MPRA

Munich Personal RePEc Archive

Search and competition in expert
markets

Cao, Yiran and Chen, Yongmin and Ding, Yucheng and
Zhang, Tianle

12 August 2022

Online at https://mpra.ub.uni-muenchen.de/114170/
MPRA Paper No. 114170, posted 15 Aug 2022 02:23 UTC



Search and Competition in Expert Markets

Yiran Cao* Yongmin Chen** Yucheng Ding*** Tianle Zhang*
August 2022
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dimensions. Consumers have either zero or a positive search cost. In equilibrium, experts may
“cheat” by recommending an unnecessary treatment with positive probabilities, prices follow
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decreases, both expert cheating and prices can increase stochastically. However, if search cost

is sufficiently small, competition forces all experts to behave honestly.

Keywords: search, experts, competition, credence good

JEL Classification Number: D8, L1

*Lingnan University; yirancao@Ln.hk; tianlezhang@Ln.edu.hk
**University of Colorado Boulder; yongmin.chen@colorado.edu

***Wuhan University; yucheng.ding@whu.edu.cn

"We thank various seminar and conference participants for helpful comments and suggestions.
Tianle Zhang gratefully acknowledges financial support from the Research Grants Council of

the Hong Kong Special Administrative Region, China (Project code: LU13500619).



1. INTRODUCTION

Consumers often need to search sellers to find product and price information. An extensive
literature, going back to Stigler (1961), has devoted to the study of consumer search and the
implications of search cost on competition. The literature typically assumes that the products
are search goods, the value of which can be observed from inspection. However, in markets
such as those for auto repair, medical service, I'T service, and financial service, a seller typically
possesses superior information about the service or product that a consumer needs, even after
the consumer’s purchase. A well-known problem in such markets, often referred to as credence-
goods or expert markets, is that expert sellers may “cheat” by recommending unnecessary
services to consumers. Consumers may then need to search for both honest recommendations
and low prices, while expert sellers will also compete in these two dimensions. How do expert
markets work under such multidimensional search and competition? How will search frictions
shape the role of competition in disciplining expert behavior? These are important questions
that are yet to be answered for the economics literatures on consumer search and on expert
markets.

When firms sell homogeneous products with known values to consumers, Stahl (1989)
provides a seminal analysis of oligopoly price competition when consumers conduct sequential
search. As search frictions decrease, competition intensifies monotonically, and the classical
Bertrand outcome (marginal cost pricing) and Diamond outcome (monopoly pricing) are
obtained as the limiting cases of his model, respectively when search cost is zero and the
fraction of consumers with zero search cost is zero.! In expert markets, if the nature of a
consumer’s problem were public information, competition could be analogous to that for a
homogeneous product. However, because only the experts may learn a consumer’s problem
and the appropriate treatment, an expert’s recommendation and price can reveal information
about whether he is being honest, and a consumer may perform Bayesian belief updating about

her problem type through sequential search. This can substantially complicate the strategic

!For differentiated products, a seminal contribution is Wolinsky (1986), in which market power also increases
with search friction but equilibrium price is above marginal cost even as search cost goes to zero, because

product differentiation also softens price competition.



choices of consumers and experts, but—as it turns out—they can be fruitfully analyzed in
a model built on Stahl (1989). As our analysis of this model will show, with the additional
market interactions, search frictions have richer and novel effects on competition and expert
behavior.

We consider an expert market in which each consumer has a problem that can be either
major (M) or minor (m). A major treatment (7)) can fix both types of the problem, but a
minor treatment (7,,,) can only fix a minor problem. When visiting an expert, a consumer’s
problem is learned by the expert, who can then offer the consumer a recommended treatment
at a certain price. At no time can a consumer observe her problem type, so the treatment by
an expert is a credence good.? The consumer can either accept the offer or search other experts
sequentially for additional offers. The expert is obligated to solve the consumer’s problem if
his offer is accepted, and the treatment performed is verifiable by the consumer. However,
there can be higher profits from T3 than from T;,, which provides an incentive for experts to
recommend Tj/—possibly with some probability a—even for the minor problem. We extend
Stahl (1989) to study search for—and competition in—recommendations and prices in this
market. As in Stahl (1989), we assume that fraction A of the consumers are shoppers who
have zero search cost to visit any expert, whereas the rest of the consumers are searchers who
must incur a search cost (s) to visit an expert.

In a symmetric perfect Bayesian equilibrium of the model, a shopper will purchase from
the expert who can solve her problem at the lowest price, whereas searchers will adopt an
optimal reservation price for each recommended treatment. The tension between attracting
the shoppers and exploiting the searchers implies that, as in Stahl (1989), experts will choose
treatment prices with mixed strategies, and they will always recommend Tys for M but may
cheat by recommending T} also for m. Specifically, when s is above some threshold, initially
experts will cheat with probability a* € (0,1), which we term as the hybrid equilibrium;

whereas when s is high enough, experts will always cheat (with o* = 1), which we term as the

2For example, the air conditioner in a consumer’s car is not cooling. The problem could be either a faulty
compressor or inadequate refrigerant. Replacing the compressor will fix both types of the problem, but adding
refrigerant can only fix the latter. An auto mechanic will know what the problem is but the consumer does

not.



pooling equilibrium. However, when s is sufficiently small, the model has a unique separating
equilibrium, where experts truthfully recommend T,,, for m (a* = 0). Despite the dynamic
nature of consumers’ Bayesian belief updating during their sequential search, we show that the
beliefs are stationary given the experts’ equilibrium strategy, which substantially facilitates
the equilibrium analysis. The analysis of our model is made tractable also by the observation
that because sellers will optimally choose not to price above the searchers’ reservation prices,
in equilibrium all searchers will purchase during their first visit when undertaking sequential
searchers.

The hybrid equilibrium, which our analysis focuses on, exhibits several interesting prop-
erties. First, there is an interval on which the two price distributions for treatment Ty,
associated with problems M and m have identical density, so that a consumer maintains the
prior belief about her problem type when seeing a price in this interval; whereas prices for T,
in a lower interval will be chosen only for M. Hence, an honest expert is more likely to charge
a lower price for the major treatment.? Second, an increase in experts’ cheating probability
() negatively impacts search benefit because consumers are less likely to encounter an honest
seller from another search, but it also positively impacts search benefit because equilibrium
prices and their dispersion are higher. A consumer’s search benefit can thus be a decreas-
ing, increasing, or non-monotonic function of «. Third, there is a critical level of cheating
af such that as search frictions decrease (i.e., A rises or s falls), expert cheating decreases if
a* > af but increases if a* < a.* Fourth, equilibrium prices stochastically increase in o,
and they depend on s only through «. This implies that reductions in search cost, when it
decreases (increases) cheating, also lowers (raises) prices and unambiguously benefits (harms)

consuiers.

3When consumers lack information about product quality, a well-known result in the literature on pricing
under asymmetric quality information is that a high price can serve as a signal for high quality (e.g., Bag-
well & Riordan (1991)), Interestingly, in our setting a lower price can signal a high quality—honesty—of a

recommendation
4This conclusion is valid for all equilibria of our model, including the pooling equilibrium with o = 1 and

the separating equilibrium with o™ = 0, if the “decreases” and “increases” are interpreted as “weakly increases”

and “weakly increases”.



The result that equilibrium expert cheating can either rise or fall as search frictions de-
crease may seem surprising at first glance, but it has the following simple intuition. When
cheating is sufficiently common in the market (a* > a), a marginal reduction in search fric-
tion leads to relatively more competition for dishonest experts, motivating experts to behave
more honestly; but when cheating is sufficiently rare in the market (a* < o), a marginal re-
duction in search friction leads to relatively more competition for honest experts, motivating
experts to behave less honestly.?

It is also interesting that in our model, despite experts’ information advantage regarding
the consumers’ problem, the equilibrium outcome for each problem type reduces to that in
Stahl (1989) when search cost is sufficiently small. In this case, where the separating equi-
librium prevails, the expected profits for the two treatments are the same and experts always
report consumers’ problems truthfully.® Then, the equilibrium price distribution for each
treatment has the same form as that in Stahl (1989). Therefore, although competition in
expert markets with search cost generally works very differently from competition in other
search markets, when search frictions are sufficiently small, competition can effectively dis-
cipline experts and the market operates as if consumers could observe their problem types.
Furthermore, same as in Stahl (1989), the prices for the two treatments both approach their
respective marginal costs when search cost approaches zero.

To the best of our knowledge, this is the first paper to study consumer search for both
recommendations and prices in expert markets. It contributes to the search literature by
providing a new framework to understand search and competition when only sellers can ob-
serve product features that match buyers’ needs. As we mentioned earlier, in the extant

literature, consumers either know the product value before price search for a homogeneous

®The critical value a® depends on the extra cost for the major treatment (C) and the number of sellers in
the market (N), both of which can affect the relationship between a consumer’s search benefit and «. Their
influences can be so dominant that a° is either 0 or 1, so that a reduction in search friction always increases

or decreases expert cheating, whereas in other situations o € (0,1).
5n the credence-goods literature, an important insight is that experts will not cheat if the price markups

for the two treatments are equalized (Emons, 1997; Dulleck & Kerschbamer, 2006). Our result generalizes this

insight to situations when prices follow mixed strategies and expected profits are equalized.



product (e.g., Stahl, 1989; Janssen et al., 2011), or they also search for a product’s value
either under horizontal differentiation (e.g., Wolinsky, 1986; Anderson & Renault, 1999; Haan
& Moraga-Gonzélez, 2011; Rhodes, 2011) or (additionally) under vertical differentiation (e.g.,
Bar-Isaac et al., 2012; Chen & Zhang, 2018; Moraga-Gonzélez & Sun, 2022). An exception
is Chen et al. (2022b), in which consumers search for product matches without observing
product quality before purchase, but in their model of experience goods, each firm produces
only one product with a pre-determined quality, there is no role for product recommendation,
and all firms set the same deterministic price in equilibrium. By contract, in our model each
seller may produce two products (either Ths or T;,,), and his choice of recommendations may
interact with prices to influence consumer search and purchase. Our finding that changes in
search cost can have non-monotonic effects on prices is broadly consistent with the results
in the literature,” but the channel through which this happens in our mode is novel: lower
search cost can increase false recommendations, which in turn leads to higher prices and lower
consumer surplus.

Our paper is closely related to Janssen et al. (2011), in which firms have identical but
stochastic production costs and the cost realization is unknown to consumers. In both papers,
consumers update their beliefs in a Bayesian fashion when sequentially searching sellers, and
in equilibrium all searchers purchase from their first-visited seller. One notable difference
between the two papers is that production cost is unknown to consumers in Janssen et al.
(2011), while treatment cost is verifiable in our setting. Also, in our model experts choose
treatment (i.e. product) recommendations, whereas no such choice is made in Janssen et
al. (2011); consequently, costs are exogenously determined in their model but depend on
the experts’ recommendation choice in ours. Moreover, Janssen et al. (2011) focus on how
production cost uncertainty matters for market outcomes and welfare, whereas we emphasize
the effects of search frictions on experts’ cheating behavior. These differences make Janssen et

al. (2011) especially suitable for retail markets such as gasoline, on which their analysis offers

"While prices unambiguously increase in search cost in seminal papers such as Stahl (1989) and Wolinsky
(1986), later contributions have shown that reductions in search frictions can sometimes increase price for
homogeneous products (e.g., Chen & Zhang, 2011) or for differentiated products (e.g., Bar-Isaac et al., 2012;
Zhou, 2014; Moraga-Gonzélez et al., 2017; Choi et al., 2018; Chen et al., 2022b).



important insights, whereas our setting is more relevant for expert markets such as those for
auto repair, medical /dental treatment, and IT service.

Our paper also contributes to the literature on credence goods and expert markets.® The
literature has studied how various mechanisms may stop experts from cheating and improve
efficiency, such as separating diagnosis from treatment (e.g., Wolinsky, 1993), liability (e.g.,
Fong, 2005; Dulleck et al., 2011; Bester & Dahm, 2018; Chen et al., 2022a), and reputation
(e.g., Schneider, 2012; Fong et al., 2022). Several papers (Wolinsky, 1993, 1995; Pesendorfer &
Wolinsky, 2003) have also examined the role of second opinions and expert competition, but in
these studies prices are observable to all consumers without costly search, and expert behavior
will become less favorable to consumers monotonically as consumer search cost increases. Our
model allows experts to compete in—and consumers to search for—both recommendations and
prices, and we demonstrate that the interactions between consumer search and competition
in these two dimensions can substantially change how expert markets function. In particular,
we show that search cost can affect expert behavior non-monotonically.

In the rest of the paper, we present our model in Section 2, which also contains results
in the benchmark where consumers know their problem types so that for each treatment our
model reduces to a version of Stahl (1989)’s model. Section 3 analyzes the hybrid equilibrium.
Section 4 studies how changes in search frictions may affect the cheating probability and prices
at the hybrid equilibrium. Section 5 characterizes the separating and pooling equilibria, and

provides the conditions for their existence. Section 6 concludes.

8The literature often considers products or services in expert markets as credence goods (e.g., Darby &
Karni, 1973; Taylor, 1995; Emons, 1997, 2001; Fong, 2005; Alger & Salanie, 2006; Liu, 2011). See Dulleck
& Kerschbamer (2006) for a review of the earlier literature, and Balafoutas & Kerschbamer (2020) for more

recent contributions.



2. THE MODEL

The market contains a unit mass of consumers and N > 2 experts. Each consumer has
a problem that needs to be treated by an expert. A consumer’s problem can be one of two
types: major (i = M) or minor (i = m), each occurring with probability § or 1 — 6. The
realization of the problem type, ¢, is independent across consumers. Any expert can solve the
consumer’s problem by a major treatment (T' = Tyy) if i € {M, m} or by a minor treatment
(T = Tp,) if i = m.Y We assume that each consumer is willing to pay at most V; to have
problem i € {M,m} solved, with Vjy = V and V,,, = v. One natural interpretation of this
assumption is that if problem ¢ is not treated, the consumer will suffer a loss of —V;, but
we can also allow the possibility that V; reflects consumers’ (subjective) valuations of the
treatment that solves problem ¢, knowing that ¢ = M is much more costly to treat.

Consumers, who do not observe their problem types and the experts’ prices, may sequen-
tially search experts in random order for recommendations and prices. Following Stahl (1989),
we assume that portion A of consumers are shoppers who have zero cost to visit any expert,lo
whereas proportion 1 — A of consumers are searchers who incur a search cost s > 0 to visit
any expert except for a first visit. Whether a consumer is a shopper or searcher is her private
information.

Since problem M can be solved only with Ths, any expert will always recommend Ty
for M. However, an expert may recommend either T or T, for m. A strategy of expert j,
j=1,...,N, can thus be denoted as 7/ = (pij, ¢, ozj) , where pMJ is j's price for Ty if i = M,
p™ is j's price for Ty if i = m, ¢/ is j's price for T}, if i = m, and o is j's probability
to recommend T when ¢ = m. The costs of the treatments are ¢; for i € {M, m}, where
cy = C > 0 and ¢, is normalized to 0. The type of treatment is verifiable, implying that

an expert needs to incur cost C' if he recommends a major treatment (even to fix the minor

9This assumption of two problem types with two possible treatments is commonly made in the credence-
goods literature. We also maintain this assumption for analytical tractability. Liu & Ma (2021), however, study
a more general model in which a consumer’s problem types are a continuum, though their analysis focuses on

a monopoly expert.
10As argued in Stahl (1989), some consumers may enjoy finding the lowest price through search, which

provides a justification for the existence of shoppers in the market.



' We assume V — C' > v, so that an expert can obtain a higher markup on the

problem).
major treatment, which provides an incentive for the expert to cheat: recommend Tj; when
only T, is needed to treat a consumer’s problem.

Upon visiting the t** expert in her random search, if the expert recommends Ty, a con-
sumer holds the belief that her problem is M or m respectively with probabilities p; and
1 — p, for t =1,..., N, where y; may also depend on the expert’s price for Th; and on offers
from previously-visited experts (if ¢ > 1). Because an expert cannot solve a major problem
with T},, a consumer will hold belief p; = 0 once she has received recommendation 7, to
solve her problem. A shopper’s strategy is to search all experts and then decide which expert’s
offer to accept (if she accepts an offer at all). As in Stahl (1989) and Janssen et al. (2011),
each searcher follows a reservation price strategy, which specifies a pair of reservation prices
(r (1) ,rm) for (Tas, Tpn) in her #** visit under belief py: she will accept recommendation
Ty at price p < r(u), and she will accept recommendation T, at price ¢ < ry,. Clearly,
r(u) <V and 1y, < v. As we shall argue later, a reservation price strategy will indeed be
optimal for the searchers, given the optimal strategy of the experts.

The timing of the game is as follows: First, experts simultaneously choose their strategies.
Next, shoppers search all experts, while searchers may sequentially search experts. When
seeing a consumer and learning her problem, expert j offers his recommendation and price
to the consumer according to 7. The consumer may (a) accept the offer, (b) search another
expert, (c) possibly return to accept the offer from a previously-visited expert with no addi-
tional search cost, or (d) exit the market without receiving a treatment. The game ends if
(a), (c), or (d) occurs for every consumer.

We will focus on symmetric perfect Bayesian equilibrium (PBE) where all experts choose
the same strategy and so do all consumers. We can thus simplify notations by writing 7/ as
~v. A PBE of our game is a profile of strategies by the experts and consumers, together with

consumer beliefs, that satisfies:

HThe credence-goods literature has considered two alterantive assumptions: the treatment is verifiable (e.g.,
Emons, 1997; Alger & Salanie, 2006; Chen et al., 2022a), or non-verifiable (e.g., Wolinsky, 1993; Taylor, 1995;
Fong, 2005; Liu, 2011). We adopt the former, but will discuss in Section 5 how the results might change if

treatment were not verifiable.



(i) For 7 = 1,..., N, given each consumer’s strategy and all other experts’ strategies, -y
maximizes expert j’s expected profit and j has no incentive to change his strategy upon
seeing any consumer.

(ii) Given « for j = 1, ..., N, each consumer chooses her strategy to maximize her expected
surplus under her belief. Clearly, the optimal strategy for any shopper is to accept the offer
from the expert with the lowest price, provided that this is better than no treatment (which—
as it will become clear—must be true in equilibrium). Our equilibrium analysis will thus focus
on the optimal strategy of the searchers, for whom the PBE imposes two requirements: given
her belief and the experts’ strategies, each searcher chooses her reservation price optimally,
and it is indeed optimal for each searcher to follow a reservation price search strategy.

(iii) Consumers’ beliefs are derived from the Bayes’ rule along the equilibrium path. As
in Janssen et al. (2011), we make the following assumption for out-of-equilibrium belief: if
p* is an equilibrium price, then when a consumer observes an out-of-equilibrium price p’ in
a small neighborhood of p*, i.e., p’ € (p — €,p + €), her belief about the type of her problem
associated with p’ would be the same as that with p*, i.e., u(p') = pe(p*).

Our model may have three types of equilibria, in which experts always recommend Ty if
i = M but differ in their recommendation for i = m: (i) a hybrid equilibrium where experts
recommend Ty, for m with probability a € (0, 1); (ii) a separating equilibrium where experts
always recommend T}, for m (i.e., « = 0); and (iii) a pooling equilibrium where experts always
recommend Ty for m (i.e., « = 1). We will focus on the hybrid equilibrium, but will also
provide results for the separating and pooling equilibria.

We conclude this section by considering a benchmark where each consumer can observe

her i = {M,m}.
Benchmark: Problem Types are Observable to Consumers

In this case, there is no possibility of expert cheating. For each i € {M, m}, our model is
then the same as that in Stahl (1989). Following Stahl (1989), there is a unique symmetric
equilibrium where experts price according to price distribution F; (p) for i = {M, m} and
consumers search with reservation price r{ < V; for T;. The equilibrium can be derived as

follows.



First, notice that, as in Stahl (1989), there can be no symmetric equilibrium where experts
adopt a pure strategy. Suppose that, to the contrary, in equilibrium p = p* for Th;. Then,
if p* > C, an expert can profitably deviate by lowering his price slightly to attract all the
shoppers; while if p* = C, an expert can profitably deviate by slightly raising the price which
will be accepted by any searcher (who has a search cost s > 0). Similarly a deterministic price
q = ¢* for T, cannot be sustained in equilibrium. Next, F; (p) must be atomless, as any price
associated with a probability mass will also induce profitable deviations. Moreover, the upper
bound of F; (p) is ¢ for i = M, m, the reservation price of searchers in their sequential search.

For ¢ € {M, m} and for any price p generated from F; (p), in equilibrium

) |1 A= B =0t - e 1
where (1 — F; (p))" ! is the probability that an expert can sell to a shopper and r¢ is the
highest price in the support of F; (p). The equilibrium price distribution is

T?? —p L—A) |~ : o ,.0
Fi(p)=1- [( (p—)<())\N )] with  p € [b7,77], (1)
° r¢,(1-A\)+CAN o ro (1=X
where b = % and bm = )\N(—l-l—g\'

Define r{, as the solution to

/ 8y~ p) dFa (p) = . (2)

o
M

We can rearrange the term on the left-hand side in the above equation, which is the search
benefit—a consumer’s benefit from another search—as

o
"M

/TM (r3r —p)dFy (p) =13 + / pd[l = P (p)]
b

o o
M b M

Define x = 1 — Fj/(p), and rewriting p as a function of x by (1), the search benefit under
Fyy (p) becomes

2+ /b M pd[L — Fy(p)] = (5 — O)(1 - 6), (3)

o
M

¢=/1 -2 dr <1 (4)
~ Jo AN2N-T 41—\ ’
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and ¢ is a constant for given A\ and N. Notice that ¢ is lower when A is higher or N is lower;
and ¢ — 0 when A\ — 1 while ¢ — 1 when A — 0.

For given V' and v, there is an upper bound on search cost, 5, under which r$, = C + %
uniquely solves (2) and 7§, = 0V 4+ (1 —6)v < V. As it will become clear later, when s < 5, the
consumer’s reservation price is no higher than her expected willingness-to-pay for T3, even in
all equilibria of our model where problem types are not observable to consumers. Throughout
the paper, we assume:

<s=(1-¢)[V+(1—-0)v—C]. (5)

Furthermore, let 7, = min {v,w}, where w solves

/w (w—p)dF, (p) = s. (6)

w(l=2X)
AN+1-X

Then 2, uniquely exists. The unique equilibrium F; (p) is characterized by (1), (2) and (6).
Notice that search benefit is strictly increasing in reservation prices r¢, for 7% and r,, for
Ty, which implies that it is optimal for searchers to adopt a reservation price strategy under
both Ths and T,,.

We next return to the equilibrium analysis of our main model in which consumers do not

observe their problem types.
3. HYBRID EQUILIBRIUM: PROBABILISTIC CHEATING

When only experts can privately learn a consumer’s problem, they may cheat by recom-
mending Th; even when ¢ = m. This section analyzes the hybrid equilibrium where each
expert cheats with probability a € (0,1).

As in the benchmark case, here there is also no equilibrium in which experts choose
deterministic prices. To see this, consider first the price for T;,, and suppose ¢ = ¢* is the
candidate equilibrium price for T,,. Then, any ¢* > 0 cannot be supported in equilibrium
because an expert can profit from a deviation to a slightly lower price, while ¢* = 0 also
cannot be supported in equilibrium because an expert can profitably deviate to a slightly
higher price. Next, consider the price for Tj;. Suppose that p = p* is a candidate equilibrium

price for Ty in equilibrium. Then, with all experts recommending T3, with probability 1 if

11



it = M and with probability « if ¢ = m, each shopper—after seeing the recommendations
from all experts—will form certain belief along the equilibrium path about the probability
that her ¢ = M. Clearly, some consumers must be willing to pay p* for Ths in order for p*
to be an equilibrium price. Then, if p* > C, an expert can deviate to a slightly lower price,
for which consumers will still have the same belief as before under our assumption about
off-equilibrium beliefs. It follows that the deviation is profitable to the expert by attracting
all shoppers who would have purchased from other experts under p*, and the deviation would
not reduce the expert’s demand from searchers. On the other hand, if p* = C, an expert can
profitably deviate to a slightly higher price to sell to searchers for whom he happens to be
the first expert they visit.!?

In a potential symmetric mixed-strategy equilibrium, suppose that experts choose p ac-
cording to distribution F'(p) when recommending Tj; for ¢ = M, choose p according to
distribution G (p) when recommending T for i = m, and choose ¢ according to distribution
H (q) when recommending T,, for i = m. From familiar arguments, the equilibrium price
distributions are atomless.

Because a searcher can return to a previously-searched expert without cost, in equilibrium
her reservation price for Ty or T;, under a certain belief must not increase in t. Let = pp €
[0,1], and let {r (p),7m} be the searchers’ reservation prices for {Tns, 1), } in their first round
of search. As we shall confirm later, in equilibrium consumers will indeed hold stationary
belief py = p for all ¢ and searchers will adopt a reservation-price search strategy. Then, the
upper bound B of distributions F' (p) and G (p) must be r = r (1), and the upper bound of
H (q) must be 7,. To see this, suppose to the contrary that B # r. If B > r, then price p = B
will not yield any sale to searchers during their first and possible future rounds of searches,
and it will also not yield any sales to shoppers. By deviating to B = r, an expert will have a
positive profit and hence the deviation is profitable. If B < r, since there is zero probability
that B is the lowest price, an expert can profitably raise p = B to p = r, for which he will

not lose any sales to shoppers but will have a higher profit from searchers who visit him and

2For Ty, the experts may also choose a deterministic price p; when i = M and ps when i = m. From

arguments similar to the above, there can be no deterministic equilibriumm prices pj or p3.

12



who will pay r instead of B < r. The argument is similar for r,, when the recommended
treatment is T;,,. Therefore, in equilibrium all searchers will purchase at their first visit. As
in Stahl (1989) and Janssen et al. (2011), our analysis is greatly facilitated by this feature of
the model.

In subsection 3.1 below, we derive the equilibrium price distributions and cheating prob-
ability «, given the consumers’ strategies. In subsection 3.2, we then derive the optimal
consumer strategy under the equilibrium expert strategy and fully characterize the hybrid

equilibrium.
3.1 Price Distributions and Cheating Probability

We start by deriving the equilibrium price distributions, given that shoppers will purchase
from the lowest-priced expert and searchers will search with reservation prices (r,7,,) for
(Tar, Tn). We consider in turn the cases where a consumer has a major problem (i = M) and
where she has a minor problem (i = m).

First, suppose that ¢ = M. Then, upon seeing the consumer, any expert will recommend
Ty with a price p randomly drawn from F'(p). To determine F (p), notice that an expert
earns the same expected profit for any p € [bs, r] in the symmetric mixed strategy equilibrium:

1-A 1—A

w-0) [ A=) =0 1

where the expert can sell only to searchers if he sets p = r. Thus, the equilibrium price

distribution is

(T_p)(l_)‘)] v with  p € [by,r], (7)

Flo)=1- [ - C)AN

where by = m%;‘]v We have F'(r) =1, F'(by) = 0, and the probability density is

o) = [”@flﬁ;;ﬂﬁl_l (5 0

Notice that the price distribution has the same form as that for i = M when consumers

can observe their problem types. However, the equilibrium 7 (to be derived) will differ from

13



r9; in the benchmark case, because in optimally choosing r a consumer will now take into

account the possibility that an expert may cheat by recommending T5; even when ¢ = m.
Next, suppose that ¢ = m. For such a consumer, an expert will recommend T); with

probability « under a price p that is randomly drawn from G (p). The expert earns equal

profits from offering Ts to such consumers with any price p drawn from G (p) if

(0-C) | F 32 + 21— = - 0) 1

where % of the m-type searchers will first visit the expert and will pay for Ty at p < 7,

while oV 71 (1 - @ (p))N_1 is the probability that the expert can sell to a shopper with i = m

when other experts also cheat and price higher. Hence, G (p) is given by
1

L [(r—p) (1= N)]F

Gp=1- — |—F— f b 9

) R or p € [by.7] )

«

where by = r(ll__))‘\)rf]\?ﬁ;\?]v Moreover, G (r) = 1, G (by) = 0, and the probability density is

11 [repA=N]TT r—C [1-A
10~ i | pren ) poor (o) 1o

Next, with ¢ = m, any expert will recommend T,, with probability 1 — « under a price
g randomly drawn from H (q). Suppose that all searchers’ reservation price for T, is r,, =
min{v,w}, where w is defined in (6). We construct the equilibrium under the assumption
that v < w and will later show that v > w is not consistent with any hybrid equilibrium. An
expert earns equal profits from recommending 7}, to consumers with ¢ = m under any price

q drawn from H (q) if

q{l_NA A+ (1—-a)(1 —H(q))]N—l} = (1_NA —I—)\aN_1> ,

where we have further assumed that v < by so that prices under G (p) by experts who cheat

are all higher than v.'3 Thus,

ML At ANGN-1) (1 317
H(Q)—lia{l—[(l ] }with g€l (1)

13 As we will see shortly in Lemma 1, this assumption is always satisfied in equilibrium.
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where by, = %v. Moreover, H (v) =1, H (by) = 0, and the probability density is

1
hg) = ! V(1= A+ AN 1 A15 Tyl — A+ AN Y
V=1"a AN AN (N — DANG
Finally, the experts must earn the same expected profit from recommending either T); or
T,, for i = m, and hence v (% + /\aNfl) = (r—-0C) %, which implies that r and « are
positively related in the following way:

_ 1— A+ ANaN1
N 1—)

r

v+ C, (12)

We summarize the price distributions, their properties, and the cheating probability for

given r at a hybrid equilibrium as follows:

Lemma 1 In a hybrid equilibrium, the price distributions F (p), G (p), and H (q) are given
by (7), (9), and (11), with the following properties: (i) by < by with F (by) = 1 — «; (ii)
9(p) = 21 (p) for p € [bg,7]; (ii) h(q) = 25 f (q+ C) for q € [bn,v]; and (iv) by = v+ C
and by = b, + C. Furthermore, o is determined by (12) for given r.

Proof. It suffices to prove properties (i)-(iv).

(i) Since by decreases in a we have

. _r(l—A)—i—CozN_l)\N>r(1—)\)—|—0)\N_b
9T T I A+ aNIAN 1-A+MN 7

for r > C. It is straightforward to also verify that F'(by) = 1 — a from (7).
(ii) From comparing (8) and (10), we immediately have g (p) = L f (p) for p € [by,7].
(iii) From (11) and (12),

I S L S L A I Tl (1= A 4+ ANaN )
(@) = 1_a[ ANg - AN] (N —1)AN¢>
1 [r—q-O)1=N]TT =) 1 - )
B 1—04{ ANgq ] (N — 1)AN¢?
1
= mf(q4‘c)'

(iv) Substituting the r from (12) into

1—A)+CaV AN
1 - XA+ alV-1AN

r(1—X)+ CAN
AN +1-X 7

by = and by =
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we obtain by = v+ C and by = b, +C. ®

Part (i) in Lemma 1 implies that when a consumer receives a recommendation for T at a
price p € [bf, by), she can infer that the expert has made an honest recommendation: i = M,
whereas when she receives a recommendation for T at a price p € [bg, r|, the true state can
be either ¢ = M or i = m.

Part (ii) in Lemma 1 implies that when Tj; is being recommended at price p € [bg, 7],
density g (p) is larger than f (p) with g (p) = é f (p) . However, since an expert will recommend
Ty when ¢ = m only with probability «, from the Bayes’ rule a consumer’s posterior belief

when receiving recommendation Th; under a price p € [by,r] is the same as her prior belief:14

0f(p)
0f(p) + (1 —0)ag(p)

Part (iii) suggests that the price density function & (q) for T, under ¢ = m is a shift to the

wu(p) = =60 for p e [by,7]. (13)

left by C' from the density function f (p) for Ths under ¢ = M on [by,b,]. Part (iv) is based
on the idea that when an expert recommends T; with a price p € [bg, r|, a searcher’s belief is
p = 0 (as indicated in (ii) above), and hence her reservation price r for Ty, is the same under
both F'(p) and G (p) . Therefore, both by and by are determined by the same r from (12) that
makes the expert indifferent between recommending Th; and T, for ¢ = m.

Figure 1 below illustrates the relations between F' (p), G (p), and H (q) .

T Treatment

F(p)
~ IZ,,H/ —= N r Major Problem
-7 l—a -~ ! o '
. -H(p) e : G(p) :
b = i [ N r Minor Problem
l—a o
T, Treatment T Treatment

Figure 1: Equilibrium price distributions.

Y“Interestingly, under recommendation Ths, a lower price, p € [bs, by ), signals that the problem is indeed M,
whereas a higher price, p € [bg, ], does not provide useful information. This is because if an expert chooses
to cheat—recommending T when ¢ = m—nhe is unlikely to sell to shoppers and would thus rather charge a

higher price to earn a higher profit when selling to searchers.
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3.2 Optimal Consumer Search

We now characterize optimal consumer search given the experts’ strategy described in the
previous subsection. From the analysis of price distributions for our proposed equilibrium, a
consumer’s beliefs after receiving experts’ offers of treatment and prices can be summarized

in the following.

tth

Lemma 2 Upon receiving the offer from the t** expert that she visits, a consumer’s belief p; s

consistent with the experts’ equilibrium strategies when, for allt > 1: (i) uy = 0 if at least one

of her visited experts recommends T, with price ¢ < v; (i) py = 1 if at least one of her visited

0f(p1)..-f(pr) _
p1)...f(pt)+(1=0)atg(p1)....g(pt) —

6 if all her visited experts recommend Ty with prices pi,...,pt € [bg, 7] .

experts recommends Ty with price p € [bg,by); and (i) py = a7

Since p; is either 0, 1, or 6, independent of ¢, we can simply denote a consumer’s belief by
. Given «, the price distributions, and belief i from Lemma 2, we can describe the optimal
sequential search rule of a searcher as follows. (1) She will accept an offer that recommends 7,
with price ¢ < wv. (2) She will accept an offer that recommends T, with price p <r =71 (u),
and r satisfies

r T v
0 [ r-pdF+1-0)a [ r-pdcE+a-0)0-a) [ (-adH @) =5 (19
by by bn
In the left-hand side of (14), which is the search benefit from visiting another expert, the first
term is the expected benefit from finding a lower price when ¢ = M, the second term is the
expected benefit from finding a lower price when 7 = m but the expert recommends T, and
the third term is the expected benefit from finding a lower price when 7 = m and the expert
recommends T,,,. Equation (14) says that at the optimal r the search benefit is equal to the
search cost (s).

So far, given experts’ strategy, we have derived the searchers’ (stationary) reservation
prices, under the presumption that they follow a reservation price search strategy. We now
argue that given experts’ strategy, it is indeed optimal for searchers to adopt a reservation
price strategy, which would be true if the search benefit is increasing in a sampled price under

both T}, and Th;. Suppose first that a searcher is recommended T,. Then, her belief is . = 0,
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and at the current offer {7}, ¢'}, her benefit from another search is

(1-a) [ (- aiH),
q<q’

which clearly increases with the sampled price ¢/. Next, suppose that a searcher is recom-
mended Tys. At the current offer {T)s,p'}, the potential complication is that as the sampled
price p’ increases, a searcher’s belief may change. In particular, if a lower p’ were associated
with a lower p, then the search benefit could be higher at a lower p’, because the lower u asso-
ciated with p’ would imply that with another search, it could be more likely for the searcher
to encounter an honest expert that recommends 7,,, with a lower price. Fortunately, given the
experts’ strategy, p is weakly higher for lower p’, which ensures that search benefit increases
in p’. Therefore, it is indeed optimal for searchers to adopt a reservation price search strategy
under both T,,, and Ty;.1°

Utilizing Lemma 1, we can simplify the left-hand side of equation (14) so that the equation

i1s rewritten as

@)= [ - pdF )+ -6 -a)C s, (15)
by
where r = r (a) satisfies (12). The search benefit 7 () in the above equation has an intuitive

interpretation.'® The first term, which we call the price benefit, is the benefit to a consumer
from finding a lower price if i = M. The second term, which we call the honesty benefit, is the
additional benefit from encountering an honest expert if ¢ = m: the consumer then expects
to pay a price that is lower by C' than under T);.

From (15), fbrf (r — p) dF (p) < s. It follows that 7§, > r, where r9, satisfies (2).1” There-

fore, if a consumer receives a recommendation for Ty with a price p € [by, by) < r, her updated

5We may consider each shopper’s expected value from having her problem solved, which depends on her
belief about her problem type, as her reservation price: after searching all experts, she will purchase at the
lowest price if it does not exceed her reservation price. For convenience, we sometimes also say that each

shopper adopts a reservation price in search.
Notice that « is endogenously determined. As we illustrate later, there will be a range of intermediate

values of s < 5 under which the equation holds.
Hence, if a consumer can observe her type, she will search with a higher reservation price for Ths than

when she is recommended Ty but cannot observe whether her type is indeed ¢ = M. In the latter case, there
is a chance that her true type is i = m and she will receive a lower price if encountering an honesy expert,

which motivates her to lower the reservation price.
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belief is 1 = 1 and she will pay for Ty, without searching further. Also, since v < w (as we
have assumed), the consumer will also pay for the treatment without further searching when
she is recommended T, with a price ¢ € [by,v] < r, under which her updated belief is p = 0.

To solve the equilibrium, it remains to examine how a* is determined in (15), where r and
the price distributions are all functions of «a. It is useful to note that an increase in « has two

opposing effects on the search benefit 7 () :

dr(a) ot () 87(&)&
do O« + or Ja (16)

lower honesty benefit(—)  higher price benefit(+)

An increase in « has a negative direct effect on the search benefit: As « rises, experts are more
likely to cheat, which reduces the honesty benefit of search, as can be seen from the first term
of (16). On the other hand, an increase in « has a positive indirect effect on search benefit:
As « rises, so does 7 = r (a), which in turn stochastically increases the equilibrium prices
under T; and hence also the price benefit of search, as can be seen from the second term
of (16). We next show that, depending on parameter values, 7 () can be a monotonically
decreasing, monotonically increasing, or U-shaped function of «. The result below refers to C

and & defined by

A_(1—¢)AN(N—1)U 4o C1—0)(1—)) 72
“= (1=0)1—-X) (vAN(N—l)(1—¢)> ) (17)

where ¢ < 1 is given by (4) and & is defined only if N > 2.

Lemma 3 The search benefit function in (15) can be written as

1— A+ ANV
11—\

(o) = (1 —¢) v+ (1-0)(1—a)C. (18)

For all o € (0,1): when C > C, 7 (a) monotonically decreases; when C < C, 7 (o) monotoni-
cally increases if N = 2, but it first decreases and then increases—minimizing at & € (0,1)—if

N > 2.

Proof. By the argument leading to (3) and from (12),

/b%_p)dF(p) — - O)(1-¢)

!
v(l = A+ ANV

- (-9t
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Hence, the search benefit in (15) can be rewritten as (18), which is clearly positive. We then

have
AN(N —1)aN—2

(@) = —(1-0)C + (1 - ¢) T v (19)

and
AN(N —1)(N —2)aN =3
-\

(@) =(1-9¢)

v >0,

where the weak inequality holds strictly if N > 2. Hence, 7 («) is a (weakly) convex function.
When C > C, 7/(a) < 0 for all & € (0,1). When C < C, 7/(a) > 0 for all @ € [0,1] if N = 2;
but if N > 2, 7(«) is minimized at

1

. C(1-0)(1-)\) N3 C(1—0)(1— 1) m_l
a_((l—qﬁ)AN(N—l)v) < (1—-@)AN(N —1)v o

Obviously @ > 0. m

To see the intuition about how 7 (a)) varies, we notice first that the honesty benefit is
higher if C is larger (and it is independent of N). The price benefit is independent of C' but
depends on the number of competing experts. Therefore, if C' is sufficiently large (C' > C for
given N), then when « increases, the reduction of the honesty benefit dominates, and hence
7 () is decreasing.

Second, similar to Stahl (1989), the price benefit of search is high when prices are (stochas-
tically) high. When « is higher, so are » = r () and prices. Hence, when C' < C and as
« increases, the price benefit of search dominates the reduction of honesty benefit either if
N =2orif N >2and a > &, so that 7 («) is increasing; but the price benefit is dominated
if N> 2and a < @&, so that 7 () is decreasing. Notice that when C' < C, the shape of 7 («)
depends on N, because N affects the equilibrium price distribution and hence also the price
benefit of search.

Figure 2 below illustrates how search benefit 7 («) varies with a.
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Figure 2: Search benefit 7(«) varies with a.

(Parameter values: A =0.3,0 = 0.5,v = 0.8.)

We are now in a position to fully characterize the hybrid equilibrium. Define

¢ = . ) 20
5 a?[é‘,ﬁf(a) (20)

By Lemma 3, when C > C, 7 () decreases in a and thus § = 7(1); when C' < C and
N =2, 7 (a) increases in o and thus § = 7(0); but when C' < €' and N > 2, 7 («) is minimized

at & € (0,1) and thus § = 7 (&).

Proposition 1 Suppose that § < s < max{7(0),7(1)}. There exists a hybrid equilibrium,
where o € (0,1) and r* satisfy (12) and (15). Moreover, o is unique if C > C or if C < C
and N = 2; while o may have either one or two values if C < C and N > 2. Each expert’s
equilibrium strategy is: for i = M, recommend Ty and price from F(p); for i = m, recommend
Ty and price from G (p) with probability o but recommend T, and price from H (q) with
probability 1 — a*. Searchers sequentially search experts with reservation prices v* for Thy and

v for Thy,.
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Proof. The equilibrium strategies of the experts and consumers follow directly from the
construction of the equilibrium. Thus, it suffices to show the existence and possible uniqueness
of (a*,r*). We consider in turn three possible cases.

(i) When C > C, () decreases in o for all o € (0,1) by Lemma 3. For 7(1) = § < s <
7(0), there is a unique a* € (0,1) such that 7(a*) = s, and the unique equilibrium 7* is then
given by (12) with a = o*.

(iil) When C < C, by Lemma 3, if N = 2, 7(«) monotonically increases, and hence for
7(0) = § < s < 7(1), there is a unique a* such that 7(a*) = s, and the unique r* is then
given by (12) with o = a*.

If N > 2, 7(«) first decreases and then increases, reaching its minimum at & € (0,1).

Then
(1—X+ANaN
1-X

v > 0.

»>

=7(6)=(1-0)(1—a)C+(1—0¢)

If min {7(0),7(1)} < s < max {7(0),7(1)}, there is a unique a* such that 7 (a*) = s; whereas
if $ <s <min{7(0),7(1)}, there are two values of o*, o € (0,&) and o € (&,1), such that

T(af)=sand 7(03) =s. m

The hybrid equilibrium has several notable features. First, each expert randomizes be-
tween recommending Ty; and T, for m, with the corresponding prices drawn from different
distributions. While probabilistic cheating is a familiar equilibrium feature in the credence-
goods literature, it is usually accompanied by random rejection of an expert’s offer by con-
sumers (as in the early contribution of Pitchik & Schotter (1987)). In our model, consumers
adopt pure strategies, and an expert’s indifference between honesty and dishonesty in equilib-
rium is due to the competition with other experts to balance the incentives to attract shoppers
and to exploit searchers. Second, a price in the interval [bf,by] indicates that the problem
is M while a price in the interval [by,*] indicates the problem is M only with prior belief
0. Hence, here a lower price for Tj; can be a signal of high quality advice, namely that the
expert is being truthful. Third, there is a gap between H (p) and G (p): by = v + C, so that
the prices for Th; when ¢ = m are higher than the prices for T, by at least C. This is because

under our assumption of verifiable treatment, when recommending T} for m, an expert needs
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to incur C' and will thus generally charge a price that is higher by more than C' than the price

when recommending 7T;,.

4. EFFECTS OF SEARCH FRICTIONS

In this section, we study how search frictions affect equilibrium cheating probability and

prices at the hybrid equilibrium. For this analysis, we assume § < s < max {7(0),7(1)}.

4.1 Effects on the Cheating Probability

We are interested in whether under lower search frictions, in the sense that s is lower or A is

higher, competition by experts would reduce cheating in the market, with a lower a*.

Proposition 2 Suppose that o* € (0,1). Then, o* increases in s and decreases in X\ if

a® > af, but a* decreases in s and increases in A if af < af, where

min{&, N -2} if C<C
1 if ¢>C

and 0 < a® <1 ifC < C and N > 2.

Proof. From (15) and (18), the equilibrium expert cheating probability (a*) and search cost
(s) satisfy consumers’ optimal search rule: 7 (a*) —s =0, or

v(l = a*Nfl
¥ (ats) = (1— ¢) (I—-=XA+ AN )

+(1-0)1—a")C—s=0.

1—A
We have %—f =-1<0,
ov 0pv(l — X+ ANa*N-1) Na*N-1
S 1— @) v >0
ax " ox [ =@ >

because g—f < 0, and

ow VAN (N — 1)a*N =2

_ (1—-@)AN(N —1)
8&*_(1_¢) 11—

~(1-6)C<0 if C>C= (1-0)(1-2N)

When C < C, gg‘éli > 0if N =2, while if N > 2, with & as defined in (17), we have

8\Ij<()ifoz*<ol and 8—\I]>O if &a<a* <.
da* Oa*
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Therefore, when C < C and either N = 2 or o* > &, which is equivalent to a* > aF,

da* ov da* ov
_ _Js _ ___0A

o5~ v >0, N T v < 0;
da* da*

whereas if C > C or if C < C but N > 2 and o* < &, which is equivalent to a* < af,

da* oo™

Moreover, since & € (0,1), a¢ € (0,1)if C <C and N > 2. m

At the hybrid equilibrium, if expert cheating in the market is pervasive enough (a* > af),
increased competition due to lower search frictions can discipline experts, as one might expect.
Surprisingly, if cheating is rare enough in the market (a* < o), lower search frictions actually
increase expert cheating (i.e., o* rises).

To see the intuition for these results, first notice that as A increases, there are more
shoppers in the market who will purchase from the lowest-priced seller, and offering 7;,, for
1 = m is more likely to have the lowest price if more experts are currently cheating by offering
Ty for m. Hence, if the cheating probability in the market is currently above a critical level
(a* > af), a higher A makes it relatively more attractive for an expert to be honest, decreasing
equilibrium cheating probability a*; whereas if the cheating activity is currently below the
critical level, competition for honest experts who offer T;,, for m will be relatively more intense,
and a higher A increases the attractiveness of cheating, leading to a higher a*.

Next, suppose that at a hybrid equilibrium with some (a*, 7*) there is a marginal decrease
in search cost s. This will have similar effects on experts’ cheating as an increase in A, but
through somewhat different mechanisms. When o* > o€ cheating is sufficiently common in
the market, and the lower s leads to relatively more competition for dishonesty experts, as
reflected by a reduction in the searchers’ reservation price for Ty but not for 7, (i.e., r* falls
but r¥ = v is unchanged). This motivates experts to be more honest, resulting in a decrease
in a*. On the other hand, when o* < af, cheating is sufficiently uncommon in the market,
and the decrease in s leads to relatively more competition for honest experts who recommend
T, for m, as reflected by a rise in 7* while 7}, = v is unchanged, causing r7, /r* to fall. This
motivates experts to cheat—recommending T instead of T}, for m—more, resulting in an

increase in o*.
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Notably, critical value a“ depends on C, the additional cost for the major treatment, and
it may also depend on N. Specifically, as Lemma 3 indicates, when C' > C, the loss in the
honesty benefit of search from a higher o« dominates so that search benefit 7 (a) monotonically
decreases in . Then, when s falls, a* always rises to restore optimal search, and in this case
a¢ = 1. On the other hand, when C < €, if N =2 or if N > 2 and o > &, the gain in the
price benefit of search from a higher o dominates so that 7 («) increases; whereas if N > 2
but a < &, the honesty benefit again dominates so that 7 («) decreases. Hence, if C' < C,
a®=min{a, N -2} <1.

The results in Proposition 2 suggest that the effects of search friction on expert behavior
are rich and nuanced: they reflect complex interactions between experts’ cheating probability,
consumers’ reservation price in sequential search, and experts’ prices. Importantly, the opti-
mal strategy of an expert or a consumer is determined by equilibrium considerations: each is
optimal for the player given the strategies of all other market participants. Moreover, there
is complementarity among experts’ cheating incentives in the sense that when other experts
increase (or decrease) their cheating probability, searchers have a higher (or lower) reservation
price when being recommended the major treatment, which in turn increases (decreases) each
expert’s cheating incentive to recommend Ty, for ¢ = m.

Since o becomes higher as N increases from 2 to 3 when C' < C, Proposition 2 indicates
that reductions in search friction can adversely impact expert behavior when there are more
sellers in the market. More generally, for given values of A and s, it can be shown that an
increase in the number of sellers can increase both expert cheating and prices. The intuition
for this is somewhat similar to that in Stahl (1989) where sellers compete only in prices: as N
rises, it becomes less likely to be the lowest-priced seller for an honest expert that offers T;,
for m, which provides incentives for experts to increase cheating and raise prices. However,
in our model experts also choose product offerings (i.e., recommendations), and the cheating
incentive is influenced also by the magnitude of C' (the cost of T)s) and of o* (which depends
on search friction). Therefore, unlike in Stahl (1989), where an increase in the number of

sellers always stochastically increases prices, in our model the cheating probability and prices
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can be either higher or lower as N increases, depending on parameter values.'®

4.2 Effects on Equilibrium Prices

To examine the effects of search frictions on equilibrium prices, it is convenient to denote the
equilibrium price distribution when ¢ = m as

(I-—a)H(p) if pE€ [bnv]

®(p) = l-a if pe(v,by)

l—a+aG(p) if pé€lbg,r]
Since H(v) = 1, G(by) = 0, and both H(p) and G(p) increase in p, ®(p) is continuous and
weakly increases in p. Moreover, ®(r) =1 —a+ aG(r) = 1, and ®(by) = (1 — a)H(by) = 0.
Therefore, ®(p; ) is a continuous c.d.f.

The following lemma is helpful for understanding the comparative statics on prices.

Lemma 4 Both F (p) and ® (p) decrease in c.

Proof. First, from (12), r increases in «. From (7), 81;7(]9 ) <0 and thus

OF(p) _ OF(p) or

Oa or O« <0
Second,
(r=p)(A=N]~"
1—a+o¢G(p):17 |:(])—CWV fOI' pe[bg,r],

which decreases in r and thus decreases in a. From (11),

1

v(l =X+ ANV 1—/\} N-1

— fi
o —~ or p € [bn, o,

(- o) =1~ |
which decreases in . ®m

Lemma 4 indicates that equilibrium prices are increasing in « in the sense of first-order
stochastic dominance (FSD). Notice that F'(p) and ® (p) depend on s only through « from
(12) and (15). Thus, from Proposition 2, as s increases, o and hence equilibrium prices are

higher if a* > o but lower if a* < a“. We thus have:

8The precise conditions for the effects of N are rather tedious. We thus choose not to include them in the

paper, to avoid distractions from our focus on the effects of search friction.
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Proposition 3 Suppose that prices are compared in the sense of FSD. Then, at a hybrid
equilibrium, as search cost increases, both equilibrium prices and cheating probabilities are

higher if a* > af and both are lower if o* < af.

The effects of search cost on equilibrium prices and cheating probabilities are connected
in interesting ways: they either both fall or both rise as search friction increases. Intriguingly,
in an expert market, a reduction in search cost can hurt all consumers when the current
level of expert cheating is relatively low, because in this case lower search cost will increase
competition relatively more for honest experts and thus motivate experts to increase the
frequency of recommending T}y for m, resulting in a higher o*. This in turn reduces consumers’

search incentive, leading to higher equilibrium prices.

5. SEPARATING AND POOLING EQUILIBRIA

When search cost is sufficiently low or high, the model has equilibria that differ from the
hybrid equilibrium.

5.1 Separating Equilibrium

When search cost is sufficiently low, there is a separating equilibrium where all experts rec-
ommend 7T; for ¢ € {M,m}. At the equilibrium, experts will recommend T}, for i = M with
prices drawn from Fj (p) given by (1), and searchers who are recommended T3, will search
with reservation price 7§, given by (2); whereas experts will recommend T5,, for ¢ = m with
prices drawn from F), (p) given by (1), and searchers who are recommended 7}, will search
with reservation price r?, = min{v,w}.

To establish the equilibrium, it remains to show that no expert can benefit from choosing
T = Ty for i = m. Suppose that a searcher with ¢ = m, who is willing to pay p = r{, for
T, visits such a deviating expert and mistakenly believes that her problem is ¢ = M. Since
other experts will still recommend T, for i = m and price according to F, (q), resulting
in stochastically lower prices than under F); (p), the deviating firm is less likely to sell to

shoppers than the other experts. This implies that the most profitable deviation is for the
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deviating expert to offer T' = T's for i = m with price p = r{,. The expert’s profit under this
deviation is
1—A

(TM_C) N )

whereas his profit when following the equilibrium strategy is

1-A

o

TmiN .

Hence, the separating equilibrium can be sustained if and only if
ry, >r4 —C.

Proposition 4 If s < v (1 — ¢), there is a unique symmetric equilibrium in which experts
are honest (a* = 0). Equilibrium price distribution and optimal consumer search rules are

the same as in the case where consumers can observe i € (M, m).

Proof. When v > w, 72, = w, which is determined by (6). Since

s s
ryy=C+-—— and w=——,

—¢ 1-¢
experts receive the same profit from recommending Ty or T, when ¢ = m. Hence recom-
mending 7T; for i € {M, m} is optimal for experts.
Notice that w increases in s, and w = v when s = v (1 —¢). Thus, if s > v (1 —¢),

r9, = min{v,w} = v < r, — C. In this case, experts would deviate to recommending T, for

G
¢ = m with price r{, .
Therefore, if s < v (1 — ¢) and w solves (6), then there is a symmetric separating equilib-

rium in which o* = 0, and the equilibrium is unique because F; (p) is unique. m

Although the market in our model has search frictions, Proposition 4 indicates that if
search cost is low enough, competition can effectively discipline experts so that they will all
behave honestly.'? Intuitively, as s becomes small, the price distribution H (¢) shrinks so that

its upper bound becomes 7, = w, under which the expected profit under 7;,, is the same as

9Notice that in our model a fraction of consumers have no search cost. If all consumers have a positive
search cost, then the Diamond (1971) result holds: no matter how small the search cost is, experts will charge

the monopoly price 0V + (1 — ) v, and the separating equilibrium does not exist.
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that under Tj;. Experts will then have no incentive to offer Th; for m. Recall that ¢ is lower
when A is higher or N is lower, and ¢ — 1 as A — 0. Hence, the region of parameter values
under which the separating equilibrium prevails is larger when A is higher or NV is lower, but
the region vanishes as A — 0. This confirms that the presence of shoppers who can search
without cost is essential for the existence of the separating equilibrium.

A key insight in the literature on credence goods is that experts will provide honest
recommendations if there are equal markups for Ty and T,. Our result extends this insight
to situations under mixed-strategy pricing with consumer search: the experts will behave
honestly when they expect to receive the same expected profit from T and T, for problem
m. Notice that from (18) and (20), min {7 (0),7(1),5} > v (1 —¢).

Proposition 4 also extends Stahl (1989) to expert markets: When s is sufficiently small,
experts will price and consumers will search in the same ways as in Stahl (1989), even though—
unlike in Stahl—here consumers do not observe the value of the service they receive. Moreover,
as s — 0,79, =C+ ﬁ and w = ﬁ approach C' and 0, the respective marginal costs for
Ty and Ty, Hence, same as in Stahl (1989), the Bertrand outcome is the limiting case of our

model of expert markets when search cost tends to zero.

5.2 Pooling Equilibrium

When search cost is high enough, experts will always cheat, which yields a pooling equilibrium
where experts always recommend Tj; and follow the same pricing strategy for i € {M,m}.
Similar to the result in Lemma 1, experts would then price according to F(p) and G(p)
respectively for i = M and i = m, which have the same upper bound. Setting & =1 in G (p),
we have by = by and G (p) = F'(p) = Fu (p). The equilibrium upper bound for the common
price distribution is then 74,, as given by (2).

At the proposed pooling equilibrium, if an expert deviates to T}, when i = m, it can save
cost C' and potentially capture all shoppers. The expert’s optimal deviating price in this case
is v, while he still prices according to Fis (p) if i = M. If s is high enough, such a deviation

would not be profitable because the price reduction to v would be too large.
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Proposition 5 If7(1) < s < 5= (1-9¢)[0V+(1-0)v—C], there is a symmetric equilibrium

*

in which experts always recommend Ty; (i.e., a* = 1) and price according to Fur(p) for

i € {M,m}. All searchers will search with reservation price r$, < [0V + (1 — 0)v].

Proof. At the proposed equilibrium, each expert’s profit is

. 1- A

If an expert deviates to offering T, for ¢ = m with p = v, his profit is

1-—A
A+ —).
v(A+ N)

Therefore, the equilibrium can be sustained if and only if

s 1—A+ AN
o = > _—
TM C+1_¢_C+ 1_)\ v,
or
1-— 1—-A+ AN
SZ( ¢)(1_>\+ )'U:T(l).

In addition, to ensure the existence of the reservation price, we need r$, < [0V + (1 — 0)v],
which is equivalent to

s<(1—=9¢)V+(1—-0)v—-C] =5,
which holds under assumption (5). Notice that 7 (1) < 5§ when V is sufficiently large. m

Intuitively, if s is high enough, search benefit is likely below s, which means that searchers
have low incentives to search. Then, experts will charge high prices for treatment 7 (but a
price only up to v for treatment 7),). This motivates experts to always recommend T}, for
m in equilibrium (a* = 1), resulting in the pooling equilibrium. As s decreases, consumers
search more intensively, which imposes downward pressure to the prices for both treatments;
and when s is low enough, experts will cheat only with probabilities a* < 1, resulting in a
hybrid equilibrium. Notice that the hybrid equilibrium and the pooling equilibrium coexist if
7(1) < s < 7(0). When s is sufficiently low, v will not be a binding constraint for the price
of T,,,, and recommending T; for i« € {M,m} is then optimal for experts because they need

to incur C' without getting a much higher price from Tj; than from T},, making cheating not
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profitable. However, there may be a (small) region of s for which a symmetric equilibrium
fails to exist. Notice that for given s, 7 (1) < s holds if A is small enough. Hence, a pooling
equilibrium exists as A approaches 0, and in this case the outcome in Stahl (1989) is also a
limiting case of our model.

Notice that in the interior regions of s and A in which the separating or pooling equilibrium
exists, a marginal change in search frictions (either s or A) has no effect on o*, which is either
0 or 1. Hence, our results on the effects of search frictions on o, based on the hybrid
equilibrium, holds weakly at all equilibria of the model.

Finally, if we modify our model to assume alternatively that treatment is non-verifiable,
then it can be shown that neither a separating nor a pooling equilibrium would exist,? but a
hybrid equilibrium would. However, in this case the equilibrium price distributions for T3, and
T, under m will have no gap, because the experts would use treatment 7T,,,, without incurring
C, even when recommending Ty; for m.?! The waste of C' to treat a minor problem is then
avoided. Therefore, within our framework, if s is sufficiently small, in equilibrium experts will
behave honesty when treatment is verifiable but not when it is unverifiable, whereas welfare
is the same under the two alternative assumptions because in neither case experts would
incur C' for m. If s is higher, there is cheating in equilibrium under both assumptions. Not
surprisingly, experts are more likely to cheat and earn higher expected profits—but welfare is

weakly higher due to the avoidance of C for m—if treatment is not verifiable than when it is.

6. CONCLUSION

This paper has developed and analyzed a model of search and competition in expert
markets. We extend Stahl (1989) to introduce sellers’ private information about the appro-

priate treatment/service for consumers. The model shows that, due to search cost, for the

20In this case, at a candidate separating equilibrium, an expert would always deviate to recommending Ty
for m. At a candidate pooling equilibrium, Ths and T}, would have same prices. This would lead to different

expected profits under M and m because only T costs C, which would in turn invalidate the equilibrium.
21The analysis is lengthy but largely parallels the analysis when treatment is verifiable and also the analysis

in Janssen et al. (2011). We thus omit the detailed analysis under this alternative assumption.
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same problem consumers may receive divergent recommendations and prices from different
experts. Some experts may cheat by recommending an unnecessary treatment, and the dis-
honest experts also charge higher prices on average. Consumers search experts sequentially
under Bayesian belief updating and with an optimal reservation price for each recommended
treatment. The model further shows that search frictions can affect expert behavior non-
monotonically: as they decrease, expert cheating can fall if it already occurs frequently enough
in the market, but it can rise otherwise.

Despite the central importance of competition for economic efficiency, it is not surprising
that competition may not work well when sellers possess superior product information relative
to consumers. A novel insight of this paper, however, is that search cost can be a greater
barrier to effective competition in expert markets. In fact, in our model if search cost is below
some critical level, competition will drive all experts to make honest recommendations, and the
equilibrium outcome coincides with that of Stahl (1989). Thus, a clear way to achieve efficiency
gains from competition in expert markets is to make consumer search sufficiently convenient,
even if it does not entirely eliminate search cost. However, in practice, because search cost
may often be relatively high and its (marginal) reductions can—as we have shown—have non-
monotonic effects, the role that competition plays in disciplining expert behavior is likely to
be limited. This sentiment is echoed further by our finding that increases in the number of
competing experts can result in more cheating.

Although not considered in our model, many products in expert markets may not be pure
credence goods, in the sense that there is a (small) probability that a dishonest expert will
be found to have been untruthful. Extending our model to include such a possibility will
not change the analysis and results if consumers have no recourse ex post after detecting
an expert’s cheating, but it suggests that regulations can improve the performance of expert
markets. For instance, regulators may be able to promote or set higher standards for profes-
sional conduct, inspect or gather information about the works performed by experts, and warn
consumers about dishonest experts, especially when experts may interact with different con-
sumers over time but each individual consumer lacks the knowledge about them. Regulations

may also impose legal liability for unethical practices, as for instance in medical practices.
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By showing the limits to effective competition in expert markets due to search frictions, our
paper suggests the need for regulation in such markets, even when they may appear to be

highly competitive with numerous providers.
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