1 — o for py > pj; following this argument, the set of param-
eter values supporting the equilibrium would further be restricted. Indeed, the condition

v+cL+S—PpH
v

ur(pg)=1—o> could then only be sustained for all py > pj; if o < <L,

27 And, by assumption, s < v — cy.

ZPrecisely, it needs to hold that K > K, = _2°°V+2°‘(Cl’ﬁ()l(;‘2§§+(3+a)s € (0,3). To see that K, , < 3, note
2(v—ch+tepts ; ; 3
that %Ksep = —W < 0, such that K, , (o) is largest for & = 0, with K, ,(0) = 157 < 3.

2Note that no restriction on consumers’ off-equilibrium beliefs for deviation prices py < pjy is needed.
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On the other hand, consumers updating their priors towards x = L when getting offered
t = H at pg > pj; can also be rationalized. Suppose, for example, that next to his own profit,
the expert also cares for consumers, in a lexicographic manner. Suppose, moreover, that he
believes that when deviating to py > pj;, a fraction of consumers would leave towards the
fringe. But then, compared to their equilibrium payoffs, leaving high-severity consumers
would be harmed, while leaving low-severity consumers would remain unaffected (the for-
mer would lose v— (cy + ) + (cr + ), while the latter would still obtain a net surplus of
v —cr — 2s, same as on the equilibrium path). Hence, if consumers think that the expert
also cares for them, they could consider a deviation price py > pj; as an indicator that they
suffer from a low-severity condition. Since this and other reasons are conceivable as to why
consumers may put more weight on suffering from a low-severity condition after getting
offered t = H at py > pj;, we will not impose any restrictions other than IC on consumers’

off-path beliefs throughout the analysis.

Existence of pooling equilibria. We call an Expert Pooling PBE an Expert PBE in which
q5; = 1, such that every consumer, irrespective of the severity of her condition, always gets
offered t = H at price pj; by the expert. From Lemma [I{ above, we already know that for
every such candidate equilibrium, it must hold that p;, > v —s. Further, potentially two sorts
of Expert Pooling PBE could exist.

The first is an Expert Pooling PBE where the consumers visit the expert and then, upon
getting offered the equilibrium proposal t = H for pj,;, buy immediately. Given py; > v —s,
it is clear that the only possible equilibrium of this sort has py; = v —s, as otherwise, the
consumers would not find it optimal to visit the expert in the first place.

The second sort of Expert Pooling PBE could have the consumers visiting the expert, and
then, upon getting offered the equilibrium proposal ¢t = H for pj; and thereby learning about
their condition, leaving towards the fringe (potentially returning to the expert if no effective
treatment is found at the fringe, and the expert’s price is sufficiently low). However, it is easy
to see that this second type of Expert Pooling PBE cannot exist: since no leaving consumer
with low severity would return to the expert, he would have a profitable deviation of offering

these consumers ¢t = L at p;, = ¢z + s and selling to them.
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We are thus left with the first equilibrium candidate with pj; = v — s and all consumers
taking up the expert’s equilibrium proposal. For this to be an equilibrium, the expert needs
to weakly prefer to treat low-severity consumers with t = H at price pj; = v — s than to treat
them appropriately with # = L at the maximal possible price p; = ¢z +s. This requires that
v—s—cy > (cL+s) —cg, thatis, s < *=*. Moreover, upon visiting the expert and receiving
the equilibrium treatment recommendation t = H at pj; = v — s, the consumers should not
want to leave towards the fringe. Since the expert’s pooling strategy does not reveal anything
about a consumer’s severity type, this requires that v— (v —s) > (I —a)v —cp — s@ such

that
cr+2s
v

o >Ts) =1 (6)

is necessary for this equilibrium to exist. As for the Expert Separating PBE discussed above,
equilibrium existence further requires that the number of conditions K consumers may suffer
from is not too small, and that their beliefs uy (pg) of suffering from a low-severity condi-
tion after getting offered + = H at an off-equilibrium price py > pj; must be sufficiently

optimistic. Proposition [2| summarizes our result.

Proposition 2. Suppose that s < %,E o> ﬁ(s),@ and that K is sufficiently large.ﬁ Then
there exists a unique Expert PBE (an Expert Pooling PBE) according to which:

e Each consumer that visits the expert gets offered t = H at a price pj; =v —s.

e FEach consumer optimally starts her search at the expert and buys immediately when

receiving the equilibrium recommendation.

3Note that given pj; = v —s, a consumer obtains zero continuation surplus from returning to the expert
after getting ineffective treatment at the fringe.

3For s = *—1, the outlined Expert Pooling PBE also exists, but is not the unique Expert PBE anymore: it
then coincides with the corresponding Expert Separating PBE of Proposition E}

2For o, = a(s), the outlined Expert Pooling PBE also exists, but it is not the unique Expert PBE anymore.
In this case, there is actually a continuum of Expert Pooling PBEs featuring the same expert pricing strategy,
which however differ in the frequency with which consumers accept high-treatment proposals. This frequency,
r, must satisfy r € [, 1].

BPrecisely, it needs to hold that K > K (1-0)(2v—s—cy)

pool = “Tra)e o)
which is implied by o > 0l(s), as is necessary to support the considered Expert

€ (0,3). To see that K ,,,; < 3, note that this

v—2cp—2s
vtepts

is equivalent to o >
Pooling PBE.
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o When receiving an off-equilibrium treatment proposal t = H, pg > pj;, the con-
sumers’ off-equilibrium beliefs of having low severity, ur(pg), satisf}@ ur(pm) €
(u, (pr), 1], where u, (pn) is specified in equation .

The expert’s equilibrium profit is Tpoo) =V — 5 — CH.
Proof. See Appendix A. O

If consumers’ search friction is not too large and the ex-ante probability of suffering
from a high-severity condition is high, we thus observe an extreme form of overtreatment in
the unique Expert PBE: the expert always proposes high treatment, and all consumers accept
this. Even though the consumers get informed precisely about their conditions through the
expert’s treatment proposal, they do not find it worthwhile to walk away and try their luck
by purchasing low treatment at the corresponding fringe firm: relative to the cost of doing
so, their success probability is too low.

Interestingly, the expert market does not break down despite the usual hold-up problem
in markets with unobservable prices and costly first search (Diamond|(1971)): this is because
the expert is disciplined by the need to truthfully disclose consumers’ conditions to make
profit and the existence of the competitive fringe. What is required for this, however, is
that the consumers become sufficiently optimistic to suffer from a low-severity condition
when getting offered an off-equilibrium price py > pj;. For oo = @(s), it is enough if their
beliefs of having x = L remain at the prior probability when facing such a deviation, but as o
increases, the updating of beliefs towards this must become increasingly drastic to support
the equilibrium. This suggests that the characterized Expert Pooling PBE is most plausible

to be played for not too high values of a.

Existence of semi-pooling equilibria: overview. We call an Expert Semi-pooling PBE an
Expert PBE in which ¢j; € (0, 1), such that low-severity consumers are sometimes offered
t =L at pj = ¢z + s and sometimes ¢ = H at some py; > v — s (compare with Lemma ).

High-severity consumers are always offered t = H at pj;. Given the candidate equilibrium

34 Again, no restriction on consumers’ off-equilibrium beliefs for deviation prices py < Dy is needed.
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strategy for yet unknown g, a consumer visiting the expert and getting offered ¢ = H at py,
would then reason via Bayes’ rule that her probability of having a low-severity condition is

1—
(1(_00% = u(prlan).- (7)

Pr{ix=L|t=H;py} =

In what follows, we will characterize the unique Expert Semi-pooling PBE for s < ~—5%,
which happens to be the unique Expert PBE whenever it exists. For s > *=# and o suf-
ficiently low, it turns out that a continuum of Expert Semi-pooling PBEs exist, next to the
unique Expert Separating PBE (surviving IC) of Proposition[I] These equilibria all give rise

to the same expected profit as the coexisting Expert Separating PBE, but generate lower total

welfare. We relegate a characterization of these equilibria to Appendix B.

Expert Semi-pooling PBE for s < Y51, We start by arguing that for s < *5, there
exists no Expert Semi-pooling PBE with pj; > v —s. Suppose to the contrary that this was
the case. Then, since in an Expert Semi-pooling PBE the expert randomizes whether to
offer t = L at price pj = c1 + s or to offer t = H at price pj; to low-severity consumers,
he must be indifferent between these two options when facing a low-severity consumer. As

Py —cH > p;—cL=sdueto pj; >v—sand s <~ this is only possible if just a fraction

of consumers buy when facing t = H at price pyj;.
Let the fraction of consumers who buy given ¢t = H and price pj; be denoted by r. Then,
the value of r that makes the expert indifferent between offering + = L at price p; = ¢+

and offering t = H at price pj; to low-severity consumers solves r(pj; —cy) = s, that is, it

s
(pg) = ——— € (0,1)? 8
i =m0 ®)

The above means that in the specified candidate equilibrium, a fraction 1 — r* of con-

is given by

sumers who are offered t = H at price pj; would have to leave the firm. Moreover, they
would clearly never return, as pj; > v —s. But this would be true for both low-severity and
high-severity consumers, such that the profit per high-severity consumer would also be given
by s. This cannot be an equilibrium, however, as by deviating and offering py =v—s < pj
to all high-severity consumers, all of these consumers would (eventually) buy at the expert

(as even if they all left towards the fringe in face of this deviation, no effective treatment

35Note that r*(pj;) < 1 since by assumption pj; >v—sand s < *52.
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could be obtained from the fringe, such that they would find it optimal to return to the ex-
pert). The profit per high-severity consumer would then increase to v —s — cy > s, rendering
the deviation profitable.

V—cCy

We can thus conclude that for s < =, the only possible Expert Semi-pooling PBE has

py = v — s and thereby, via equation (§),

=2 c(0,1). )
V—S—CH

Since in this candidate equilibrium, when getting offered + = H at price pj;, consumers
randomize between buying immediately from the expert and leaving towards the fringe, it
must hold that

v—(v—s)=Pr{x=L|t =H;p};}v—cL—>s.
Inserting Pr{x = L|r = H; p},} from equation (7) and solving for gp, this implies that in the
candidate equilibrium, we must have that

ocr +2s)
(1—o)(v—cp—2s)

qn (10)

Plugging back into ([7), we also obtain consumers’ updated beliefs of suffering from a
low-severity condition after getting offered = H at p;; = v — s in the candidate equilibrium:

they are given by

cr+2s

vy = uL(prlay) = — (11)

Note that g7; > 0 due to s < *5*. However, the candidate equilibrium is only well-defined

when ¢j; < 1, which implies that o0 < 1 — %2‘

= a(s) is necessary for equilibrium ex-
istence. As for the Expert Separating PBE and Expert Pooling PBE above, it is further
required that the number of conditions K is sufficiently large, such that the consumers wish
to start their search at the expert.

Lastly, consumers’ off-equilibrium beliefs when getting offered t = H at some py # py
again need to put sufficiently much weight on having a low-severity condition, such that
they would respond by leaving towards the fringe. Due to consumers’ on-path indifference
between going to the fringe and buying directly at the expert when getting offered t = H at

py = v — s, for deviations to some py > pj;, it is clearly sufficient that the consumers do

not start to put more weight on having the high-severity condition than on the equilibrium
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pathm For downward deviations, it likewise needs to hold that consumers’ beliefs of having
low-severity are sufficiently high. But this is very natural, as the expert can guarantee to
sell to high-severity consumers at the equilibrium price pj; (as even those consumers who
leave return to the expert), so the considered downward deviation is equilibrium-dominated
when facing high-severity consumers (but not when facing low-severity ones). Proposition

B3| provides our formal result.

Proposition 3. Suppose that s < "1, o, < Q(s) and that K is sufficiently large. Then

there exists a unique Expert PBE (an Expert Semi-pooling PBE) according to which
o Each consumer with x = H that visits the expert gets offeredt = H at price py; =v —s.

e Each consumer with x = L that visits the expert gets offered t = H at py; = v — s with
probability g3, € (0,1), while she gets offered t = L at p; = ¢, + s with probability

1 — g, where qj; is specified in (I0).

e Each consumer optimally starts her search at the expert. Then, on the equilibrium
path, a consumer’s optimal search and purchase behavior is as follows. When she
gets offered t = L at p] = cp + s, she buys immediately. When she gets offered t = H
at price py; = v —s, she buys with probability r* € (0, 1) and leaves towards the fringe
with probability 1 — r*, where r* is specified in (9). If, after getting offered t = H at
price py; = v —s, she leaves towards the fringe, but receives no effective treatment

there, she returns to buy from the expert.

o When receiving an off-equilibrium treatment proposal t = H, pg # pj;, the con-
sumers’ off-equilibrium beliefs of having low severity, ur(pg), satisf}@ ur(pm) €
(u, (pr); 1] for all py € (cu +5,ppy) U (P, v], where u, (pn) is specified in equation

).
The expert’s equilibrium profit is given by Tgep = (v —s —cp) + (1 — a)s.

Proof. See Appendix A. ]

3Hence, a sufficient condition on consumers’ off-equilibrium beliefs to make upward deviations unprof-
itable is that uz (pr) > pi = <52 for py > pjy.

3Precisely, it needs to hold that K > K,,, = 1 + (H(X)ZW € (1,3).

38No restriction on consumers’ off-equilibrium beliefs for deviation prices py < cy + s is needed.
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In the characterized Expert Semi-pooling PBE, the expert and consumers keep each
other in check: If the consumers bought for sure when getting offered t = H at pj,, the
expert would find it optimal to always recommend high treatment. But given this, since con-
sumers’ probability of suffering from a high-severity condition is now relatively low with
o < 0(s), they would find it optimal to walk aways towards the fringe. This cannot be part
of an equilibrium, however, as then the expert would like to retain low-severity consumers
by offering them low treatment. The only way to stabilize incentives is for both parties to
randomize: The expert overtreats low-severity consumers with positive probability, which
makes consumers, unknowing about the severity of their conditions, exactly indifferent be-
tween accepting a high-treatment recommendation and visiting the fringe. At the same time,
the fraction of consumers leaving towards the fringe after a high-treatment recommendation
is exactly such to make the expert indifferent between recommending low and high treatment
to low-severity consumers. A similar equilibrium configuration arises in Pitchik and Schot-
ter) (1987) with exogenous (and thereby, known) treatment prices. We show that a limitation
of expert market power due to competition from non-expert suppliers of low treatments can
yield this outcome even with endogenous and, before search, unobservable expert pricing.

We also want to stress that the showcased equilibrium features two characteristics that
are indeed observed in many real-world expert markets: experts sometimes propose and
carry out unnecessarily costly treatments, while consumers sometimes reject experts’ treat-
ment recommendations and try to fix their problems through different means, such as pur-
chasing spare parts from a discount store. Of course, this strategy sometimes fails, which
may then force consumers to return to the initially consulted expert. A detailed analysis of

the various inefficiencies occurring in the described equilibrium will be provided in Section

4l

Multiple Experts. We will briefly outline under which circumstances the Expert PBEs
from Propositions |1{ to |3| continue to exist when there are multiple experts in the market@

Suppose hence that there are N > 2 identical experts in the market. We assume that the

¥To simplify the exposition, we will not discuss any necessary restrictions on consumers’ out-of-
equilibrium beliefs in what follows. Throughout, it is sufficient if they satisfy the same conditions as in
Propositions [T| to [3] with the (natural) additional assumption that consumers’ off-equilibrium beliefs are pas-
sive with respect to not-yet-visited experts’ strategies.
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consumers randomize with equal probability which expert to visit first if it is optimal to visit
any expert, which is however inconsequential for the subsequent results. It is then immediate
that the Expert Separating PBE of Proposition[I]and the Expert Pooling PBE of Proposition
remain PBEs when N > 2 experts follow the respective expert equilibrium strategy for
N = 1. This is because, given these strategies, a consumer getting offered t = H at pj; at
the first visited expert can only lose when visiting any other expert, as she expects to receive
an identical offer with certainty. Likewise, there is clearly no reason to visit another expert
when getting offered t = L at pj = ¢z +s. Therefore, the experts are not constrained by each
other, and the equilibria for N = 1 remain equilibria for arbitrary N.

In contrast, equilibrium existence under expert competition is more subtle in the case of
the Expert Semi-pooling PBE of Proposition |3} Consider a candidate equilibrium in which
each expert follows the strategy outlined in this proposition. Moreover, same as in the
monopoly case, each consumer who gets offered t = H at pj; leaves towards the fringe with
probability 1 — r* (as specified in (9)), and returns to the same expert in case no effective
treatment is obtainedm Then, given the candidate expert strategies, we know from equation
(TT) that consumers’ updated beliefs of suffering from a low-severity condition when getting
offered t = H at pj; = v —s are i = ©E2 where pf < 1 — o due to o < 0(s). Therefore,
on the (candidate) equilibrium path, consumers become less optimistic about suffering from
a low-severity condition after getting offered high treatment. Moreover, by Assumption
[1} they get revealed their true condition (albeit not their severity) already through the first
treatment recommendation.

Yet, consumers might still find it optimal to visit another expert after getting offered

t = H at pj; by the first visited expert (rather than purchasing there or visiting the fringe{ﬂ),

upsetting the equilibrium. Noting that the first incurred search cost is sunk at this point,

400f course, given the assumed expert strategies, a consumer who has received ineffective treatment at the
fringe is actually indifferent between returning to her initial expert and visiting any other (or alternatively,
leaving the market). However, it is arguably her best (and definitely, safest) strategy to return to the first
consulted expert: he has already made a committing offer to treat her (high-severity) problem at pj; = v —s,
while there is a chance that another expert would try to exploit her by asking for a higher price (for example,
if he would find out about her search history). In any case, consumers’ on-path indifference which expert
to visit after an unsuccessful fringe treatment can be broken at will when considering existence of a specific
equilibrium (here, an equilibrium where all consumers return to the initially visited expert).

#Recall that consumers are indifferent between these two options by construction.
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and taking into account consumers’ updated beliefs, the expected immediate gain of visiting

another expert is

A= i (1—gjp) (v—eL—25) —s[7]
Since gy is strictly increasing in o, with limg_,g(5) gy = 1, it is clear that for o sufficiently
close to () (Where A is therefore close to —s), searching a second expert is not worthwhile.

Solving A = 0 for a, the exact lower bound on o to make searching a second expert not

worthwhile is given by
- (cp +25)?
ay(s)=1——--"7+
N(s) v(er +5)

Now, given the candidate equilibrium strategies, searching new experts clearly gets worse

< (s). (12)

and worse the more experts have already been sampled who have offered t = H at pj; (as
consumers become more and more pessimistic about suffering from a low-severity condi-
tion). It is hence immediate that the original Expert Semi-pooling PBE prevails if and only
if o0 > Gy (s). As G (s) is strictly decreasing in s, this condition gets relaxed as s increases
— and may even be satisfied for any value of o if s is sufficiently large (as then dy(s) < 0).
We have thus shown that also the Expert Semi-pooling PBE of Proposition [3| survives
expert competition, given that o (or s) is sufficiently large. Intuitively, for a close to o(s),
the candidate equilibrium strategy is such that experts almost always recommend high treat-
ment. Hence, even though it is optimal for consumers to visit one expert as this reveals
their condition (provided that K is sufficiently large), searching a second expert after hav-
ing received a high-treatment proposal is not. Similarly, for a large search cost s, experts’
propensity to overtreat, gj;, is large as well — while at the same time, accepting t = H at
Py = v — s entails a comparatively large surplus (of s), and searching on is costly.
Naturally, one may wonder whether a similar type of Expert Semi-pooling PBE sur-
viving expert competition can also be supported for oo < fy(s). Indeed, the answer is
often affirmative: provided that o (or s) is not too low, the experts can coordinate on an
equilibrium with lower high-treatment price pj;' € (cy +s,v —s) which still avoids direct
competition between themselves. Consider such a candidate equilibrium where every ex-

pert overtreats low-severity consumers with some probability ¢;; € (0, 1), proposing a price

“This is because, with posterior probability 4y, the consumer suffers from a low-severity condition, in
which case with probability 1 — gj;, the next visited expert will offer t = L at pj = ¢y +s. This would entail a
price saving of pj;, — pj = v — ¢z —2s. With remaining probability 1 — u; (1 —gj;), the same price pj; will be
offered, such that no pricing saving would be achieved. The cost of searching another expert is s.
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Py € (cu+s,v—s) such that also r* < 1 (compare with equation ). Then, consumers do
not find it worthwhile to visit a second expert after initially getting offered t = H at pj; if
and only if

1Py 19m ) (1 — g ) (pr — (cL+s)) —s <0, (13)

where uz(piflg3) = (1(_1;;% is the (on the candidate equilibrium path) posterior proba-
H

bility of suffering from a low-severity condition (compare with equation (7). Clearly, for
any given ¢qj;, the maximal price that satisfies , giving rise to the highest equilibrium
payoff, makes this condition binding.

The candidate equilibrium moreover requires that consumers are indifferent between
purchasing immediately and visiting the fringe after getting offered + = H at p;;. This

requires that

v (pylaw ) (pr —cL—$) + (1 —ur(p gy ) (—cL —25) =0, (14)

as with probability uy (p3/|g3; ), effective treatment at price ¢, is found at the fringe (giving
rise to a gain in surplus of pj; — ¢z —s), while with remaining probability 1 — uz.(pi;|g5/ ),
additional costs of ¢z + 2s are unnecessarily incurred. Simultaneously solving the binding
version of (13)) together with (I4), the (payoff-dominant) candidate equilibrium has

e OcL+s)

du = Q<CL—|-S>+S € (031> (15)

and
. (cL—|—2s)2
= —.
P = " 0) (e +9)

This candidate equilibrium indeed exists (under suitable off-equilibrium beliefs) if p;; €

(16)

(cy +s,v—s), which is equivalent to

+2s)? ) :
- (CH(JCFLZS)(SZ+S) =oy(s) <a< (XN(S). an

While we have thus shown that Expert Semi-pooling PBEs giving rise to equilibrium
overtreatment can often be sustained under expert competition, it also straightforward to see

that these equilibria are not unique. Consider, for example, an Expert Separating PBE with

43The equilibrium also exists for & = oy (s), where then p}; = cy +s. However, in this case, the experts
have no strict incentive to overtreat anymore, such that a payoff-equivalent Expert Separating PBE could
alternatively be played. For o. = @y(s), it holds that pj = v —s and ¢j; = ¢j;, hence there is a smooth
transition to the original Expert Semi-pooling PBE existing for a € [6y(s), ®(s)).
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p; =cr+s and pj; = cy + 5. Provided that deviation prices py > pj; make consumers suffi-
ciently optimistic to suffer from a low-severity condition such that they would leave towards
the fringe or another expert, such deviations would indeed not be profitable. This is because,
in contrast to the monopoly setting, even high-severity consumers would never return. Yet,
we conjecture that under expert competition, the just characterized Expert Semi-pooling
PBE for o € (ouy(s),0n/(s)), as well as the still existing original Expert Semi-pooling PBE
for o € [Oy(s),0(s)), constitute the payoff-dominant Expert PBEs, such that experts might

be prone to coordinate on them.

Summary of Equilibria. Figure[I|showcases the various equilibrium regions arising from
Propositions |I|to|3|in (s,0)-space, assuming that the number of conditions K is sufficiently
largelﬂ such that the characterized Expert PBEs exist. For s € [*5%, "] and o < Gi(ss), the
Expert Separating PBE of Proposition|l|is the unique Expert Separating PBE satisfying IC.

Moreover, we show in Appendix B that also a continuum of Expert Semi-pooling PBEs exist

for s € [*5*, "L ) and o < O(s), where Ti(s) < G(s). For s < *5%, the line 0i(s) divides the
parameter space into the region where the (pure) pooling equilibrium of Proposition [2|is the
unique Expert PBEiﬂ (for o > @(s)) and the region where the semi-pooling equilibrium of
Proposition 3] is the unique Expert PBE (for o < G(s)). The Expert PBEs of Propositions
and [2] also exist when N > 2 experts compete in the market, while the Expert Semi-pooling
PBE of Proposition[3|only exists if o0 > 6y (s). Still, for o € (ot (s), & (s)), a similar Expert
Semi-pooling PBE with pj}; € (cy +s,v—s) can be supported under competitionﬁ Finally,
for o > (), no Expert PBE surviving IC exists

Figure [2| considers a slightly different parameter combination, v =1, cg = 0.4, ¢ =
0. 1@ and showcases in (s, a)-space the minimum number of (equally probable) conditions

K that is necessary to support the unique Expert Pooling PBE, the unique Expert Semi-

4Recall that K > 3 is sufficient for this.

1t is also an equilibrium for s = szc” , although it then coexists with the corresponding Expert Separating
PBE of Proposition

460ne may wonder why an Expert Semi-pooling PBE involving overtreatment may exist even for s = 0
(as is evident from Figure [I] for o high). The reason is that, perhaps surprisingly, the experts’ propensities to
(attempt to) overtreat low-severity consumers in the considered equilibrium, g}/, tends to one as s goes to zero.
Because of this, visiting a second expert is not worthwhile for s = 0, even though it is free.

*"For 5 > =L, no Expert PBE exists at all, even ignoring IC (see Lemmall).

48 A very similar picture is obtained when considering the parameter combination employed for Figure
v=1,cg =0.4, c; =0.2. However, in this case, K > 2 is always sufficient to support the Expert Pooling PBE,

such that the red region above 0(s) (for s close below =) disappears.
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Figure 1: Depiction of the model’s equilibrium regions forv=1, cg =04, cz =0.2, K
sufficiently large.

pooling PBE for s < =, and the unique Expert Separating PBE surviving IC for s >
=% As is already known from Propositions to K > 3 is always sufficient to guarantee
existence of the respective Expert PBE. It can moreover be seen that the Expert Separating
PBE of Proposition [T] and the Expert Pooling PBE of Proposition 2] can even be supported
for a single condition in parts of the parameter space. In contrast, the Expert Semi-pooling

PBE of Proposition [3|requires at least two different conditions, K > 2.

4 Welfare

In this section, we will discuss the welfare distortions arising from the documented expert
overtreatment — and consumers’ induced search behavior — as well as how aggregate wel-
fare depends on the model parameter that seems most susceptible for policy intervention,
consumers’ search friction s.

For this, we may first note that given our parameter restriction of v —cy — s > 0, welfare

is maximized if and only if every consumer visits the expert, the expert offers appropriate
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Figure 2: Illustration of the minimum number of (equally probable) conditions K that is
necessary to support the Expert PBEs of Propositions[I|to[3] forv=1, cg = 0.4, ¢ = 0.1.

treatment to every arriving consumer, and every consumer takes up the expert’s offer. The

maximal welfare that can be achieved for any given parameter combination is thus
Wipax =v—ocyg — (1 —a)ep — s, (18)

which clearly coincides with the welfare that is achieved in the Expert Separating PBE of

Proposition It thus holds that for s relatively large (s € [*5%, “5*)) and a sufficiently low

(a0 < Gu(s)), no welfare distortion occurs in equilibriumﬁ In contrast, for any s < 5%, no

Expert Separating PBE exists, such that welfare distortions must necessarily arise. We start
by discussing the distortion arising in the (unique) Expert Pooling PBE for s < *5% and
o > 0(s) (compare with Proposition @), before turning to the most interesting distortions

that emerge in the (unique) Expert Semi-pooling PBE of Proposition 3]

“In what follows, we assume that the Expert Separating PBE is played when either the Expert Pooling
PBE of Propositionlélcoexists (for s = =% and o > @(s)) or the Expert Semi-pooling PBEs characterized in

Appendix B coexist (for s € [*5, *5%) and o < Q(s)).
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Welfare distortion in the Expert Pooling PBE. In the Expert Pooling PBE of Proposi-
tion 2] all consumers first visit the expert; all of them, irrespective of the severity of their
condition, get offered r = H at price p;; = v —s; and all of them immediately take up this
offer. Clearly, the consumers make zero surplus in this equilibrium, and total social welfare

is simply equal to the expert’s equilibrium profit, that is,

Whoot EV—S—CH@ (19)

Compared to the first best, we thus have a welfare loss of Wli(o’gsl =(1—0a)(cy—cL), as for the
mass 1 — o of consumers that only suffer from a low-severity condition, high treatment rather
than low treatment (at an excess cost of cg — ¢, per consumer) is inefficiently conducted.
Naturally, this welfare loss is larger the more consumers are inefficiently treated (the higher
1 — o) and the higher the additional cost ¢y — ¢y, per inefficient treatment. Consumers’ search
friction s does no affect the absolute level of welfare loss in this equilibrium, but it one-to-

one reduces the total welfare in the market, as it becomes more costly for the consumers to

visit the expert.

Welfare distortion in the Expert Semi-pooling PBE. In the Expert Semi-pooling PBE
of Proposition [3| all consumers first visit the expert; a fraction ¢, € (0, 1) of visiting low-
severity consumers inappropriately get offered t = H at pj; = v —s; a fraction r* € (0,1)
of consumers who get offered r = H accept this treatment, while a fraction 1 — r* try their
luck by buying low treatment from their relevant fringe firm; finally, those high-severity
consumers who have left the expert return to purchase from him.

It may hence be observed that three different types of welfare losses occur when the
Expert Semi-pooling PBE is played. First, a fraction gz;* of the mass 1 — o of low-severity
consumers get offered + = H and accept this offer. This amounts to a welfare loss of

ocp+2s) ( s

‘/V‘loss,lE 11—t r* i _
( Jair (en —ci) v—cr—2s \v—sS—cqg

sem

) (cw —cL), (20)

as the additional cost for high treatment, cy — ¢y, is wasted per served low-severity con-

sumer. Second, a fraction gj;(1 —r*) of the mass 1 — o of low-severity consumers get

>0This expression indeed equals the total surplus created in the market: for every consumer, a gross surplus
of v is created through effective treatment; the conducted high treatment costs cy per consumer, and each
consumer has to pay the search cost s to visit the expert.
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offered + = H and leave towards their relevant fringe firm, where these consumers indeed

get effective treatment of their condition. The resulting welfare loss is

2
Wen'? = (1= o)gpy (1 —r")s = po o2 (1_ : )S’ 1)

v—cr—2s V—S—CH
as an additional search cost s is unnecessarily incurred from society’s perspective. Third,
a fraction 1 — r* of high-severity consumers, who all get offered t = H by the expert, erro-
neously leave the expert towards a fringe firm; doing so, they buy ineffective treatment at
social cost ¢z, and, as they then return to the expert, a total additional search friction of 2s is

created. The welfare loss stemming from this group of consumers is therefore

Wioss3 = ai(1 — r*)(cp 4 25) = (1 — ) (cp+2s). (22)

V—S—cCH

Each of these individual welfare losses strictly increases in the fraction o of consumers
with a high-severity condition, and partly depends in a complex manner on the other model
parameters, in particular, on consumers’ search friction s. However, when aggregating the
three welfare losses, a surprisingly simple expression for the total loss of welfare in the
market emerges: it is given by

Wioss = o(ep +2s), (23)

sem —
which strictly increases in o, ¢z and s. Note that this total loss of welfare could alternatively
(and more easily) be obtained by first summing up the expert’s equilibrium profit 7, =

o(v—s—cg)+ (1 —0o)s and consumers’ aggregate surplus
CSsem=(1—0) (1 —qgp)(v—cr—2s) = (1 —)v—cp —2s (24)

in the given Expert Semi-pooling PBE, which directly gives the total social welfare in the

considered equilibrium:
Wsem = v —ocg —cr — s(1+20). (25)

Computing W5 — W, then shows that the welfare loss is indeed Wloss in the Expert Semi-

sem

pooling PBE.

Relative welfare. The model’s parameters, with the possible exception of s, are rather
“deep” consumer and technological parameters that can hardly be influenced by policymak-

ers — arguably, it is difficult to change the fraction of consumers suffering from high-severity
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conditions, or to reduce the costs of various treatments. Therefore, rather than studying the
welfare comparative statics with respect to these parameters, it seems most important to
analyze which market configurations are particularly prone to market failure, such that poli-
cymakers can appropriately respond by adapting the regulatory framework. For example, in
markets where large relative welfare losses seem likely, policymakers may want to separate
expert diagnosis from treatment, introduce regular expert inspections and fines for misbe-
havior, empower third-party quality certifiers, and so on.

As mentioned above, welfare losses only occur for s < % such that we will focus on
this parameter region. Compared to the maximal welfare W,,,, that could be achieved in the
market, the relative market performance is then given by W’¢! = Wpoot /Winax in the Expert

pool —
Pooling PBE for o > Gi(s), and by W/¢. = Wy,,;/Winax in the Expert Semi-pooling PBE for

o < 0(s). Examining these expressions, it is now straightforward to establish the following.

Proposition 4. Suppose that s < *5* such that there is a welfare distortion in the market.

Then, the attained welfare relative to the first best is non-monotonic in the fraction o of
high-severity consumers: it is strictly decreasing in . for o < Ol(s) and strictly increasing
in o for o > O(s), reaching its lowest level as a. 1 0(s). When transitioning from the Expert

Semi-pooling PBE to the Expert Pooling PBE, total social welfare discontinuously jumps
up.

Proof. See Appendix A. ]

Thus, particularly large relative welfare losses are to be expected when consumers face
high uncertainty regarding the severity of their conditions (o is intermediate). Intuitively,
for a close to zero, the expert almost always has to recommend the appropriate treatment
to low-severity consumers in equilibrium, as otherwise, they would find it optimal to leave
when getting recommended high treatment, which cannot be part of an equilibrium. This
means that for o low, the primary welfare loss stems from high-severity consumers inef-
ficiently leaving in face of an (appropriate) high-treatment recommendation, which, since
these consumers are scarce, is however negligible

As o increases, the consumers become less wary when getting offered high treatment,

such that the equilibrium frequency of overtreatment gj; increases. The net effect of this is

>INote that for s < *—* and o low, the consumers must mix between accepting and rejecting a high-
treatment recommendation in any Expert PBE.
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to increase the absolute welfare loss in the marketj?] decreasing the relative market perfor-
mance. This trend continues until for o close below 0(s), the expert almost always offers
inappropriate high treatment to low-severity consumers in equilibrium, which they accept
with a probability that is bounded away from one. When o then increases slightly more
to reach Q(s), the nature of equilibrium changes: the expert now always recommends high
treatment, and the consumers never reject the expert’s offer. This leads to a discontinuous
increase of welfare: this is because, from society’s perspective, even with sure overtreat-
ment, consumers should not search when getting offered high treatment by the expert for o
close below a((s).

Once the Expert Pooling PBE is played for oo > @(s), the absolute welfare level re-
mains constant in o, at v —cy — 5. Because the maximal attainable welfare decreases in
., the relative welfare performance then increases in o, giving rise to the documented non-
monotonicity of relative welfare. Ultimately, as o tends to one, equilibrium overtreatment
vanishes (as almost every consumer suffers from a high-severity condition anyway), such
that the maximal welfare is achieved again.

Figure 3| showcases a contour plot of the market’ relative welfare performance in (s,0)-
space for the interesting parameter range where s < ~—5% (with the other parameters set
tov=1, cg =04, cp =0.2). The darker an area in the plot, the lower is the welfare
achieved in the market, relative to the first-best outcome. It can clearly be seen that the
relative welfare performance is non-monotonic in a, first decreasing for o < 0(s) and then
increasing for o > @(s), jumping up at the boundary. For the considered parameters, we find
that the welfare performance is worst for o and s intermediatej?] with a major welfare loss

of around 45% in the most affected parameter region.

Total social welfare as a function of s. In some cases, policymakers — or certain other
market players — may have the possibility to influence consumers’ search cost parameter

s, at least to some extent. For example, a reduction of s could be achieved by facilitating

>2This is true even though from consumers’ perspective, they correctly reject high-treatment recommenda-
tions more often in equilibrium as ¢ increases.

S3However, it is easy to check numerically that also s = 0 or s &~ *5%, together with o/~ G(s), can lead to
the worst relative welfare performance, depending on v, ¢y and cf.
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Figure 3: Contour plot of the market’s relative welfare performance for v =1, cy = 0.4,

cr = 0.2, s <%, K sufficiently large.

consumers’ access to industry information (e.g., by creating online business directories such
as electronic ”Yellow Pages”™).

Acknowledging this possibility, we will conclude our welfare discussion by analyzing
how the total social welfare in the market is influenced by changes in s. Using the above
results on total social welfare in the different equilibrium regions (see equations (I8), (I9)
and (23)), we may observe that welfare is always strictly decreasing within each equilibrium
region. Interestingly, however, total social welfare discontinuously jumps up when an in-
crease in s leads to a transition from the Expert Semi-pooling PBE of Proposition [3] to the
Expert Pooling PBE of Proposition@,ls_zl or, no matter which of these two equilibria is played

v—cCcy

before, when s reaches the critical threshold =+ such that the Expert Separating PBE is

played — compare also with Figures [[|and [3above.

4The critical value of s where this happens can be found by rearranging the inequality o > @(s) for s,

which gives s > %
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These observations imply that for any given combination of parameters (v,cy,cr,Q),
only three values of s can be potential maximizers of total social welfare: s = 0, such that
there is no search friction in the market, and either the Expert Pooling PBE of Proposition
or the Expert Semi-pooling PBE of Proposition [3|is played; s = =%, which is the low-
est search cost for which the Expert Separating PBE of Proposition [I| without any welfare
distortion is played; and finally, provided that o € (4%, 1 — <L), it may also be given by
s = % € (0,%%), which is then the unique, interior value of s where the Expert
Semi-pooling PBE of Proposition [3| transitions to the Expert Pooling PBE Proposition

with an upward jump of welfare. The respective welfare comparison then yields the follow-

ing proposition.

Proposition 5. Fix any v > 0 and c; € (0,v) and let

V—Cr,
= 26
v+ 2cr, (26)
3v+4cr — \/9\/2 —24vey + 64c2
O = 27
SCL
o3 = 0(0) = 1—%, (28)
where 0 < 0] < Oy < 03 < 1, as well as
ch(o) =v—20c (29)
3c—(1—o)v
2 _ L
et R Sl 30
(%) ="50 "o (30)
3, . w4+ (3—-2a)cr
o) = 31
cp () 390 (31
o)== ——F—"—. 32
cp(a) 390 (32)

Then, for a. small, a. € (0,0, total social welfare is maximized for s =0 if cy < c}i(oc), and
fors ="S ifcy > cpy ().

For o. moderately low, o. € (0,0], total social welfare is maximized for s = % if
cu < (), for s =0 if cy € [ (), c}y ()], and for s = *S2 if ey > cfy(a).

For oo moderately high, o € [0, 03), total social welfare is maximized for s = (=ojv—cy if
ey < (), and for s = *SH if ey > iy (a).

Finally, for o large, o. > a3, total social welfare is maximized for s =0 if cy < c4H(OL), and

fors ="t ifcy > (o).
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Proof. See Appendix A. O

Figure [ illustrates Proposition [5] graphically. In particular, it may be noted that for
the showcased parameters (v = 1 and ¢, = 0.2), a substantial part of the depicted (o, cp)-
space has s = 0 as welfare-maximizing search cost. This is no coincidence: Proposition [3]
establishes that whenever o0 < oy or o > a3, it is sufficient that the cost of high treatment
cy is not too large (cy < c}q(oc) in the former case and cy < cj,‘i(oc) in the latter) for s = 0 to
be welfare-maximizing. Economically, this is the case because, for o close to zero or one,
there are almost no welfare distortions in the corresponding Expert PBE (as established in
the discussion of relative welfare above). But then, the total welfare in the market is close to

the maximal welfare of Wy, = v — acy — (1 —a)cz — s, which is clearly highest for s = 0.

C
1.0m

0.8

0.6

0.4

980 0.2 0.4 06 08 1.8

Figure 4: llustration of the regions in (o, cy)-space where the different values of the search

. - . l_a —
cost s are welfare-maximizing, given v =1 and ¢y = 0.2. Blue: s = 0; orange: s = #;

red: s = ** is welfare-maximizing.

On the other hand, it may be seen from Proposition [5] that for any combination of pa-
rameters (v,cr), there is a range of high-severity probabilities o such that s = 0 is either
never optimal (for a € (0, 03)), or only optimal for intermediate costs of high treatment

(for o € (auy, 0p], where it is required that cy € [c%,c};]). Moreover, irrespective of o, mini-
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mizing the search cost is never welfare-maximizing when the cost of high treatment is very
large relative to consumers’ valuation, as then the optimal search cost is given by the mini-
mal level which gives rise to the Expert Separating PBE of Proposition[I] In particular the
latter is economically intuitive: When cy 1s large — that is, close to v — the minimal search
cost required for the Expert Separating PBE without any welfare distortion to be played,

s = *1, is low. But then, it is better from society’s point of view when this equilibrium is

played at small but positive search cost, rather than the Expert Semi-pooling PBE or Expert

Pooling PBE at zero search cost, but with a significant welfare distortion.

5 Conclusion

In markets for expert service, such as for medical treatments and technical repairs, experts
often face incentives to use their superior information on clients’ needs at the latter’s detri-
ment. A common problem is overtreatment, the prescription of unnecessarily costly treat-
ments. An important channel driving this inefficiency are search frictions, which make it
costly for consumers to find out about appropriate treatments for their problems, and to
compare different offerings.

In this paper, we point out a non-trivial and so-far overlooked interaction between search
frictions and experts’ incentives to carry out proper treatment. In particular, our model fea-
tures a monopolistic expert with perfect diagnostic ability that has full market power on
costly high treatments, but limited market power on low treatments due to the presence of
competitively-priced (fringe) discount stores. The expert is liable for ineffective treatment,
while the fringe firms are not. Consumers need to engage in costly search to find out about
the expert’s treatment recommendation and price, or to try out the fringe firms’ offers. A
higher search friction — which is, per se, not desirable — now also gives the expert a higher
market power on low treatments, conditional on being visited. This partly corrects his in-
centive to fool consumers into purchasing unnecessarily costly high treatment, rendering the
overall impact of search costs on market outcomes ambiguous.

We find that, provided that the expert’s diagnostic ability is sufficiently valuable to make
consumers willing to visit him first, various qualitatively different market outcomes can

emerge. For a relatively large search friction, the expert’s market power on low treatments
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is large, such that he has no incentive to overtreat consumers. For low to moderate search
costs, however, no equilibrium where the expert always recommends appropriate treatment
exists, and he either sometimes or always attempts (and succeeds) to overtreat arriving con-
sumers. In the most interesting (and robust) equilibrium, the expert inappropriately offers
high treatment with positive probability to low-severity consumers, while consumers disci-
pline the expert by only sometimes accepting high-treatment proposals. This induces various
inefficiencies: some low-severity consumers accept unnecessary high treatment; some low-
severity consumers incur an extra search cost obtaining effective treatment from a discount
firm; and some high-severity consumers buy ineffective low treatment and incur an addi-
tional search friction twice after rejecting the expert’s treatment proposal. Hence, expert
market power on high treatments, combined with consumer search frictions, may lead to
severe market distortions.

Interestingly, given the assumed unobservability of expert prices before consultation, the
described inefficiencies do not necessarily disappear when multiple experts compete in the
market. Indeed, even with an arbitrarily large numbers of experts, the above mixed-strategy
equilibrium prevails if consumers’ probability of suffering from a high-severity condition
is sufficiently large. This is because, by the experts’ corresponding high propensities to
recommend high treatment to low-severity consumers, consumers never find it worthwhile
to visit a second expert, essentially shielding experts from competition between themselves.
One implication is that promoting expert entry may not be sufficient to mitigate inefficient
opportunistic behavior in expert markets — rather, structural reforms, such as the separation
of expert diagnosis and treatment, or the introduction of third-party monitoring, may be
necessary. This is particularly true when consumers find it difficult and costly to compare

different experts’ offerings, as is the case in many real markets.

References

Ingela Alger and Francois Salanié. A theory of fraud and overtreatment in experts markets.

Journal of Economics & Management Strategy, 15(4):853-881, 2006.

Loukas Balafoutas and Rudolf Kerschbamer. Credence goods in the literature: What the past

fifteen years have taught us about fraud, incentives, and the role of institutions. Journal

41



of Behavioral and Experimental Finance, 26:1-16, 2020.

Loukas Balafoutas, Adrian Beck, Rudolf Kerschbamer, and Matthias Sutter. What Drives
Taxi Drivers? A Field Experiment on Fraud in a Market for Credence Goods. Review of

Economic Studies, 80:876-891, 2013.

Helmut Bester and Matthias Dahm. Credence goods, costly diagnosis and subjective evalu-

ation. The Economic Journal, 128(611):1367-1394, 2018.

In-Koo Cho and David M. Kreps. Signaling Games and Stable Equilibria. The Quarterly
Journal of Economics, 102(2):179-221, 1987.

Jeffrey Clemens and Joshua D. Gottlieb. Do Physicians’ Financial Incentives Affect Medical
Treatment and Patient Health? American Economic Review, 104(4):1320-1349, 2014.

Michael R. Darby and Edi Karni. Free Competition and the Optimal Amount of Fraud.
Journal of Law and Economics, 16(1):67-88, 1973.

Peter A. Diamond. A Model of Price Adjustment. Journal of Economic Theory, 3(2):156—
168, 1971.

Uwe Dulleck and Rudolf Kerschbamer. On Doctors, Mechanics, and Computer Specialists:

The Economics of Credence Goods. Journal of Economic Literature, 44:5-42, 2006.

Uwe Dulleck and Rudolf Kerschbamer. Experts vs. discounters: Consumer free-riding and
experts withholding advice in markets for credence goods. International Journal of In-

dustrial Organization, 27(1):15-23, 2009.

Winand Emons. Credence goods and fraudulent experts. The RAND Journal of Economics,

28(1):107-119, 1997.

Winand Emons. Credence goods monopolists. International Journal of Industrial Organi-

zation, 19(3-4):375-389, 2001.

Yuk-fai Fong. When do experts cheat and whom do they target? The RAND Journal of
Economics, 36(1):113-130, 2005.

42



Yuk-fai Fong, Ting Liu, and Donald J. Wright. On the role of verifiability and commitment
in credence goods markets. [International Journal of Industrial Organization, 37:118—

129, 2014.

Yuk-Fai Fong, Ting Liu, and Xiaoxuan Meng. Trust Building in Credence Goods Markets.
Available at SSRN 3029721, 2018. URL jhttps://papers.ssrn.com/sol3/papers.
cfm?abstract 1d=3029721.

Felix Gottschalk, Wanda Mimra, and Christian Waibel. Health Services as Credence Goods:
A Field Experiment. The Economic Journal, forthcoming, 2020. URL https://doi.
0rg/10.1093/ej/ueaal24.

Joachim Heinzel. Credence Goods Markets with Fair and Opportunistic Experts. Working
Papers CIE 119, Paderborn University, CIE Center for International Economics, 2019a.

URL https://EconPapers.repec.org/RePEc:pdn:ciepap:119.

Joachim Heinzel. Credence Goods Markets with Heterogeneous Experts. Working Papers
CIE 118, Paderborn University, CIE Center for International Economics, 2019b. URL

https://ideas.repec.org/p/pdn/ciepap/118.html.

Nathaniel G. Hilger. Why Don’t People Trust Experts? Journal of Law and Economics, 59:
293-311, 2016.

Steffen Huck, Gabriele Liinser, Florian Spitzer, and Jean-Robert Tyran. Medical insurance
and free choice of physician shape patient overtreatment: A laboratory experiment. Jour-

nal of Economic Behavior and Organization, 131:78-105, 2016.

Roman Inderst and Marco Ottaviani. Competition through Commissions and Kickbacks.

American Economic Review, 102(2):780-809, 2012.

Rudolf Kerschbamer and Matthias Sutter. The Economics of Credence Goods — a Survey of

Recent Lab and Field Experiments. CESifo Economic Studies, 63(1):1-23, 2017.

Rudolf Kerschbamer, Daniel Neururer, and Matthias Sutter. Credence goods markets and
the informational value of new media: A natural field experiment. Working Papers in Eco-
nomics and Statistics, February 2019. URL https://www2.uibk.ac.at/downloads/

c4041030/wpaper/2019-02.pdf.

43


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3029721
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3029721
https://doi.org/10.1093/ej/ueaa024
https://doi.org/10.1093/ej/ueaa024
https://EconPapers.repec.org/RePEc:pdn:ciepap:119
https://ideas.repec.org/p/pdn/ciepap/118.html
https://www2.uibk.ac.at/downloads/c4041030/wpaper/2019-02.pdf
https://www2.uibk.ac.at/downloads/c4041030/wpaper/2019-02.pdf

Fang Liu, Alexander Rasch, Marco A. Schwarz, and Christian Waibel. The role of diag-
nostic ability in markets for expert services. Working Papers in Economics and Statis-
tics, July 2020. URL https://www2.uibk.ac.at/downloads/c4041030/wpaper/
2020-07.pdfl

Ting Liu. Credence goods markets with conscientious and selfish experts. [International

Economic Review, 52(1):227-244, 2011.

Wolfgang Pesendorfer and Asher Wolinsky. Second Opinions and Price Competition: Inef-
ficiency in the Market for Expert Advice. Review of Economic Studies, 70(2):417-437,
2003.

Carolyn Pitchik and Andrew Schotter. Honesty in a Model of Strategic Information Trans-
mission. American Economic Review, 77(5):1032-1036, 1987.

Carolyn Pitchik and Andrew Schotter. Information transmission in regulated markets. Cana-

dian Journal of Economics, 26(4):815-829, 1993.

Alexander Rasch and Christian Waibel. What Drives Fraud in a Credence Goods Market?
— Evidence from a Field Study. Oxford Bulletin of Economics and Statistics, 80(3):605—
624, 2018.

Tim Schneider and Kilian Bizer. Effects of Qualification in Expert Markets with Price Com-
petition and Endogenous Verifiability. CEGE Discussion Papers, Number 317, 2017a.
URL https://www.econstor.eu/bitstream/10419/162941/1/894287524 .pdf.

Tim Schneider and Kilian Bizer. Expert Qualification in Markets for Expert Services: A
Sisyphean Task? CEGE Discussion Papers, Number 323, 2017b. URL https://www.
econstor.eu/bitstream/10419/169391/1/898796636.pdf.

Curtis R. Taylor. The Economics of Breakdowns, Checkups, and Cures. Journal of Political

Economy, 103(1):53-74, 1995.

Asher Wolinsky. Competition in a market for informed experts’ services. The RAND Journal

of Economics, 24(3):380-398, 1993.

44


https://www2.uibk.ac.at/downloads/c4041030/wpaper/2020-07.pdf
https://www2.uibk.ac.at/downloads/c4041030/wpaper/2020-07.pdf
https://www.econstor.eu/bitstream/10419/162941/1/894287524.pdf
https://www.econstor.eu/bitstream/10419/169391/1/898796636.pdf
https://www.econstor.eu/bitstream/10419/169391/1/898796636.pdf

Asher Wolinsky. Competition in Markets for Credence Goods. Journal of Institutional and

Theoretical Economics, 151(1):117-131, 1995.

Appendix A: Technical Proofs

Proof of Proposition[l} Existence (non-existence) of the characterized Expert Separating
PBE for a0 < @(s) (o0 > G(s)) follows almost immediately from the discussion preceding
the proposition. The precise condition on K provided in Footnote [28|is obtained by apply-
ing Lemma [2] and rearranging the condition CS., > CSy for K, where CSyep = v — 25 —
ocy — (I —a)cp. That no condition on consumers’ off-equilibrium beliefs for deviation
prices pg < pj; needs to be imposed (see Footnote is obvious, as the expert already sells
for sure when offering t = H at pj;. It remains to show that no other type of Expert PBE can
exist for o > Gi(s) (which requires that s > *=%). This stems from the facts that (i) no Ex-
pert Pooling PBE can exist for s > *=# (see the argument before Proposition 2) and (ii) no
Expert Semi-pooling PBE can exist for o > 0l(ss) (see the argument before Proposition and

the proof of Proposition@in Appendix B), which is implied by o > &(s) and s < 5%, [

Proof of Proposition[2] Again, existence of the characterized Expert Pooling PBE follows
almost immediately from the discussion preceding the proposition. The precise condition on
K provided in Footnote |33|is obtained by applying Lemma [2{ and rearranging the condition
CS oot = 0> CSy for K. The condition on consumers’ off-equilibrium beliefs for py > pj;
comes from the same consideration as for existence of the Expert Separating PBE of Propo-
sition [I] see the discussion preceding it. That no condition on consumers’ off-equilibrium
beliefs for deviation prices pg < pj; needs to be imposed (see Footnote is again obvious,
as the expert already sells for sure when offering t = H at pj,;. It remains to show that no
other type of Expert PBE can exist for s < = and o > @(s). This stems from the facts that
(i) no Expert Separating PBE can exist for s < *=* (see the argument before Proposition
and (ii) no Expert Semi-pooling PBE can exist for o > 0(s) and s < *5* (see the arguments

before Proposition [3)). O

Proof of Proposition[3] Once more, existence of the characterized Expert Semi-pooling PBE
follows almost immediately from the discussion preceding the proposition. The precise con-

dition on K provided in Footnote [37]is obtained by applying Lemma [2] and rearranging the
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condition CSyen > CSy for K, where CSgem = (1 —qf;) (1 —0)(v—c —25) = (1 —o)v —cp, —
2s. The condition on consumers’ off-equilibrium beliefs for py # pj;, py > cy + s comes
from the same consideration as for existence of the Expert Separating PBE of Proposition
see the discussion preceding it. That no condition on consumers’ off-equilibrium beliefs
for deviation prices py < cy + s needs to be imposed (see Footnote [38)) follows from the
fact that even if all consumers bough for sure when facing such a deviation price, the expert
could not increase his profit. It remains to show that no other type of Expert PBE can exist
for s < 5% and o < ®(s). This stems from the facts that (i) no Expert Separating PBE can
exist for s < 5 (see the argument before Proposition |1)) and (ii) no Expert Pooling PBE

can exist for o < 0(s) (see the argument before Proposition [2)). O

Proof of Proposition 4] The comparative-statics results are trivial to obtain via direct inspec-

tion or differentiation. At the boundary between the two equilibria, it holds that oo = 0i(s) =

1— @ Hence, the absolute welfare loss in the Expert Pooling PBE at the boundary

is Wligffl (@(s)) = (1 —as))(cyg — cr), while the absolute welfare loss in the Expert Semi-

pooling PBE at the boundary is W/95(@(s)) = G(s)(cz + 2s). The latter is indeed strictly

sem

larger, giving rise to the outlined discontinuity, if and only if

cr+2s - CH —CL
% cyg+2s

a(s) =1

The LHS of the above inequality strictly increases in v, such that the inequality is hardest to

satisfy for v low. Since in the considered parameter region it holds that s < *5%, a lower

bound for v is v = ¢y + 2s. The inequality thus certainly holds if 1 — .32 ) > EZ 5
v=cy+2s
which is true. ]

Proof of Proposition[5] From the argument in the main text, we know that there are only

three possible values of s that may maximize social welfare: s; =0, s3 = V_ZCH , and, for

_ I—o)v—
Oce(—CHVCL,Oc3),alsoszz—( Ogv ‘L

€ (s1,s53). If, for s = 0, the Expert Semi-pooling PBE is
played (which requires that o < o3), the corresponding welfare is Wy, (s1) = v —0Ocy — ¢
In contrast, if, for s = 0, the Expert Pooling PBE is played (which requires that o > 03), the
corresponding welfare is Wp(,,,l(sl) = v —cpy. For s = s3, the welfare in the corresponding
Expert Separating PBE is

V—cy

Wsep(s3) :V_aCH_(l—(X)CL— >
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Finally, for o € (=L, 0,3) and s = s, the welfare in the corresponding Expert Pooling PBE
is
(I—o)v—cp

5 .

Consider now first the simpler cases where (a) o0 € (0, =<t] and (b) o € [0(3,1). For (a),

Wpool(SZ) =V—CH—

v—cy

where the Expert Semi-pooling PBE is played for all s € [0, =), we only need to compare

Wiem(s1) with Wy, (s3). Rearranging Wep, (s1) > Wiep(s3) for cp, it is then easy to check

that this is satisfied if and only if cy < c};(at), with ¢}, (o) as specified in the proposition.

Next, for (b), where the Expert Pooling PBE is played for all s € [0, %), we only need

to compare Wy, (s1) with Wy, (s3). Rearranging Wy, (s1) > Wiep(s3) for cp, it is again
easy to check that this is satisfied if and only if cy < cf (@), with cf;(ar) as specified in the
proposition.

In the more nuanced intermediate case (c¢) where o € (@, 03), all of s, 5o and s3
may potentially maximize social welfare. First, for optimality of sj, it is required that
Wiem(51) = Wpoot(52) and Wyem(s1) > Wiep(s3). Rearranging these conditions for ¢y, it is

straightforward to find that they are equivalent to cy € [c2;(at),ch,(at)], with cZ,(ct) as speci-

v—C_Cr

fied in the proposition. Note now that for o < e

ol1, this is automatically satisfied, as
then cy > cf;(a) due to ¢ () < ¢z, while ey < cfj(at) is implied by o > <=L (that s, by
cn < 0w+ cr). Note next that the condition ¢y € [c2(at), ¢l (at)] can clearly only be satisfied

if ¢}, (o) > c% (o), which reduces to the following quadratic inequality in o

3v 3v 3

— 2

o)=a"—o|—+1 ———1>0. 33

f( ) (4CL + ) + (4CL 4) B (33)
Since f(a) is strictly convex, f(1) = —% < 0 and limg_,. = oo, it can be concluded that

a should not exceed the lower root of f(c) in order for c};(t) > 2 (c) to hold. Hence, we

need that
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with oy as specified in the proposition. Straightforward (but somewhat tedious) algebra
further reveals that o, € (o, a3) forall v > ¢ > Oﬁ Combining the parameter regions (a),
(b), (c) and sorting by o and cy, we thus find that the search cost s; = 0 is optimal if and
only if & € (0,01] and cyy < ¢}, (at), or o0 € (01, 02] and ey € [c% (), chy ()], or & > 03 and
cy < C?{(OC)-

Second, optimality of s, requires that W,o;(52) > Wien(s1) and Wyopi(52) > Weep(s3),
which is equivalent to ¢y < min{c%(a),c3 (o)}, with ¢3;() as specified in the proposi-
tion. Since ¢ < cp, this condition can only be satisfied for ¢ < cyg < c%,(oc), which, after

rearranging for o, gives the condition

V—cCr,
= 0.

o> =
v+ 2cy,

Moreover, it may be checked that ¢Z(ct) < c3,(c) can be reduced to the same quadratic in-
equality in ot as given in . By the above argument, it therefore holds that min{c% (a), ¢, (o) } =
¢} (o) for o < o and min{c% (at),c3; ()} = 3, () for o > 0tp. Summing up, the search

cost s is therefore optimal if and only if o € (01, 02] and ey < ¢ (@), or o € (02, 03) and

cn < o3y (o).

Third, optimality of s3 requires that Wy, (s3) > Wiem(s1) and Wiep(53) > Wpoor(s2),
which is equivalent to cy > max{cj, (), c3,(ct)}. As in the above cases, it can once more be
checked that ¢}, (at) > ¢, (o) reduces to inequality , which implies that max{c}, (at), 3, (o)} =
c}; (o) for o < ap and that max{c},(at), 3 (@)} = c3; () for & > atp. Combining the parame-
ter regions (a), (b), (c) and sorting by a and cy, we thus find that the search cost s3 is optimal
if and only if a € (0,05] and ¢y > ¢l (), or & € [0i2,03) and ¢y > c3,(), or & € [03,1)
and cy > c§; (o). This completes the proof. O

V—CH
2

Appendix B: Expert Semi-pooling PBEs for s >

For s > *5*, we cannot use the argument preceding Proposition 3| to rule out Expert Semi-
pooling PBEs with p;; > v —s. It is however still clear that in any Expert Semi-pooling
PBE (where the expert is indifferent between offering t = L at p; = ¢, + s and offering
t = H at pj; > v — s to low-severity consumers), it must hold that pj; —cy > 5. Moreover,

for pj; —cy > s, the probability r*(pj,) that a consumer buys who is offered r = H at pj,

33 A proof is available from the authors upon request.
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must be less than one (see equation (8)). We will restrict attention to the latter type of
Expert Semi-pooling PBEs, leaving aside the existence of Expert Semi-pooling PBEs where
with py; = cg +s > v —s, all consumers would have to buy when offered t = H at p;}@
Proposition [6] provides a full characterization of the set of Expert Semi-pooling PBEs with

vV—C,
Py —cg > s, fors > 4.

Proposition 6. Suppose that s > *5* and that K is sufficiently large.ﬂ For a. > Q(s), no
Expert Semi-pooling PBE exists. For o < Q(s), there exist a continuum of Expert Semi-

pooling PBEs according to which

e Each consumer with x = H that visits the expert gets offered t = H at price py; €

(cu +s,v].

e Each consumer with x = L that visits the expert gets offered t = H at py; with proba-
bility qj,(pj;), while she gets offered t = L at p] = c1,+ s with probability 1 — q5;(pj;),

where
o(v+cL+s—py)
(I—a)(py—cL—s)

qau(Ph)

e FEach consumer optimally starts her search at the expert. Then, on the equilibrium
path, a consumer’s optimal search and purchase behavior is as follows. When she
gets offered t = L at p; = cp + s, she buys immediately. When she gets offered t = H
at price py, she buys with probability r*(pj;) € (0,1) and leaves towards the fringe
with probability 1 — r*(pj;), where r*(pj;) is specified in . If; after getting offered

t = H at price py,;, she leaves towards the fringe, but receives no effective treatment

there, she leaves the market.

o When receiving an off-equilibrium treatment proposal t = H, py # pj, the con-
sumers’ off-equilibrium beliefs of having low severity, ur(pg), satisfy@ ur(pu) €
(4, (pr), 1] for all py € (cu + s, pyy) U (P, v, where p, (pr) is specified in equation

.

6Such equilibria exist and simply require that the expert does not inappropriately offer high treatment with
too high frequency (which is never an issue, as the expert is indifferent between offering t = L at p; = cp +
and t = H at pj; = cy + s, given that all consumers buy when offered t = H). Details are available from the
authors upon request.

>7Like for the Expert Semi-pooling PBE when s < “5L, the precise condition on K is that K > K, €
(1,3).

58No restriction on consumers’ off-equilibrium beliefs for deviation prices py < cy + s is needed.
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The expert’s equilibrium profit is given by Tsep = 5.

Proof. Since in the candidate equilibrium the consumers must be indifferent between ac-
cepting t = H at price pj; and searching the fringe (never returning in the latter case due to

Py > v—s), it needs to hold that
v—py=Pr{x=Llt=H;py}v—cL—s.

Inserting Pr{x = L|t = H; pj;} from equation (7) and solving for gj;, this indeed implies
the expression for gj;(pj;) as specified in the proposition. It may easily be checked that
q};(pj;) > 0 and that g, (pj;) < 1if and only if o < ©(s) as given in (6). We thus need that
o < a(s) for equilibrium existence.

Next, given that the consumers take up t = H at price pj, with probability r*(pj,), the
expert is indeed indifferent between offering t = L at p; = ¢, +s and t = H at pj; to low-
severity consumers.

Regarding off-equilibrium beliefs, basically the same considerations as for the Expert
Semi-pooling PBE of Proposition 3| apply (replacing the previous pj; = v — s with an arbi-
trary pj; € (cu +s, v])@ What is different is that it could be worthwhile for the expert to
deviate by offering py = v — s < pj; to high-severity consumers, as this would eventually
enable the firm to sell to all of them, rather than to only a fraction r*(pj;) < 1. However, this
is not profitable, as the corresponding profit per high-severity consumer, v — s — cy, never
exceeds the equilibrium candidate profit of s per high-severity consumer, given the assumed
s> =H

The final requirement for equilibrium existence is that the consumers must find it optimal
to first search the expert, rather than to stay out of the market or optimally search through the
fringe firms. Now, given a candidate equilibrium with high-treatment price pj;, a consumer’s

expected surplus of first searching the expert is
CSsem2 = (1 =) (1 =gy (py))(v—cL—s) +[1 = (1 =) (1 =g (Pp))](v — pr) — s
=(1—0o)v—cp—25=CSsem. (34)
This coincides with consumers’ expected surplus in the Expert Semi-pooling PBE of Propo-

sition@ giving rise to the same condition on K. Consumers’ participation constraint CSe, 2 >

0 is finally equivalent to oo < (), which holds by assumption. [

The remark that for deviation prices py < pj;» consumers should be inclined to believe that they suffer
from a low-severity condition no longer holds. 50
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Abstract

When experts have superior information on their customers’ needs and appropriate treat-
ment/repair/advice is a credence good, there are obvious incentives for opportunistic
behavior. What compounds this is that experts regularly make treatment recommenda-
tions and price offers only after consumers have approached them, creating additional
market power due to search costs. In our model, an expert enjoys monopoly power on
diagnosis and major treatments, but has limited market power on minor treatments due
to fringe competition. The expert’s treatment offer only gets revealed to consumers upon
visit, and both searching the expert and fringe firms is costly. For search costs that are not
excessively high, in equilibrium the expert inappropriately proposes major treatment to
all or a fraction of low-severity consumers, which they respectively accept all or some of
the time. Next to wasteful overtreatment, further inefficiencies arise in the latter case, as
some high-severity consumers mistakenly leave the expert, and some low-severity con-
sumers incur unnecessary search costs. Total welfare is non-monotonic in search costs
and may even be maximized when these are large. Expert competition often does not, or
only partly, alleviate market distortions.
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