~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Ahorner, Solveig

Conference Paper
The Influence of Physician Rating Websites on the Quality
of Primary Care

Beitrdge zur Jahrestagung des Vereins fur Socialpolitik 2023: Growth and the "sociale Frage"

Provided in Cooperation with:
Verein fur Socialpolitik / German Economic Association

Suggested Citation: Ahorner, Solveig (2023) : The Influence of Physician Rating Websites on the
Quality of Primary Care, Beitrdge zur Jahrestagung des Vereins fiir Socialpolitik 2023: Growth and
the "sociale Frage", ZBW - Leibniz Information Centre for Economics, Kiel, Hamburg

This Version is available at:
https://hdl.handle.net/10419/277615

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/277615
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

The Influence of Physician Rating Websites on the
Quality of Primary Care *

(Preliminary. Please do not cite without author’s permission.)

Solveig Ahorner’

February 24, 2023

Abstract

This paper examines the influence of ratings from former patients on the treat-
ment quality chosen by a physician. I analyze a dynamic game in which a primary
care physician can choose between a costly high treatment quality level or a free low
quality level. Myopic patients with heterogeneous quality preferences can decide
on whether to seek help from a physician. The quality level is not observable, and
the patients have a belief whether the doctor is competent and able to offer the
high quality. Patients rate the doctor on a Physician Rating Website and update
their belief after every rating. By investing in high quality, the doctor can increase
the patients’ belief and thereby the expected demand. A negative rating decreases
the patients’ belief. In the pure strategy equilibrium, a doctor with a sufficiently
high discount factor who is able to offer high quality will invest in providing costly
high quality treatment instead of free low quality treatment for the patients if the
belief of the patients is high enough and ratings are implemented. I furthermore
analyze a mixed strategy equilibrium. If the discount factor is sufficiently high, the
competent doctor exerts the high quality with positive probability depending on
the belief. In equilibrium, the doctor can receive a finite number of negative ratings

before instead exerting the low quality if the belief becomes too small.
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1 Introduction

How can the interaction between physicians and patients benefit from online platforms
that allow patients to report their satisfaction with a physician’s treatment through a
rating system? A Physician Rating Website (PRW) provides the opportunity for a physi-
cian’s former patients to rate their experience with this doctor and makes the resulting
scores accessible for both doctors and patients. Ratings are accumulated into scores and
physicians can be ranked by that score. Some examples of PRWs from Germany are
jameda.de, sanego.de or aerzte.de and ratemds.com provides ratings from several coun-
tries including Canada and the United States. Those platforms allow patients to report on
satisfactory factors extending beyond clinical outcomes. And physicians who are offering
a high quality of treatment that satisfies a lot of patients can build an attractive reputa-
tion. For example, Ghose, Ipeirotis, and Li (2014 )| show that subjects in an experiment
click on top-ranked experience goods significantly more than on lower ranked ones. A
relationship of trust is important between primary care physicians and their patients.
Physicians are interested in customer-oriented health care management and patient sat-
isfaction. The assessment of patients’ experiences is seen as a powerful instrument in
this procedure, as explored by Bidmon et al, (2020), The importance of interpersonal
skills in an environment of limited time and budget is increasing: Including patients as
a responsible and informed party into the process is the current goal in reforming the
health care sector.

I analyze the effect of patients rating the treatment by a physician on a Physician
Rating Website. In a dynamic setting where one doctor can be visited by different myopic
patients, a situation without ratings is compared to a situation with ratings with respect
to the quality with which patients are treated by the physician.

First, a basic model without a platform for rating physicians is introduced as a Bench-
mark in which patients cannot learn whether former patients were satisfied with the treat-
ment they received from the physician. I then develop a dynamic model in which rating
of physicians by former patients takes place. A physician can be either a competent or
incompetent type doctor and patients form a belief about the physician’s type based on
the ratings. Depending on said type, the doctor can either strategically choose between
offering high or low quality or always offers the low quality. The game is repeated in-
finitely and each period a patient who decided to visit the doctor informs future agents
whether the treatment was satisfying by rating the doctor on a Physician Rating Website.
Patients update their belief after every rating.

Patients take into account their belief when making their decision about getting
treated. The expected demand of the doctor is dependent on the belief of the patients.
By investing in the high quality, the doctor can positively influence the patients’ belief

and thereby increase the expected demand. On the other hand, the doctor can exploit



a patient for short-term profit by offering the low quality. This will result in a negative
rating which negatively impacts the expected demand in future periods.

In the Benchmark model, both types of the doctor always exert the low quality. If
the doctor exerts the costly high quality in one or more periods, patients in the following
periods do not learn if this was the case. Investing in the high quality therefore has no
positive effect on the expected demand. Patients also do not learn if the doctor exerted
the low quality, which causes no cost for the doctor, in previous periods. It is therefore
always profitable for the doctor to save cost and offer the low quality. Patients anticipate
the doctor’s strategy and never visit the doctor.

In the model with ratings, depending on the doctor’s discount factor and if the belief
of the patients is high enough, the competent doctor chooses to exert the high quality in
every period. The doctor now faces a trade off between reducing the cost and investing in
the belief. Patients rate the doctor after their visit and the belief is updated after every
rating. Investing in the high quality increases the belief. This in turn has a positive effect
on the expected demand. If the belief of the patients is high enough, the doctor has an
incentive to invest in reputation. This constitutes a threshold value for the belief that
determines the equilibrium region in which the doctor exerts high quality. Otherwise, the
doctor exploits the first patient who visits for the immediate payoff and offers low quality
to save cost. After this patient rates the doctor, the belief decreases and patients do
not visit the doctor. Furthermore, the rating platform allows for patients to eventually
learn the true quality of the doctor. This mechanism is an incentive for the competent
type to not be mistaken for the incompetent type doctor. Thereby, the introduction of
ratings ensures that there exists an equilibrium region in which the doctor exerts the high
quality. The ex ante expected profit of the doctor and the ex ante expected utility of the
patients is then higher in the model with ratings than in the Benchmark.

I furthermore analyze an equilibrium in mixed strategies. The competent doctor
chooses to play the high quality with a certain probability and the low quality with
complementary probability. Investing in the costly high quality with higher probability
increases in turn the probability that the belief increases and results in an increased
expected demand. If the doctor on the other hand exerts the free low quality with higher
probability, this decreases the expected cost. But the resulting bad rating has a negative
influence on the belief and thereby decreases the expected demand. In equilibrium, the
doctor can exert the low quality for some periods before the belief decreases too much. If
the belief is too small, the doctor will exert the low quality in every period. The patients
will anticipate that they will be treated with the low quality in every period and no longer
visit. The doctor chooses the probability to balance the cost of the high quality and the
potential decrease in expected demand after a negative rating. For smaller values of the
belief, the doctor exerts the high quality with a higher probability. Depending on the

discount factor and the belief of the patients, there exists a finite number of equilibrium



regions in which the doctor exerts the high quality with a different positive probability

in dependence of the patients’ belief.

2 Related Literature

This paper is related to different strands of the research on reputation, health economics
and medical literature.

Applied work finds that Physician Rating Websites play an increasingly important
role for both patients and doctors’ practices. Empirical work by Emmert, Sander, and
Pisch (2013), Okike et al| (2016) and Emmert, Meier, et al| (2013) has found that PRWs
become more important for the decisions of potential patients in the process of health
care utilization. Bidmon et al. (2020) find that PRWs are also seen as a competitive
advantage on the medical caretaker’s side of the market. Due to the business model
of PRWs, especially them possibly also functioning as advertising platforms or allowing
for doctors to influence ranking in exchange for payment, their impact is not seen as
unconditionally beneficial for health care utilization decisions according to Rothenfluh
and Schulz (2018) and Mulgund et al| (2020). Xu, Armony, and Ghose (2021)|and Chen
and Le¢ (2021) show how social media platforms can help with understanding patient
choices in health care and that user-generated physician ratings are positively associated
with important conventional measures of clinical quality.

The interplay between quality of care and demand for health care providers and its
implications for design of optimal health care policies is frequently discussed in theoret-
ical and empirical research. Gaynor, Ho, and Town (2015) provide a literature overview
that, among other factors, also focuses on quality determination with market determined
prices. Gravelle and Masierg (2000) model general practitioners in a system adapting
from the British National Health Service competing via imperfectly observed quality.
They find that while more competition can lead to quality improvements, imperfect in-
formation negatively impacts quality. The potential impairment on the effect of quality
differences on demand changes in information was for example as well studied by Gravelle
and Sivey (2010)l In Godager, Iversen, and Ma (2015)| the interplay of intensified com-
petition in the physician market on physician’s behavior is modeled theoretically. The
paper furthermore presents empirical results that suggest that competition has negligible
or small positive effects. Without the emphasis on reputation, empirical evidence for
example by Dunn, Shapiro, et al] (2012) or Alexander (2020) suggests that physicians
react to competition and financial incentives.

In an experimental framework, Reif, Hafner, and Seebauer (2020)|study the provision
behavior of physicians under different payment systems and show that direct financial
incentives have an influence on the physician’s behavior. Galizzi and Wiesen (2018)

present and discuss experimental literature in a comprehensive review of behavioral ex-
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periments in health economics. Among other popular research areas, they also review
research concerned with the influence of physician’s payment or physicians’ reputation
among their peers have on physician performance, as well as misbehavior of physicians
such as upcoding to a more lucrative diagnosis.

Such inefficiencies that may arise from information asymmetries in settings where
customers heavily rely on the advice of experts, just as patients have to trust a physician,
is more broadly studied in the credence goods literature. Those goods, for which the
assessment of the value of credence qualities requires additional costly information even
after the purchase, were introduced by Darby and Karni (1973). Mimra, Rasch, and
Waibel (2016 )| experimentally investigate the role of reputation in credence goods mar-
kets under different intensities of price competition and different reputation mechanisms.
They find that price competition undermines reputation-building and promotes under-
treatment of patients. Furthermore they find that the level of overcharging is weakly
significantly lower if information on prices, treatment and payoffs is publicly available
compared to if patients only know their private history with a physician.

Szech (2011) finds that competition between doctors in quality and prices does not
induce high quality treatment. In this theoretical approach, perfectly informed competing
doctors choose their treatment quality and prices. Patients rely on anecdotes about a
former patient’s satisfaction with a doctor’s quality and observe prices set by the doctors
in the market. Doctors face a trade off between attracting fewer patients with a low
quality and facing more intense price competition with high quality.

More generally, the influence of reputation on the quality of a product or service is
frequently researched in different empirical and theoretical approaches. Tadelis (2016)
gives an overview over research on different reputation and feedback systems for online
marketplaces. Elfenbein, Fisman, and McManus (2015) analyze the effect of eBay quality
certifications in a setting with fixed prices and public feedback. A comprehensive review
of different extensions on a model with reputation formation using the repeated game
setting can be found in Mailath and Samuelson (2006). In a model, in which good and
bad firms choose their effort level and prices, Horner (2002)| analyses the influence of
reputations. Consumers observe the loyal consumer base and prices of a firm and form
a belief over the types of firms. This model is then extended by allowing both entry
and exit of firms. Good firms always exert high effort and consumers quit trading with
a firm as soon as they experience a bad outcome. This can force good firms out of
the market. Mailath and Samuelson (2001)| study the influence of a good reputation on
a firm’s success and the value firms attribute to a good reputation. Long-lived firms
face a trade off between short term profit from costless low effort or higher long term
profit that requires costly high effort. Myopic consumers repeatedly purchase from the
firm and receive noisy signals on the firm’s effort choice. Prices are not fixed but tied

to the consumers’ expected utility. The key ingredient of their reputation model is the



possibility that a competent firm might be replaced by an inept firm that exploits the
good reputation. They find that competent firms try to distinguish themselves from
inept firms by exerting high effort. Competent firms buy an average reputation to build
it up while inept firms purchase either low or high reputation. Tadelis (1999) analyses a
competitive model of agents who differ in their probability of exerting high quality and
who are employed by clients. Most agents can unobservably and costlessly change their
name to clear a bad reputation or buy a reputable name of another firm that exits the
market. The clients cannot determine whether an agent is responsible for that reputation
or whether it was bought. Clients change their willingness to pay for the agent’s service
due to updated beliefs. He finds that both good and bad types of agents will buy reputable

names and clients’ beliefs are updated downwards after bad performance.

The analysis presented in my paper focuses on an environment in which the cost of
a visit to the doctor, that patients have to bear, is covered by a health care insurance
similarly to the German health insurance system. Whether or not a patient decides to
visit a doctor therefore involves no additional cost. Consequently, prices are set adminis-
tratively and there is no price competition between competing physicians. Furthermore,
every patient who decides to visit the doctor generates the same revenue for the physician.
Instead of implementing word of mouth or other forms of anecdotal evidence or noisy sig-
nals, information about the experiences of former patients become accessible through
ratings that are publicly shared with both patients and the doctor. The platform or
Physician Rating Website where those ratings are shared is not modeled as an additional
player. Instead it is implemented only indirectly by making the ratings available to the
players in the model.

Specifically, a setting with a monopolistic doctor who is able to treat one myopic
patient per period is analyzed. Therefore, there also is no excess demand that the doctor
may not be able to satisfy. Patients do not specifically face congestion cost. But they
are drawn from a distribution over heterogeneous types which provides them with a
different utility they receive without treatment from the doctor. The expected utility of
the patients from getting treated by the doctor is dependent on their belief. Patients
have a prior belief if the doctor is competent or incompetent. They update their belief
after every period, taking into account the ratings if they are available. Patients who
are unsatisfied with their treatment’s quality give a negative rating and satisfied patients
leave a positive rating. The belief increases with a positive rating and decreases with
a negative rating. The expected demand for the doctor’s treatment is depending on
the patients’ belief. Therefore, by investing in the high treatment quality that induces
positive ratings, the doctor can influence the belief positively and increase the expected
demand.

The contribution of this paper is in providing an analysis of the effects that ratings by

former patients of a physician that are publicly displayed have on the treatment quality



provided by the doctors in a market with fixed prices.

The rest of paper is organized as follows. Section [3|introduces a Benchmark model in
which patient do not have access to ratings of a physician’s former patients. In section
a model is analyzed in which former patients publicly report if they were satisfied with
the treatment they received from a doctor through a rating platform. I analyze equilibria
if the doctor plays a pure strategy (section ) and a mixed strategy (section . For
the latter case, a simulation of possible equilibrium regions and the resulting dynamics
of the probability choice of the doctor induced by the belief updating is performed and
evaluated. The two models are compared. Furthermore, the ex ante expected profit of
the doctor and ex ante expected utility of the patients from the Benchmark and the
rating platform model is compared for both the pure strategy and the mixed strategy
case. In section [}, the theoretical results are discussed and compared to empirical findings
from the literature on feedback systems and physician ratings in particularly. Sections

concludes the results and discusses further research proposals.

3 Benchmark

Consider an infinitely repeated game between one doctor and a myopic patient drawn
every period from a distribution of heterogeneous types. The doctor can be either of type
H who can choose between exerting a high quality level qg at cost ¢ or a low quality
level g7, at no cost before every period. Or the doctor can be of type L who will always
play the low quality level ¢;, in every period of the repeated game without costs. The
type is private information to the doctor and drawn by nature before the beginning of
the game. The doctor earns a revenue of w for every patient who decides to get treated,
independent of whether the patient is satisfied or not. Period profits are discounted with
d € (0,1). Patients do not know the true type of the doctor, but instead have a belief 7
about the type of doctor.

A patient is characterized by parameter o, where « is continuous uniformly distributed
on the (0,1] interval, o ~ Ug). The parameter a describes the base utility a patient
receives without treatment from a physician. Patients are sick by default and need medical
treatment by a doctor. They cannot treat themselves. If the physician offers treatment
quality ¢, patients derive utility ¢ if they visit this doctor.

The utility of a representative patient i of type «; seeking treatment of quality ¢ is

given by

U;(treatment) = ¢ (1)



and the utility of a representative patient ¢ of type «; not seeking treatment is:
Ui(no treatment) = «. (2)

Utility maximizing patients choose to visit a doctor who offers treatment of quality ¢
if a; < g. Patients who are indifferent between visiting a doctor or not, i.e. a; = ¢, are
assumed to seek treatment from the doctor![]

A monopolistic doctor who treats patients with quality ¢ gains a revenue w from every
patient who gets treated. Furthermore, the doctor has to pay costs c if ¢ = qy. If the
doctor offers treatment quality qr, there are no costs. The utility function of the patients
is known to the doctor.

Table [I] summarizes the period utility of a patient of type a when getting treated by
the doctor or when deciding against treatment and the period profit of a doctor from

exerting qg or qr.

patient \ doctor | qr qu
no treatment a, 0 a, —c¢
treatment qr, W | qg, W — C

Table 1: Period utility of a patient of type a and period profit of the doctor.

Every period, one patient is drawn from the distribution of types and decides whether
or not to visit the doctor while taking into consideration his own type, i.e. his base
quality in case of no treatment and the expected quality in case of treatment. Patients
and the doctor know the probability distribution of patients’ types but not the true type
of potential future or former patients. Patients know the probability my with which a
doctor of type H is drawn by nature.

If patients believe that the type H doctor is exerting q; in equilibrium, the expected
utility from getting treated is qr. Consequently, only patients of type o < ¢, are visiting
the doctor, independent of their belief 7. The expected period profit of a monopolistic
doctor is given by the difference between the expected revenue from w for every type of
patient who is expected to visit and the cost induced by the quality choice. As exerting
qr does not induce cost, in this case the expected profit of the doctor is ¢y - w. It is not
profitable for the doctor to exert ¢y instead because the expected profit from deviating
to qm is qpw — ¢ which is smaller than qr, - w.

Suppose patients believe that type H in equilibrium always exerts qg. The expected

utility of visiting the doctor of a patient 7 of type a; ~ U(g 1) who believes that the doctor’s

INote, that the exact appearance of the utility functions of the patients is less important than the
demand for treatments induced by it, i.e. that the demand is linearly dependent on the belief. Other
forms of the utility function which would yield the same results would be equivalent to the utility function
chosen here.



type is H with probability 7 is then given by
EU;(treatment) = mqy + (1 — 7)qL (3)

and the utility from not visiting the doctor is again given by «;. Consequently, type
@ who is indifferent between getting treated by the doctor and not getting treated is

characterized by
a=7(qg —qr) + qr- (4)

The expected period profit of the doctor is again given by the difference between the
expected revenue from w for every type of patient o < @ who is expected to visit when

the belief is m and the cost induced by the quality choice:

EIT(g) (m(ger —qr) +qr)w —c¢, ifqg=gqn 5)

(m(qu — qr) + qr)w, if g =qr.

The expected profit of playing gy is smaller than the expected profit from playing ¢y .
Therefore, in equilibrium, the type H doctor will always exert the low quality and patients
anticipate this.

Patients can not learn which quality the doctor is exerting. If the game is repeated,
patients who were treated can not communicate to future patients, which quality the
doctor did exert in previous periods. There is no incentive for the type H doctor to treat
patients with the costly high quality. As patients anticipate that it is profitable for the
doctor to deviate to the free low quality ¢, only patients who are satisfied with the low
quality will be choosing to visit the doctor in equilibrium, independent of belief 7. If
qr, = 0, the doctor is never visited. The results derived above are summarized in the

following proposition.

Proposition 1. The unique equilibrium is a Pooling equilibrium. Both types of the doctor

will exert the low quality in every period of the game.

The results from section [3] specifically from Proposition [1}, will from here on be referred

to as the Benchmark model or Benchmark setting results.

4 Physician Rating Website

In this section, the influence of a Physician Rating Website is analyzed in an infinitely
repeated game between one doctor and a patient drawn from a distribution of heteroge-
neous types every period who decides whether to visit the doctor. Patients do not know

the doctor’s true type. They rely on ratings former patients of the doctor left in previous



periods of the game to decide if they are going to visit the doctor and get treated by
the doctor. Those ratings display for every former patient who got treated whether this
patient was satisfied with the treatment they received or not. If the doctor is not visited
in a period, there will be no rating for this period either. There is a monopolistic profit
maximizing doctor whose type is either H or L. The doctor gains w for every patient
who decides to get treated and potentially has to pay cost depending on the quality of
treatment that is exerted. Period profits are discounted with ¢ € (0,1). A doctor of type
L can only offer the smallest quality g, = 0 (at no cost) with which no type of patient
is satisfied and type H can choose between quality qg at cost ¢ and ¢; at no cost. If
quw < ¢, the type H doctor will never choose qg. For the remainder of this paper assume
quw > c. The type of the physician is again drawn at the beginning of the initial period
and known only by the doctor. Patients prior belief is given by the probability my with
which type H is drawn. Patients’ types are again distributed according to the uniform
distribution function Ul ), known to patients and doctor.

Every period, one patient is drawn from the distribution of types and decides whether
or not to visit the doctor. Patients take into consideration their own type and the
probability with which they believe that the doctor’s type is H. Patients and the doctor
know the probability distribution of patients’ types but not the true type of potential
future or former patients. By giving a rating, patients do not reveal the true quality with
which they were treated to other patients. Furthermore they do not report by which
type of doctor they got treated if they decided to visit. Patients instead report if they
were satisfied with the treatment which is dependent on each patient’s type. This means
patients give a positive rating if their utility from being treated by the doctor was greater
than or equal to the utility they would have received in the case of not getting treated.
Depending on this rating, the patients’ belief on the probability of the doctor’s type being
H is updated. The prior belief of the patients is given by the probability my with which
a doctor of type H is drawn by nature.

A rating in period t is a function of the patient’s type and the doctor’s exerted quality
in period ¢, Ry(oy, q) : (0,1] x [0,1] — {—1,1}. It takes the value 1 if the patient visited
the doctor and was satisfied with the treatment, or —1 if the patient visited and was not
satisfied with the treatment. If the doctor is not visited by a patient in period ¢, the
doctor is not rated.

A patient in period t believes that the type of the doctor is H with probability 7;. The
belief m;(mo, hy) = [0,1] x {—1,0,1} — [0, 1] of the patient in period ¢ > 1 is a function
of the prior belief g and the history of ratings h; from all previous periods up until the
most recent one. The history of ratings is a vector of all reviews up to period ¢t — 1, and
the rating R; of period t, hy € {—1,0,1}. A value of 0 is assigned in every period when

no rating was given.
The belief in period ¢ > 1 that the doctor’s type 7 is H, given the history of ratings

10



hi—1 and the most recent rating R; ; = r in period ¢t — 1 is given by Bayes’ rule

m¢(mo, he)) = (o, (he—1,7))
= P(T =H ‘ Rt,1 = ’I"J“Lt,l)
_ P(Rt,1 =T | htfl,T:H)P(T:H | htfl)
P(Rt_l =r | hi_1,7= H)P(T =H | ht—l) —|—P(Rt_1 =r | hi_1,7= L)(l — P(T =H | ht—l))
P(Ri—y =7|hy1,7 = H)m_1(mo, he—1)

_ (6
P(Ri—1 =71 | h—1,7 = H)m_1(mo, he—1) + P(Re—1 =7 | hy—1, 7 = L)(1 — m—1(mo, hi—1)) (©)

The belief in period ¢ = 0 is given by the prior belief g, i.e. the probability with which
nature draws type H. If the doctor does not treat a patient in period ¢, the belief is not

updated, meaning 7, = m;_.

4.1 Persistent Quality Levels

The type H doctor can choose between exerting gy at cost ¢ or q, = 0 without cost.
Type L always exerts qr. Patients anticipate the behavior of the different types of the
doctor in the Perfect Bayesian equilibrium. There exists a threshold 7* such that if the
belief of the patients that the doctor’s type is H exceeds this threshold, a doctor of this
type will exert the high quality gy in every period of the game. The utility functions of
the patients remain the same as in the Benchmark case in section [3|

The expected utility of being treated by the doctor is given by the utility derived
from being treated by either type of the doctor, weighted with the probability that the
doctor’s type is either one (reflected in the belief). The expected utility of visiting the
doctor of a patient ¢ of type a; ~ U,1; who believes that the doctor’s type is H with
probability 7 is given by

mqg +(1—m)-0 ifw>7*
EU; (treatment) = @+ ( ) - (7)
0 it < 7*

and the utility from not visiting the doctor is again given by «;. Patients choose be-
tween treatment and no treatment to maximize their expected utility. Consequently,
type a who is indifferent between getting treated by the doctor and not getting treated

is characterized by

mqy ifw>7*

(8)

Qi
Il

0 ifm <7

It follows, that the expected utility of a patient ¢ whose type is a; > gy > @ is always
higher if the patient chooses to not get treated by the doctor. Those types will never visit
the doctor, as they will not be satisfied with the service of either of the doctor’s types.

Therefore, in equilibrium, all types a of patients with o < ;g5 will choose to visit the
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doctor in period t if m; > 7* and the doctor will not be visited if 7, < 7*.

Patients update their belief that the doctor’s type is H at the end of every period
according to Bayes’ rule as given in @

Depending on the patient’s decision in period ¢, the belief that the doctor’s type is H,
whom patients anticipate to play the equilibrium strategy, evolves differently. Specifically,
there are three possible scenarios in equilibrium. In scenario Sr,,, 1 the belief was updated

after a recommendation by a satisfied patient. In scenario S the doctor is visited

t+1,2)
by a patient who is unsatisfied by the offered quality and the patients’ belief is updated
accordingly. In scenario Sr,., 3, no patient visits the doctor, such that there is no new
information to update the belief. In Figure (1} the change from period ¢ to period ¢t + 1
is illustrated. The transition probabilities from the current state to next period’s state

only depend on the current period’s state and actions.

P(Sﬂ't+1,1 ‘Sﬂ't? Qt)
‘belief increases

after positive rating’

P(Sﬂz+1,3|sﬂta Qt)
‘no rating,

P(Sﬂt+1,2 ‘Sﬂ't7 Qt)

‘belief decreases after

belief

unchanged’ ) o
negative rating

Figure 1: Mapping of the transition from one state to another given state S;, and action
¢; in period ¢.

Specifically, in equilibrium, the belief m,;;; that the doctor’ type is H in scenario
1 =1,2,3 at time t + 1 evolves only depending on last period’s quality choice and last

period’s belief 7; according to Bayesian updating:

i1, = 1
Ti+1,2 = 0
Tt41,3 = Tg-

As a patient who visits the doctor can only be satisfied with the treatment if the doctor
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exerted the high quality ¢z and only a doctor of type H is able to offer this treatment
quality, patients know that the doctor’s type is H after a satisfied patient leaves a positive
rating. If a patient was unsatisfied, patients do also know that the treatment’s quality
must have been ¢, = 0. And as the type H doctor’s strategy is to play ¢y in equilibrium,
the unsatisfied patient must have been treated by the type L doctor. If no patient visited
the doctor in a period, there is no new information to update the belief. This also implies
that if the prior belief my is smaller than 7* no patient will choose to get treated by
the doctor in any period of the game, and the belief will not change. The transition

probabilities from scenario Sy, to scenario S, ,, given that the type H doctor plays qp,

t+17

are given by the probabilities of each of the scenarios described above

P(Sﬂ'tJrl,l ’Sma Qt) = TtqH
P<S7Tt+1,2|S7Tt7 Qt) =0

P<S7Tt+1,3|S7Tt7qt) =1- Tt4H -

If the doctor would deviate to playing q;, = 0, the transition probabilities from scenario

Sy, to scenario Sy, , are given by the probabilities

t+1

P(Sﬂt+1,1’5m7 Qt) =0
P<Sﬂt+1,2|sﬂt7 Qt) = T¢qH
P(Sﬁt+1,3|S7Tt7 qt) =1- Ttq4H -

The expected period profit of the doctor is given analogously to . Therefore, the
equilibrium value function of a doctor playing gy in every period, if the patient’s belief

is m > 7*, is given by
V*(m) = mqpw — ¢+ § (mqgV*(1) + (1 — mqy)V*(7))

which can be simplified to

Tqpw — ¢ + 0mqr V*(1)

Vim) = 1—6(1 —mqp) )
where
e/ qEW —C
V(1) = 15

denotes the equilibrium value function if the belief is 1.

If it was profitable for the type H doctor to deviate from the equilibrium strategy and

13



play qr, = 0 instead, the value function is
V(r) = mqgw + 6 (mquV(0) + (1 — wqu )V (7))

which can be simplified to

mqgw + 0mqr V (0)
1—6(1—mqn)

Vi(r) = (10)

where V' (0) = 0 denotes the value function when the belief is 0. Given these considera-

tions, the following proposition is obtained.

1-96

Proposition 2. Denote n* = L and O,in = ¢ A0 > Omin,
dqu(qrw — c) qa(qrw —¢) +c

depending on the belief, there a two different types of equilibrium in pure strategies:

(i) Separating Equilibrium: If the prior belief of the patients is my > ©* the type H

doctor will exert the high quality in every period in the equilibrium.

(i) Pooling Equilibrium: If the prior belief my < 7 both types of the doctor will exert

the low quality in every period in the equilibrium.

The formal proof is given in appendix [A]

The threshold 7* describes the ratio between the cost of high quality and the dis-
counted expected profit from offering high quality after patients know the doctor’s true
type weighted with the probability of being visited by a patient. The threshold is higher
if cost c¢ is higher. The intuition behind this is that the more costly the high quality is,
the higher the belief must be to ensure that the high type doctor is offering the high
quality in the equilibrium. The higher the belief, the higher the probability that the
type H doctor is visited by a patient. A visiting patient is profitable for the doctor and
furthermore patients learn the doctor’s true type in this case and increase their belief
to 1. If the high quality is more costly, the probability that the investment in the high
quality pays off must be higher to ensure that the doctor has an incentive to make the
investment.

The belief threshold 7* is decreasing in d, meaning that the higher the discount factor,
the smaller the belief can be for the type H doctor to be incentivized to play the high
quality in every period in the equilibrium. Intuitively, a more far-sighted or more patient
doctor is easier incentivized to invest in the high quality by the possibility of being
recognized as the high type. The belief threshold is smaller the higher the value of ¢y.
A higher gy increases the probability of being visited by a patient and therefore it is
profitable for the high type doctor to invest in the costly high quality even for smaller
values of the patients’ prior belief. Similarly, the higher the revenue w from every visiting
patient, the smaller the threshold.

14



4.2 Non-Persistent Quality Levels

Consider now a type H doctor who does not choose between playing qg or q;, = 0 before
the start of the game but who plays a Markov strategy o(hy, m;), such that for any two
ex post histories ; and h, of the same length and terminating in the same state (and
therefore the same belief value), o(hy, m) = o(hy,m). A type L doctor will again play
the low quality in every period of the game. Patients anticipate the doctor’s strategy and
maximize their expected utility. The expected utility from getting treated by the doctor
if patients expect type H to exert ¢; € {qr,qu} according to strategy o(hy, m;) is given
by

mqu, if ¢ =
U (treatment) = v o=

0, if ¢ =qr

Therefore, depending on the value of the belief, the value function in some period t of

the type H who exerts ¢; € {qr,qn} according to strategy o(hy, m;) doctor is given by

Tiqaw — ¢+ omquV (o (hii1, 1))

, g =gq
V(o(he,m)) = 1= 0+ 0mqp o
0, if g =qr
where
w —C
Vio(h,1) = 451

for all ex post histories h;. As elaborated on below in Proposition [3] if the doctor chooses
the treatment quality in every period of the game instead of before the beginning of the

game, the equilibrium strategies resemble the ones from Proposition

1—90
u and Opmin = ¢ . Af6 > Opin, there
d(guw — c) qu(quw —c) + ¢
a two different types of equilibrium:

Proposition 3. Recall 7 =

(i) Separating Equilibrium: If m > 7*, the type H doctor will exert the high quality in

every period of the game.

(ii) Pooling Equilibrium: If m < 7*, both types of the doctor will exert the low quality

i every period of the game.

The formal proof is given in appendix [A]

If type H chooses the quality in every period of the game, the doctor exerts the high
quality in every period if the discount factor and the belief of the patients is high enough.
The thresholds for the discount factor and the belief are the same as in Proposition [2]
The intuition behind the result is that if patients for a given belief expect the doctor to
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exert the low quality in equilibrium, no type of patient visits the doctor. Consequently,
the belief does not change. The doctor does not receive any period revenue. If patients
expect the type H doctor to exert the high quality in equilibrium but, because of exerting
qr, the doctor receives a negative rating, patients update their belief. Afterwards, again
no type of patient visits the doctor. Therefore, type H will only deviate from exerting the
high quality if the short term profit from deviating to ¢, compensates for the decreased
belief that results in not being visited anymore in the long term.

These results will from here on be referred to as the PRW setting or rating platform

model results.

4.3 Comparison of Benchmark and Physician Rating Website

Below, the Benchmark setting from section [3| (with parameter choice ¢;, = 0) is compared
to the rating platform model introduced above. In the Benchmark model, both types of
the doctor will always offer the low quality treatment. In the rating platform model on
the other hand, the type H doctor will exert the quality ¢y in every period if the belief
of the patients is greater than or equal to the ratio between period cost and the expected
discounted future profit after patients have learned the true type of the doctor weighted
with the probability of this event. The higher the discount factor, the more important
future income is to the doctor compared to present income. A small discount factor
implies that the doctor mostly cares about the current income this period and does not
care much about future income in upcoming periods. The higher the discount factor, the
more important the expected future profit becomes for the type H doctor. Therefore,
investing in costly high quality is attractive. As the belief will be updated in the rating
platform model after patients learn the true quality of the doctor, the type H doctor has

an incentive to invest in the high quality.
c

Recall the discount factor threshold 6., = and the belief threshold
qu(quw —¢) + ¢
1-96
* = M from Proposition . The belief threshold 7* depends on the discount
qu(qrw — ¢)d

factor 4. In the rating platform model, the quality exerted by the doctor in one period
does influence the probability with which patients learn the true quality of the doctor and
thereby also the belief of the following period. In the Benchmark model, the belief of the
patients does not change from one period to another. The experience of a patient in one
period does not change the belief of patients in future periods. The following proposition
compares the different equilibrium regions in the two models. It can be concluded directly
from Proposition [I] and [2|

Proposition 4. If 6 > 0,,:,, there are two equilibrium regions depending on the belief of

the patients and the discount factor of the physician:

(i) Pooling-Pooling (P-P) region : if mo < 7*, both types of the doctor play qr, in every

16



period in equilibrium in both settings.

(ii) Separating-Pooling (S-P) region: if my > w*, the type H doctor plays qu in every
period in equilibrium in the rating platform model and both types of the doctor play
qr 1 every period in equilibrium in the Benchmark setting.

c(l1=19)

0qu (qrw — c)
c. If m > 7 in the PRW setting, the equilibrium is the Separating Equilibrium where the

The belief threshold 7* = is decreasing in ¢y, w and ¢ and increasing in

type H doctor always exerts the high quality gy in the PRW model, but in the Benchmark
model the equilibrium is the Pooling Equilibrium. The economic intuition behind this is
that if the doctor cares a lot about future income, the ratings published by the rating
platform are an incentive for the type H doctor to invest in a good reputation by exerting
the costly high quality. Unlike in the Benchmark model, future potential patients can
update their belief about the doctor’s type after they learn about the satisfaction of a
former patient through the rating platform. As soon as the doctor is visited by the first
patient, all future patients know the doctor’s type for sure. Therefore it is profitable for
the type H doctor to exert the high quality in every period. In the Benchmark model,
where patients will always continue to visit with the same probability as their belief does

not change throughout the periods, the doctor has no incentive to exert qg.

1—96
0qr (qrw — c)
the Pooling Equilibrium where both types of the doctor always play q;, = 0. Consequently,

> g, the equilibrium in the Physician Rating Website model is

for a small prior belief, the Pooling Equilibrium will be the equilibrium in both settings.

J

1

Figure 2: Comparison of Equilibrium Regions of Benchmark and Rating Platform Setting.

Figure [2] illustrates the different equilibrium regions. In the Pooling-Pooling region,
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i.e. if 7 < 7*, both types of the doctor will play q; in every period of the game in both
the Physician Rating Website model as well as the Benchmark model. In the Separating-
Pooling region, the type H doctor has an incentive in the Physician Rating Website model
to instead invest in the high quality.

Consider the ex ante expected utility of the patients and the ex ante expected profit
of the doctor. Assume that the ex ante expected utility is discounted with 5 > 0. With
probability 7y, the doctor’s type is H. In the PRW setting, if the equilibrium is the
Pooling Equilibrium, no patient will visit the doctor and all patients receive their base
utility. The doctor does not make any profit. In the Benchmark model, patient’s and
doctor’s ex ante expected profit and utility are the same as in the Pooling Equilibrium
in the PRW setting. If the equilibrium in the rating platform model is the Separating
Equilibrium and the prior belief is my > n*, if a patients of type a > myqy is drawn,
this patient will receive the base utility a. If a patient of type o < myqy is drawn, this
patient will visit the doctor and will be treated with ¢qz. After this, the belief increases
to 1 and all patients of type o < gy will receive qg in the following periods. Patients of
type a > qp receive their base utility.

With probability 1 — mp, the doctor’s type is L. Again, in the Separating Equilibrium
of the PRW setting, patients of type o > mpqgy do not visit the doctor and receive their
base utility. With probability myqy, a type of patient is drawn who visits and will be
treated with ¢, = 0. After this, the belief will be updated to 0 and no other patient will
visit the doctor. Consequently, all patients will from then on receive their base utility.

If the belief is 7y, with probability myqy, the doctor in the PRW model will be visited.
If the doctor’s type is H, the doctor receives w and pays ¢ for the high quality. Fur-
thermore, the belief increases to 1 and in every period, with probability g, the doctor
receives a profit of w — ¢. With probability 1 — gy, the doctor is not visited in a period
and still has to pay c. Compare for this the value function of the doctor as given in @
If the doctor’s type is L, with probability moqy, the doctor is visited and gains a profit of
w. After that, the beliefs drops to 0 and the doctor will no longer be visited by any type
of patient. But the doctor also does not have to bear any cost from offering the free low

quality. From comparing the ex ante expected profit and utility, Proposition [5| follows.
Proposition 5.

(i) In the Separating-Pooling region, the ex ante expected profit of the doctor and the
ex ante expected utility of the patients in the rating platform model are higher than

in the Benchmark model.

(i1) In the Pooling-Pooling region, the ex ante expected profit of the doctor and the ex
ante expected utility of the patients in the Benchmark model are equal to the ex ante

expected profit and utility in the rating platform model.
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The formal proof is given in appendix [A]

The results show that the PRW setting is the favorable setting for both the patients
with uniformly distributed types, and the doctor when comparing the ex ante expected
doctor’s profit and the ex ante expected patients’ utility, respectively. In the Pooling
Equilibrium, the ex ante expected profit of the doctor is the same in the Benchmark
setting and in the PRW setting. In the Separating Equilibrium, because patients can
learn the true type of the doctor, the type H doctor has an incentive to exert the high
quality in equilibrium. If the doctor’s type is L, one patient will potentially visit the
doctor and will be dissatisfied with the doctor’s quality. This patient then does receive 0
in the PRW setting instead of the base utility compared to the Benchmark setting. All
other patients receive the same utility in both models in this case. The type L doctor’s
expected profit is positive. However, with probability 7y, the doctor’s type is H. In this
case, the first patient who visits gains a utility of ¢y that is greater or equal compared
to the base utility from the Benchmark model. The patients in the following periods
also either receive qy or their base utility if they are of a type that does not visit the
doctor. The expected utility of each patient is therefore greater or equal to that from
the Benchmark model. Despite the cost ¢ the doctor pays in every period, the expected
profit of the doctor is higher as in the Benchmark model. This follows from the fact that
the doctor has no incentive to deviate to the low quality, and the expected profit from

deviating is an upper bound for the ex ante expected profit of 0 in the Benchmark model.

5 Mixed Strategy Equilibrium

Consider now that the type H doctor can play a mixed strategy, i.e. chooses in every
period the probability distribution used to randomly choose to exert either the high
quality qg or the low quality q, = 0. Before, when the type H doctor was exerting
a pure strategy, patients anticipated after the first bad rating that the doctor’s type
is L. They expected to be treated with the low quality and no patient would visit
the doctor after a negative rating. If the competent doctor is playing the high quality
with a positive probability, this allows for richer dynamics. If the doctor receives a
negative rating, patients do no longer believe that the doctor’s type is L right away.
The patients’ belief still decreases after a negative rating but does not instantly drop to
zero. This allows for the type H doctor to get some negative ratings but still being able
to be recognized as the high type after a positive rating. The doctor does not have to
commit to the costly high quality in every period but exerts the quality with a positive
probability which is dependent on the belief of the patients. This can also be interpreted
as a generally competent doctor who makes effort to exert high quality but still does not
perform consistently every day.

Patients anticipate the strategy of the doctor. If in one period the belief of the patients
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is 7; and the doctor receives a positive rating, scenario Sy, 1, or if the doctor is not visited
and there is no rating, scenario Sy, 3, the patients will update their belief in the same
way as if the type H doctor plays a pure strategy. But if the doctor receives a negative
rating, scenario Sy, o, patients will take into account that the previous patient may still
have been treated by the type H doctor who was exerting the low quality with positive

probability and update their belief accordingly. After a negative rating, according to
(1 — p(m))m
1 — p(me)me

the doctor is visited by a patient in period ¢. With probability p(m;), the doctor will

Bayes’ rule, the belief is given by 710 = With probability p(m)mqm,
treat the patient with the high quality and will receive a positive rating. Therefore, with
probability (1 — p(m))p(m)mqu, the doctor will receive a negative rating. The transition
probabilities from scenario Sy, to scenario Sy, ,, given that the type H doctor plays qg,

are given by the probabilities of each of the scenarios described above

P<Sﬁt+1,1lsﬂt7 Qt) - p<7rt)27TtQH
P(Sﬂt+1,2lsﬂta qt) = (1 —p<7Tt>>p(7Tt)7thH
— ]_ —

P(Sﬂt+1,3|sﬂtvqt) p(ﬂ-t)ﬂtQH-

Figure |3| illustrates possible transitions in a given period in dependence of the current
state.

P<S7rt+1,l S‘n'{,vqt)

‘belief increases after
P(S”t+lﬁ3|s7ft’ %) positive rating’

‘no rating, S,
belief unchanged’ /

P(Sﬂ't+1,2’5ﬂ't7qt)

‘belief decreases after

Sﬂ't+1;1
‘belief is 1’

P<S7Tt+171|s77t+17 q'f+1)
P ‘belief increases after

negative rating )
positive rating

Sﬂz+1,2
‘belief is

T ()

P(S‘frt+1,3’S7Tt+17Qt+1)
‘no rating,

belief unchanged’

P(Sﬂt+1,2|sﬂ't+17qt+1)
‘belief decreases after

negative rating’

Figure 3: Mapping of the transition from one state to another given state S;, and action
q; in period ¢, where 7~ is defined as in Proposition .
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If the discount factor of the doctor is too small, there is only an equilibrium in pure
strategies in which both types of the doctor always exert the low quality. The patients

anticipate the strategy of the doctor and do not visit the doctor.

Proposition 6. If § < O, there is no equilibrium in mized strategies. Both types of

the doctor will play qr, in equilibrium.

Intuitively, the type H doctor will choose to play the mixed strategy if it is not
profitable to instead deviate to playing either q;, = 0 or ¢y as pure strategy. By compar-
ing the associated expected profits, an optimality condition depending on the expected
profit after a negative rating can be derived. Depending on the discount factor and the
belief, there exist finite many different regions for the belief in which the type H doc-
tor exerts the high quality with a different positive probability. Proposition [7] describes
the different equilibrium regions. Recall the thresholds 9,,;,, = ¢ and

qu(quw —c) +c
. c1-9)

" qu(qggw — )8’

Proposition 7. Given belief m and probability p(7) in a period where the type H doctor

(1 —p(m))

plays the high quality qg with probability p(w), denote m~ (m) = " the updated

1—p(m)m
belief after a negative rating occurred in this period. Furthermore, V(1) = q;iw—;c If
0 > Opmin, the equilibrium strateqy of the doctor is dependent on the belief .
(i) There exists a finite sequence of interval thresholds (7°, 7', ... 7% 1), with n° = 7*.

Generally, for 1 < k < K, if 7 lies in [z, 7%, the belief after a negative rating
decreases to w— in [x*" L 7*]. If m# € [n% 7], the belief after a negative rating

decreases to n~ € [0,7°] and if m € (75, 1), the belief decreases to = € (x5~ 7).
For all k > 1 if w lies in (x*, o**Y), V(x*) < V(1) — 5o holds and the optimal
maxing probability is then given by

C

= Sran (VD) = V(1)) (11)

p()
If w lies in (7%,1), at 7%, V(1) > V(7¥) > V(1) = 55 holds and the optimal
mizing probability is as well given by .
If 7 lies in (7°, 7'), the optimal mixing probability is given by

Cc

p(m) = dmqyV (1)

For all k > 1, at threshold 7" the optimal mizing probability is given by .

(i) If 1 < 7*, the type H doctor will play q in every period in the equilibrium. If

m=mn* orm =1, the type H doctor will play qy in every period in the equilibrium.
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The formal proof is given in appendix [A]

V(7% is defined as in and 7% is given according to , respectively. The
intuition behind the recursive formula is as follows. If the belief is smaller than 7*, the
doctor will exert the low quality and no patient will visit the doctor. The expected profit
of the doctor is zero. There is a range of belief values that decrease to some 7 < 7* after
a negative rating. This range can be determined by rearranging the Bayesian updating
formula to find the belief value that yields the desired value after a negative rating. So,
for all beliefs in the determined range, the expected profit after a negative rating is zero.
Using the optimality condition mentioned above that is depending on the expected profit
after a negative rating, the probability p with which the doctor exerts the high quality
can be derived for those belief values that lie in the determined range. Furthermore, if

I and

the belief is 7*, the doctor will exert the high quality. If the belief is given by m
decreases to m* after a negative rating, the expected profit after a negative rating when
the belief decreases to 7* is again known. The doctor exerts gy with probability p = 1.
Using again the Bayesian updating formula, 7! can be determined. Continuing in this
way, the belief can be expressed as the recursive formula and the expected discounted
profit of the doctor as the recursive formula .

If the belief is given by m € (7%, 7#**1) for some 1 < k < K and the doctor receives a
negative rating, the belief decreases to 7~ € (7*~1, 7%). This means that the doctor can
receive k negative ratings before the belief decreases to 7 < 7* = 7¥ and patients expect

the doctor to exert the low quality. An illustration is given in Figure [4]

qH
> e S N —
0 T ol 2 3 ~K-1 K ]

Figure 4: Illustration of K equilibrium regions. In each region, the doctor will exert qy
with a different positive probability. If the doctor receives a negative rating, the updated
belief lies in the previous region that is closer to 7*.

In Figure [5] the different equilibrium strategies of the type H doctor for 6 > duin
depending on the belief are illustrated in case that the optimality condition is fulfilled for
all 2 < 7w < 1. If the discount factor is high enough but the belief is smaller than the
threshold 7*, both types of the doctor exert the low quality in a pure strategy equilibrium.
If the belief is equal to 7*, the type H doctor will play the pure strategy ¢y in equilibrium.
The intuition is that in this case, it is more profitable for the doctor to invest in the high
quality which guaranties a positive rating as soon as a type of patient is drawn who visits
the doctor. If the doctor would deviate to the low quality, patients would update their
belief to zero after the first bad rating. After that, no type of patient visits the doctor in
the following periods. As long as the value of the belief lies in the interval (7*,27*), the
doctor will mix with a probability that depends on the ratio between cost and discounted

profit after patients learn the doctor’s true type as well as the reciprocal of the belief
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value. If the belief is higher than the threshold 27*, the doctor will play a mixed strategy
which then not only depends on the ratio between cost and the reciprocal of the belief
value but as well on the difference in discounted profit after patients learn the doctor’s
true type and after the doctor receives a negative rating.

_ _ c(1=9) D

qL qH P = Srqu (grw—c)

I Il |
T T

0 o 27* 1

~ oman(VO-V(EE)) g

Figure 5: Equilibrium Regions if 7* and 27* are feasible.

Note threshold 7*, which determines the beginning of the first equilibrium region in
which type H plays the mixed strategy. It is the same threshold that determines the

Separating Equilibrium if type H plays a pure strategy in section [d If 27* = 1, the type
1—90
H doctor will mix with probability p = ol if the belief lies in the interval
0mqu (quw — ¢)
(7*,1) and the expected profit from this is V(7) = ¢\(dqu), i.e. the ratio between cost

and discounted probability of being visited by a type of patient who demands a high
quality. If 27* < 1, there are two or more regions of the belief in which it is profitable
for the type H doctor to play a mixed strategy.

There are two opposing effects at work regarding the influence of the belief on the
probability p with which the doctor plays the high quality in the mixed strategy equilib-
rium. On the one hand, the smaller the patient’s belief that the doctor’s type is H, the
higher the probability p that the doctor will invest in the high quality. On the other hand,

the probability is decreasing with an increase in the term that captures the expected profit

1—
from the new belief value after a negative review, i.e. V(7)) =V (%) The
— p(m)m
definition of the expected profit V() in (30)), implies that for higher 7~ the expected

profit V(7~) is also higher. And the updated belief after a negative rating, 7~ is smaller if

w is smaller. To illustrate these effects, consider for example 7 € (27*,7) and 7~ = 27*,

oV (2m*
At the threshold 7, the expected profit is V(7)) = 5 cu(}w —21 (5)7;/2; 5
qw — (1 — T

(27, 7), and the doctor received a negative rating, the belief decreases to 7~ € (7%, 27)
with V(7n~) = V(7*). The expected profit if 7 € (27*,7) is therefore given by V(7) =

c(w+ 6V (m))
3 o — (L= 0]V (7)) '

by p(m) = =
VP = S (V) — V) Srqn (V(1) — V(217)
7w = 7. The smaller the difference between V (7*) and V' (27*), the smaller the decreasing

If # €

. Consequently, the probability of playing the high quality is given

if 7 € (2n*,7) and by p(7) if
effect on the probability p. This dynamic is prevalent at the thresholds of all equilibrium
regions. Intuitively, the more equilibrium regions there are, the smaller the difference in
the expected profits in the different regions. Graphical illustrations of these dynamics

are discussed in section [5.1] The results from Propositions [6] and [7], will from here on
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be referred to as the PRW setting with mixed strategies or rating platform model with

mixed strategies results.

5.1 Mixed Strategy Equilibrium - Simulation

In this section, I perform a simulation of different thresholds for the mixed strategy
equilibrium regions depending on different choices of values for the exogenous variables
0,qm,w and c.

I restrict the analysis to those parameter value choice combinations for which at
least one region where the mixed strategy is played by the type H doctor exists. The

parameter w is normalized to 1 and a grid of all parameter combinations for which

c(1=9)

oqr(qu - 1 —c)
Figure illustrates for fixed choices of gy and ¢ the according interval boundary

€ (0,1) is true, meaning that a feasible 7* exists, is created.

7*. The smaller qg, the higher 6 and the smaller ¢. This fits the intuition, that if qg is
smaller, the probability of being visited is smaller. For type H to have an incentive to
exert the high quality with positive probability, this must be compensated by the doctor
being more patient and interested in the future or by smaller cost of exerting the high
quality. Accordingly, there are also more combinations of parameter value choices that
induce the threshold 7* in dependence of ¢ the higher gy and §. As also discussed in
section 7 is increasing in ¢ and decreasing in §. Intuitively, the higher the cost, the
higher the belief of the patients must be for type H to be incentivized to invest in the
high quality. A doctor who is more interested in long-term profit can be incentivized by
a smaller belief to invest in the high quality. The smaller ¢, the higher the thresholds
induced by small value choices of ¢, respectively. Recall, that if 7* > 0.5, there exist
only one region in which the doctor mixes with probability p(7) in the equilibrium, if
m > 7. If 7 is smaller, there exist more regions that each induce a different probability
in dependence of the belief.

Below, examples of equilibrium region thresholds for the belief and the mixing prob-
abilities induced by specific choices of the exogenous parameters are examined.

There exist combinations of possible choices for the parameter values of §, gy, w and c,
both 7* and 27* are feasible and there are two regions in which the type H doctor mixes
with according mixing probabilities, as sketched before in Figure Most parameter

combinations induce more than two regions in which the competent doctor plays the

2Each parameter’s value set starts at 0.09 with a 0.09 step size and ends at 1. Parameter ¢ has an
upper bound which is given by the according value of ¢z - 1 and the value set has a 0.01 step size. It is

easy to see that two different parameter choices of ¢ cannot yield the same threshold n* = 6(1776)_, if
oqu(qu-1—c)

the other parameters are held fixed. The same holds true for two different parameter choices of §. If two
different parameter choices q1, g2 for gy would yield the same threshold, ¢; + g2 = ¢ would hold. But as
¢ is bound above by g, this cannot be fulfilled. Furthermore, the probability choice p(7) = c(1=9)

~ dmqu(grw—c)

ensures that the expected probability of being visited by a patient, given by p -7 - ¢y is held constant at
c(1-9)

dqu(qrw—c)’
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mixed strategy with positive probability. And a lot of parameter combinations induce

more than 100 different equilibrium region thresholds. Figure[6]visualizes the probability
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Figure 6: The mixing probability p depending on the belief 7 in 0.001 steps if § = 0.81,
gy = 0.36, w =1 and ¢ = 0.09, implying that there are 10 thresholds.
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Figure 7: The mixing probability p depending on the belief 7 in 0.001 steps if § = 0.54,

qu = 0.72, w =1 and ¢ = 0.11.

with which the type H doctor mixes in dependence of the belief of the patients for a case
with 10 different equilibrium thresholds. The thresholds that mark the beginning of a

new equilibrium region in which the type H doctor mixes with a different probability are

given in red. At every threshold 7* it holds true that if 7 > 7%, the belief after a negative

rating, will always be smaller than 7*. Note how, in the neighborhood of the individual

thresholds 7*, it holds that for 7 — ¢ < 7*, the mixing probability suddenly drops to a

smaller value than p(7%) but then still overall increases in the interval (7*~% 7*) with

decreasing w. These discontinuous jumps are caused by the change in the value function
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of the doctor. The expected discounted profit in each of the intervals is different. The
intuition behind this is that by entering a new equilibrium region which is nearer to the
threshold 7* the doctor can receive one negative rating less before the belief of the patients
drops below 7*. If the latter occurs, no patient will visit the doctor. The smaller the
number of negative ratings that the doctor can receive before patients do no longer decide
to get treated, the greater the difference in the value function in two neighboring intervals.
This dynamic is not only prevalent for this specific parameter value combinations. It does

occur for higher numbers of equilibrium thresholds as well, a second example is illustrated

in Figure [7]
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Figure 8: Evolution of the belief over 12 periods if the doctor gets 3 negative ratings and
receives a positive rating after that which increase the belief to 1 (left). And if the doctor
receives 4 negative ratings such that the belief decreases below the threshold 7*. When
the doctor is not visited, the belief does not change (right).

In Figure[§] two examples for a possible evolution of the belief in an infinitely repeated
game are illustrated. The depicted time frame is 12 periods. The threshold 7* is marked
by the gray dotted horizontal line. The prior belief of the patients is greater than 7*. In
both examples, the doctor is visited by a patient but did exert the low quality. Therefore,
the dissatisfied patient left a negative rating and the belief decreases. The probability
with which the doctor exerts the high quality increases with decreasing belief. On the
left graph, the doctor eventually treats a patient with the high quality and the belief
increases to 1. Afterwards, the doctor exerts qy in every period instead of playing the
mixed strategy. On the right graph, the doctor is not visited by a patient in one period,
hence the belief does not change. Afterwards, a patient decides to get treated in the
following periods, but all patients are dissatisfied. The belief decreases. Although the
doctor increases the probability with which gy is exerted, the patients are treated with
the low quality and the belief drops below the threshold n*. Afterwards, patients do
not visit the doctor and the belief stays at the low level. Figure [J] illustrates how the
mixing probability increases if the belief decreases after a negative rating. After the first

negative rating the belief decreases. As the updated belief lies in a different equilibrium
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Figure 9: Illustration of the changing mixing probability if the belief decreases after a
negative rating. Each arrow connects the probability induced by a certain belief value to
the probability induced by the updated belief after a negative rating occurred.

region than before, the doctor mixes with a different probability. As the belief decreases,
the mixing probability increases. The doctor exerts the high quality with the highest
probability if the belief value lies in the equilibrium region nearest to the region in which
patients expect the doctor to always exert the low quality.

Summarizing the simulation results, the probability with which the type H doctor
plays the high quality is more smoothly decreasing with higher belief the more often
the belief could possibly decrease after a negative rating without actually decreasing to
m < 7*. Furthermore, a case with few regions in which the mixed strategy is played
was analyzed in detail. As there are only few possible 'harmless’ decreases of the belief,
the mixing probability increases at the belief thresholds, but the increase is smaller the
higher the belief is and the probability still decreases within those regions between one
threshold and the next. The simulation illustrated the two opposing effects on the mixing
probability through the influence of the belief 7 and the influence of the change in the
expected profit after a negative rating discussed in the previous chapter.

A high number of equilibrium regions is induced, i.e. 7* is small, if the cost of the
high quality is very small while the doctor’s discount factor is high. The high discount
factor can be interpreted such that the doctor values future profits. If furthermore the
share of patient types who are satisfied with the high quality is big, i.e. gy is high, there
is only a small probability every period that a type of patient is drawn who will not visit
the doctor. Because 7* is small, patients will expect only for very small 7 that both
types of the doctor exert the low quality. But a high number of equilibrium regions also

means that, if the prior belief of the patients is sufficiently high, the doctor can receive a
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number of negative ratings, before the belief decreases below 7*. The high type doctor
therefore chooses to exert the high quality with a very small probability. This also means
that the probability of being visited is small and the probability of not being visited is
large. If the doctor in one period exerts the low quality and is visited, the patient will
be dissatisfied and give a negative rating. But if the belief is not already very small,
the updated belief after the negative rating will not be significantly smaller than before
receiving this rating. If the doctor in one period exerts the high quality and has to pay
the cost for doing so but is not visited by a patient, the sunk cost are small due to ¢ being
very small in this scenario. On the other hand, if the doctor is visited while exerting the
high quality with cost ¢, patients will learn the true type. The doctor does only invest
in the high quality with a higher probability than in the low quality if the belief is close
to the threshold 7*. In this scenario, the probability of a bad rating is small as is the
impact of it. If the game is repeated infinitely, the patients will learn the doctor’s true
type with positive probability and after that the doctor will always exert the high quality.
The doctor sacrifices short term profit by high quality treatment being unlikely. But this
is compensated by the long term profit after being recognized as the high type.

Below, the equilibrium regions in the Benchmark model and the PRW model if type
H plays a mixed strategy are compared. In particular, the ex ante expected profit of the

doctor and the ex ante expected utility of the patients are analyzed.

5.2 Comparison of Benchmark and Physician Rating Website

The threshold 7* that marks the end of the Pooling-Pooling region in Proposition 4| also
indicates the end of the region in which both types of the doctor exert the low quality
if the doctor plays the mixed strategy. Compared to the analysis before, there arises
now a different type of equilibrium in which the type H doctor exerts qg with a different
probability depending on the belief. From comparing Proposition [I] to Propositions [6] and
[7, the proposition below is derived.

Proposition 8. If d > d,.,, there are three types of equilibrium regions depending on the

belief ™ of the patients and the discount factor of the physician:

(i) Pooling-Pooling (P-P) region: if m < 7*, both types of the doctor play qr, in every

period in equilibrium in both settings.

(ii) Separating-Pooling (S-P) region: if 1 = 7 or if m = 1, the type H doctor plays
qu in every period in equilibrium in the rating platform model and both types of the

doctor play qr, in every period in equilibrium in the Benchmark setting.

(11i) Separating with Mixing-Pooling (Sy-P) region: if T > ©*, the type H doctor plays

qu with probability p(m) in every period in equilibrium in the rating platform model.
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Both types of the doctor play qr, in every period in equiltbrium in the Benchmark

setting.

As illustrated in Figure [10, if 7 < #«* or if 7 = 7*, the equilibrium regions arise
analogously to Proposition 4l If 7 = 1, the type H doctor as well has no incentive to
deviate from playing ¢y in equilibrium in the PRW model. If 7 > 7* however, depending
on 7* there is a finite number of equilibrium regions for the PRW model in which the
type H doctor exerts qg with a different probability depending on 7. In the Benchmark
model, both types of the doctor always exert the low quality.

1

Figure 10: Comparison of Equilibrium Regions of Benchmark and Rating Platform Set-
ting if the type H doctor can mix between gy and q, = 0. If 7 = 7* or m = 1, type H
always exerts qg.

If 0 < dppin or M9 < 7*, both types of the doctor will exert q;. Therefore, the ex ante
expected profit of the doctor will be the same in the Benchmark model as in the extended
model with mixed strategies. The same is true for the ex ante expected utility of the
patients. If § > 1, and mg = 7 or mg = 1, the type H doctor will exert ¢z and patients
anticipate this. Therefore, the ex ante expected profit of the doctor and the ex ante
expected utility of the patients will be the same as in Proposition 5| (i).

If 1 > 7 > 7*, the type H doctor exerts the high quality with probability p(7). With
probability p(7) - 7 - qu, a type of patient is drawn who visits the doctor. Consider first
the case of a doctor of type L. After the first patient visits and rates the doctor, the belief
decreases to w~. The patient receives a utility of zero and the doctor receives a period
profit of w. In the following period, the probability that a type of patient is drawn who

visits the doctor is p(7~) - 7 - qy. In this case, the patient will again receive no utility
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and the doctor receives a period profit of w. If another type of patient is drawn, the
doctor is not visited and receives no period profit. The patient receives the base utility.
If after some period ¢ the belief decreases to m; < 7*, in all following periods the patients
will expect both types of the doctor to exert the low quality ¢, = 0. All types of patients
receive their base utility in every following period. The doctor does not make profit in
the following periods.

If the doctor’s type is H, with probability p(7), the doctor exerted the high quality
in the period when the first patient visited. In this case, the doctor’s profit in this period
is w — c¢. The patient receives utility qg. After the patient rates the doctor, the belief
increases to 1. In all following periods, the doctor exerts the high quality. All patients of
type a < qy visit the doctor and receive gy. All remaining types receive their according
base utility. In every period when the doctor is visited, the period profit is w — ¢. In all
periods when the doctor is not visited, the period profit is —c. With probability 1 —p(7),
the doctor exerted the low quality when visited by the first patient. In that case, the
profit of the doctor is w and the utility of the patient is 0. After the patient rated the
doctor, the belief decreases. This dynamic will then either repeat until the doctor exerts
the high quality in a period when a patient visits. Then, the belief will increase to 1. Or,
if the doctor exerts the low quality when visited, the dynamic repeats as long as the belief
of the patients is still greater than 7*. All patients who visit in the meantime receive a
utility of 0. All remaining types receive their base utility. If the belief decreases below
7, every type of patient that is drawn receives the according base utility. If the belief
increases to 1, all types of patients with a < gy receive a utility of gy instead. In all
periods in which the doctor exerts gz but no patient visits, the doctor’s profit is —c¢ and
the patient receives the base utility.

The ex ante expected profit of the doctor is higher in the PRW setting with mixed
strategies than in the Benchmark model. It generally depends on the discount factor (
if the ex ante expected utility of the patients is higher in the PRW setting with mixed
strategies. However, if there is only one region in which type H exerts the mixed strategy,
the ex ante expected utility of the patients is higher in the PRW setting than in the
Benchmark setting independent of .

The following proposition summarizes the results.

1 — p(mo)*moqy
1 — (1 = qu)p(mo)?miq

Proposition 9. Denote 5., =

(i) If mg < 7*, the ex ante expected profit of the doctor and the ex ante expected utility
of the patients in the Benchmark model are equal to the ex ante expected profit and

utility in the rating platform model.

(i1) If mo = w*, the ex ante expected profit of the doctor and the ex ante expected utility of

the patients in the rating platform model are higher than in the Benchmark model.
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(iii) If mg > @ and the doctor plays a mized strateqy in the PRW model, the ex ante
expected profit of the doctor in the rating platform model is higher than in the
Benchmark model. If 7 < 0.5, the ex ante expected utility of the patients in the
PRW model if the doctor plays a mized strategy is higher compared to the Benchmark
setting. If m > 0.5, the ex ante expected utility of the patients in the PRW model
if the doctor plays a mized strategy is higher compared to the Benchmark setting, if

ﬁ > Bmin-

The formal proof is given in Appendix [A]

The difference between the ex ante expected utility of the patients if the doctor plays a
pure strategy compared to if the doctor mixes between gy and ¢y, is that in the first case
patients stop visiting after the first negative rating that occurs. They update their belief
to zero and do not choose to get treated by the doctor. This results in patients receiving
their according base utility instead. If the doctor plays a mixed strategy, patients take
this into account when updating their belief after a negative rating. If the doctor can
receive K > 0 negative ratings, before patients update their belief to some © < 7*, this
means that K patients do not receive utility from being treated by the doctor before no
patient will visit the doctor anymore. While if the doctor plays the pure strategy ¢y, no
patient is ever dissatisfied with the type H doctor’s treatment, the same is not true if the
doctor exerts a mixed strategy. Several patients may be dissatisfied with the treatment
quality but the probability that a patient visits the doctor is still positive if the belief is

still greater than or equal to 7*.

6 Discussion

Patients benefit if the high quality is offered by the type H doctor. Public ratings on a
PRW are an incentive for competent physicians with a sufficiently high discount factor
to invest in the costly high quality. The patients’ belief that the doctor’s true type is H
has to be sufficiently high for this. Increasing the earnings per visiting patient w of the
doctor or decreasing the cost ¢ of offering the high quality will enlarge the range of belief
values for which the type H doctor is offering the high quality in equilibrium. Those
measures reduce the threshold on the discount factor § and thereby offering ¢y becomes
the equilibrium strategy for physicians with a smaller discount factor as the threshold is
exceeded for smaller values of the discount factor.

In the Benchmark model, neither type of the doctor offers the high quality in the
equilibrium. Patients anticipate to be treated with the dissatisfying low quality and
never visit the doctor. In the PRW setting, depending on the discount factor of the
doctor, the high type will exert high quality in equilibrium. For small values of 7*, the

discount factor has to be higher. In the case of a doctor with a small discount factor and
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a small belief, the cost from offering high quality without being visited does not outweigh
the discounted future revenue from patients after revealing that the doctor’s type is H.
The doctor instead exploits the first patient who visits. This patient will be unsatisfied
with the low quality and therefore will expose the doctor as exerting low quality. The
belief threshold that ensures that the competent doctor does not exert the low quality
in equilibrium is the same, whether the competent doctor is exerting a pure strategy or
mixes between the two strategies.

In the PRW setting with pure strategies, in equilibrium, one patient will be possibly
left unsatisfied with the doctor’s treatment if the doctor’s type is L. If the doctor did not
treat a patient before, with probability myqy a patient may visit every period up until a
patient does get treated. As patients update their beliefs in this setting, no other patient
will visit the doctor after the first unsatisfied visitor. The patients learned the true type
of the doctor. After the first visit, all other patients decide against getting treatment and
receive the base utility as implied by their type. If the doctor’s true type is H, patients
will learn the true type after the first patient visited and no patient is unsatisfied.

Consider now a type L doctor in the PRW setting if the belief of the patients is
sufficiently high and the competent doctor chooses the probability with which ¢ is ex-
erted. In the mixed strategy equilibrium, there will as well always be one dissatisfied
patient before patients learn the true type of the doctor. There can potentially be up to
K dissatisfied patients, if the doctor can receive K negative ratings before the patients’
belief is no longer high enough that they choose to visit. Furthermore, if 1 > 7 > 7*
the competent doctor in this case exerts qy with positive probability smaller than one.
Therefore, patients can even be dissatisfied with the competent doctor’s treatment in the
PRW setting with sufficiently high belief. Nevertheless, the ex ante expected utility of
the patients is higher in both variants of the PRW setting than in the Benchmark setting.
This is because, although with positive probability some patients are dissatisfied in the
PRW setting with mixed strategies, this is compensated by the ex ante expected utility
from being treated with the high quality by the type H doctor instead of all patients

receiving their base utility from not getting treated.

Findings from applied work show that Physician Rating Websites in Germany were
frequently updated with new ratings over the last years. Furthermore, the number of
ratings a physician received on the platform is positively correlated with the ratings
being positive. An increasing number of physicians, including specialists but also general
practitioners, in Germany have been rated on one of the important PRW in Germany.
In Emmert and Meier (2013)| it is reported that 30 percent of general practitioners (and
overall 37 percent physicians of varying specialties in primary care) in Germany by 2012
were rated on the Physician Rating Website jameda.de. General practitioners furthermore

belong to the highest rated physicians on the platform. Those findings were confirmed
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in a second study building on more data from the years 2016 to 2021 in Emmert and
McLennan (2021)l Ratings on PRWs used to be rare and positive, which could have
negatively affected validity and usefulness of information displayed on PRWs. But over
the past years, the number of ratings on PRWs has increased while trends regarding
positive ratings have been stable. By 2021, more than half of all German physicians have
been rated on jameda.de, although the number of ratings declines over the last 2 years.
Physicians with a higher number of ratings overall receive significantly better ratings.
The relationships of health care providers and patients usually involve a combination
of both repeated interactions and first-time interactions. In the models presented in
section [4] and section [5 the analysis was restricted to the influence of public ratings
published on a PRW in a market where patients and the physician meet for the first time.
Cai et al| (2014)| show that feedback systems can be especially beneficial in situations
where there is no established relationship between buyers and sellers and trade occurs
only once as opposed to repeated interactions and word-of-mouth reputation. It is safe to
assume that most physicians usually have a number of regular patients. Those patients
have repeated interactions with their physician and may benefit less from a public rating
system as provided through a PRW as they have their own experiences. On the other
hand, for example because of different demographics, other types of patients are more
prone to search for and compare different physicians before deciding to visit one. Lépez
et al) (2012) among other findings point out that in their sample a great share of online
reviewing patients for which demographics were available is young, well-educated and
healthy. This can be an indication that doctors with more and higher ratings may receive
these good reputations from types of patients who are more actively engaging in the choice
process. On the other hand, physicians with only a small number of patients and more
varying rating scores may be visited more by their regular patients and less frequently by
new patients. Furthermore, it is still important to note that by far not all patients of a
physician rate their experience on some Physician Rating Website. As there exist different
platforms, physicians may also be rated by different patients on different platforms.
Ratings are to a certain extend always based on the perception a patient has of
the success of a treatment rather then objective quality measures. Nevertheless, they
prove useful for physicians and patients. Emmert, Meszmer, and Sander (2016)| find
in an online-based cross-sectional study by surveying physicians and other health care
providers that physicians show interest in responding to online ratings with measures to
improve (perceived) patient care. Physicians preferred scaled-survey ratings over narra-
tive comments of former patients. In Greaves et al| (2012), the authors examined the
associations between web-based patient ratings on the government’s English family prac-
tices rating website 'NHS Choices’ and conventional measures of patient experience as
well as clinical quality in primary care. They find moderate associations between patients’

ratings and feedback from conventional surveys of patient experiences but only a weak
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association between ratings and clinical outcomes. Okike et al| (2016)|find that patients
are increasingly using PRWs when choosing their doctor. However, they found no corre-
lation between online ratings of physicians from five US states and 30-day risk-adjusted
mortality rate following coronary artery bypass graft surgery. In a more recent analysis
using machine learning and data from both Yelp and Medicare, Chen and Leq (2021)| find
that online physician rating platforms can promote efficiency by disseminating impor-
tant quality information to patients and directing patients to higher-quality physicians.
Although the analyzed reviews primarily describe physicians’ service quality and inter-
personal skills, ratings are positively associated with important conventional measures of
clinical quality, including physicians’ credentials, their adherence to clinical guidelines,
and their patients’ risk-adjusted health outcomes. To capture the effects of online rat-
ings on patients’ physician choices, the effects of ratings on patient flow, measured by
physicians’ patient revenue and patient volume, are examined. They find that a 1-star
increase in a physician’s average rating increases physicians’ patient revenue and volume
by 1.9% and 1.2%, respectively.

7 Conclusion

A Benchmark model was introduced in which in an infinitely repeated game one doctor
chooses the quality of a treatment. A myopic patient drawn from a distribution of
heterogeneous types every period decides whether or not to get treated by the doctor.
The doctor gains revenue from every patient who decides to get treated. Patients take
into consideration their base utility induced by their type in case of no treatment and
the expected utility in case of treatment. In equilibrium, both types of the doctor will
exert the low quality ¢, = 0 and no patient will visit the doctor.

Next, I analyzed the influence of public ratings on a rating platform on the quality
choice of the doctor. When making their decision, patients now rely on ratings former
patients of the doctor left in previous periods of the game. The expected utility of the
patients is dependent on their belief of the doctor’s type. The belief is updated according
to the ratings of the doctor. Two types of equilibria are identified. In the Separating
Equilibrium, a type H doctor will exert the costly high quality in every period while a
type L doctor treats patients with low quality. In the Pooling Equilibrium, both types of
the doctor exert the low quality. In the Benchmark model, the Pooling equilibrium is the
unique equilibrium. In the PRW setting on the other hand, the Separating Equilibrium
takes place if the belief is greater than or equal to the ratio between period cost and
the expected discounted future profit after patients have learned the true type of the
doctor weighted with the probability of this event. As the belief will be updated in the
rating platform model after the true quality of the doctor is exposed through a positive

rating, the type H doctor has an incentive to invest in the high quality if the discount
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factor exceeds a determined threshold. Intuitively, in the PRW setting, a type H doctor
whose discount factor is too small does in this case not invest in a good reputation by
exerting the high quality but instead exploits the prior belief of the patients to earn a
short-term profit before being exposed as playing gr. The results hold if the doctor can
choose the quality every period as well as if the doctor chooses before the beginning
of the game. Patients and the doctor are never worse off in the rating platform model
compared to the Benchmark model independent of the discount factors 6 and 5. In
the Separating-Pooling region, the doctor’s ex ante expected profit and patients’ ex ante
expected utility in the rating platform model are higher than in the Benchmark model.
In the Pooling-Pooling region, doctor’s ex ante expected profit and patients’ ex ante
expected utility in the Benchmark model are equal to the according profit and utility in
the rating platform model. The analysis was furthermore extended by allowing the type
H doctor to play a mixed strategy. If the belief of the patients is sufficiently high, the
competent doctor chooses a positive probability with which ¢y is exerted in dependence
of the belief. Depending on the belief threshold value, the doctor can receive a finite
positive number of negative ratings before patients expect the doctor to always exert the
low quality. For smaller values of the belief, if the belief decreases after a negative rating,
implying the number of negative ratings the doctor can still receive also decreased, the
type H doctor will play the high quality with higher probability than before. If the
patients’ belief is equal to the belief threshold that separates the equilibrium regions,
the competent doctor exerts the high quality with probability one. It is possible that a
patient is dissatisfied with the competent doctor’s treatment.

The doctor is never worse off in the PRW setting with mixed strategies compared
to the Benchmark setting. The patients are not worse off if their discount factor ( is
sufficiently high. In the Pooling-Pooling region, the ex ante expected profit of the doctor
and the ex ante expected utility of the patients in the Benchmark model are equal to
the ex ante expected profit and utility in the rating platform model. In the Separating-
Pooling region, the ex ante expected profit of the doctor and the ex ante expected utility
of the patients in the Benchmark model are higher compared to the ex ante expected
profit and utility in the rating platform model. In the Separating with Mixing-Pooling
region, the ex ante expected profit of the doctor in the rating platform model is higher
than in the Benchmark model. The ex ante expected utility of the patients in the PRW
model if the doctor plays a mixed strategy is higher compared to the Benchmark setting,
if § is high enough.

In future research it may be interesting to explore other kinds of patients. For example,
as explored before, ratings on physician rating platforms are not only based on the quality
of medical treatment but several other factors. Therefore, the perceived quality can
be highly subjective. This means that information regarding the quality of medical

treatment that is provided through ratings can be noisy. In the PRW models from section
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[ and [}, patients do not report the true treatment quality but they give feedback if they
where satisfied with the provided treatment quality which is dependent on each patient’s
type. Further increasing the degree of noise in the rating information will leave the basic
relationship of the expected demand being an increasing function of the patients’ belief
untouched but will most likely result in a more complex expected demand function.

My analysis was also restricted to a monopolistic doctor who does not face competi-
tion. Furthermore, in the presented models, the PRW is not included as an additional
agent. Including the rating platform as a third player in the game may give rise to inter-
esting dynamics and further insights. This is another promising research plan. Lastly, I
compared my findings in this paper to results from applied research, specifically on PRWs
in Germany. Insights were mostly limited to the number of ratings for each physician
and the overall numbers of 'good’ or ’bad’ ratings a physician received. A more thorough
analysis of data sets including the history of ratings for different physicians may provide

promising insights and comparison for current and future results.

A Proofs

Proof of Proposition[4 To find the threshold 7* it is sufficient to check for which values
of 7 it would be profitable for the type H doctor to deviate from the equilibrium strategy
and play ¢, = 0 instead. Then, V(0) = 0 and V' (7) would have to satisfy

V(r) > V*(m)
qHW — C
1—90

> . (12)

TrW > TqgW — ¢ + 0Tqy

c(l1—9)
Oqu(quw — c)

The same is true when evaluating an one-shot deviation to playing ¢; where the doctor

returns to playing gy after deviating to ¢, for one period. A deviation in the first period

is profitable if

mqpw + 0mqgV (0) + 6(1 — mqy)V*(7) > V*(m)
mqpw + omquV(0) > (1 — 6(1 — mqu))V* ()
mqpw + 6mqrV (0) > mqpw — ¢ + dmqy V*(1)
0> —c+ dmguV™(1)
c(1—19)

_— > T
dqu(quw — )

This reasoning holds analogously for a deviation in any other period.

1-6 . . . . . .
Define 7* := m. Because 7* is non negative, for it to be feasible it remains to
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be ensured that = < 1:

c(l1—=9)
S |
6qr(quw —c¢) ~
¢ < dqu(quw — ¢) + dc
5> < . (13)

qu(qguw —¢) + ¢

It is easy to see that if holds true, it is always profitable for the type H doctor to
play qg every period if the belief is 1 and not profitable to deviate to playing qr..

C

T @mu—a)Te concludes the proof. B

Defining 6, :=
Proof of Proposition[3. Tt is easy to see that if the type H doctor’s strategy o(hy, m) is
to play gz, = 0 in some given period ¢ with a history of ratings hy, it is not profitable for
the doctor to deviate to playing gy instead. The patients anticipate the doctor’s strategy
and the patient who is drawn in period ¢ therefore expects the treatment quality to be
zero, independent of the type of the doctor. Regardless of his own type, the patient will
therefore choose to not get treated by the doctor. This also means that the belief and
number of ratings will not change.

If patients anticipate that the type H doctor’s strategy o(h¢, m;) is to play gy in some
given period t with a history of ratings h;, the probability that the doctor will be visited
by a patient is given by m;qy. Therefore, the value function of a one-shot deviation to ¢y,

is given by
V(&(ht, 7Tt)) = MW + (SWtQHV(O'(ht+1, O)) + 5(1 — TtQH)V(O'<ht, 7Tt)).

If the type H doctor chooses to exert the low quality and is visited by a patient, this
patient will be unsatisfied with the treatment which results in a bad rating. As patients
anticipate the doctor’s strategy to be o(h¢, ;) and expect the type H doctor to exert high
quality in the given state, they will update their belief to 0 after a bad rating is reported.
Note that if the belief is 7 = 1 the type H doctor would deviate to exerting the low
quality if the belief of the patients is 7 = 1 and is then visited by a patient who will be
unsatisfied with the rating, patients will recognize this out-of-equilibrium behavior and
update their belief to 7 = 0. The value function in this case is given by V(o (h:,0)) =0

for all ex post histories hy.
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Deviating from strategy o(hy, ;) is profitable if V(& (hs, 7)) > V(o (he, 7t)):

TqgW + 57TtQHV(O'(ht+1, 0)) + 5(1 - WtQH)V(O'(ht, 7Tt)) > V(O'(ht, 7Tt))
Tequw + 0mquV (0 (hit1,0)) > (1 — 6(1 — mqp))V (o (he, 7))
Tquw > mqpw — ¢ + 6mquV (0 (hig1, 1))
w—c
c > 57thH%
c(1—19)

_— > Ty
Squ(quw —c) ~

Therefore, deviating from playing ¢qg is not profitable if # > 7* and deviating from ¢y, is

never profitable. It is easy to see that if § < i, no feasible m; exists. O

Proof of Proposition[J. Consider first the ex ante expected profit of the doctor in both
equilibrium settings for both models. If 7y > 7* (ensuring the Separating-Pooling region),
the ex ante expected profit of the doctor in the rating platform model, PREEW is given

by

qw—c
ToquW — ¢ + 0moqu 5=

1 —(5+57T0QH

ToqHW B 0 (qu — C) + 57qu1{%j

.1—5+57T0qH_ 1 =0+ 0moqu

—+ (1 —7'('[))

o *

(14)

and the ex ante expected profit of the doctor in the benchmark model, PR%,, is zero.
Therefore, PRE, < PREE™ and the doctor’s ex ante expected profit is higher in rating
platform model than in Benchmark model in the Separating-Pooling region.

If 7y < 7*, in the Pooling-Pooling region, patients anticipate that both types of the
doctor exert the low quality and no type of patient visits the doctor. The doctor’s ex ante
expected profit is the same in the Benchmark model and in the rating platform model:
PRB, = PREEW = .

The ex ante expected utility of the patients is equal as well: Because patients expect
the doctor to always exert the low quality, no type of patient will get treated. In every
period, a type of patient is drawn from the uniform distribution who will not get treated
by the doctor and receives the base utility equal to the patient’s type. The period utilities

are discounted with f:

=~ . [! 1 ! 1

In the Separating-Pooling region in the rating platform model, after the first patient
who received treatment from the doctor, future patients learn the doctor’s true type.

This happens with probability mgqy. Otherwise, the belief of the patients stays the same.
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Patients can only update their belief after a type of patient is drawn who decides to visit
the doctor. Every period, either a type of patient is drawn from the uniform distribution
who decides to visit the doctor and receives the utility according to the doctor’s type.
Then, the belief is updated. Or, if a type is drawn who decides to not get treated by
the doctor, this type will receive the according base utility and the belief again stays the

same. The value function of the patients is given by

TOgH 1 an qm do + ! a da
Un(mo) = / qu do +/ a da+ Smoqu Jo qu
0 ™

+ B(1 = moqu)Ur (o),

0qH 1=
(16)
if the doctor’s type is H and
! fol a da
Ur(mo) :/ o doz+57rquW~l—ﬁ(l — moqu )UL(To), (17)
TOq9H

if the doctor’s type is L.
With probability 7y, patients play against type H. Combining and simplifying the

equations above, the ex ante expected utility of the patients is then given by

1 2
mogy + 3 (1= mdak + Bmoan T4k ) (3 (1 — mit + Bmoan )

e +(1—m
’ 1—B(1 = moqm) ( ’ 1 —B(1 — moqm)
_ (L +mgai)(1 — B) + Broqu (1 + moag)
2(1 = B)(1 = B+ Brogn)
(18)
From comparing the ex ante expected profit and utility, Proposition |5| follows. O

Proof of Proposition[7. Given belief 7, for mixing between playing ¢;, and gy to be prof-
itable for the type H doctor in equilibrium, it must hold that deviating from mixing with
some probability p > 0 to either playing the pure strategy gy or the pure strategy qr in
a period is not profitable.

Note first, that if the belief is 7 = 1, i.e. patients know that the true type of the

doctor is H, the value function is given by

p(qrw — c)

V) ==7=5

which is maximized for p = 1 and the type H doctor will therefore always play ¢y in

equilibrium. Furthermore, a one-shot deviation to mixing with probability p € (0,1) is
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not profitable for the doctor as the value function
VP(1) = quw — pc + 0pquV (1) +6(1 — p)guV(0) + 6(1 — qu) V(1)

is only greater than V(1) if p > 1 for § > dpin.
Suppose the belief in some period is 7 and V(7~) denotes the value function which
captures the expected profit after a bad review in this period. The value function from

mixing with probability p is given by :
V(7) = p(rquw — ¢) + 0p*nqrV (1) + dp(1 — p)ma V(7)) + 6(1 — prqw )V (7)

which can be simplified to

p(rqpw — ¢) + op*nquV (1) + op(1 — p)mqV (7™)
1—6(1 —prqu) '

V(m) = (19)

On the other hand, the value function from deviating to playing the pure strategy qg is
given by

Vi = prqHw — ¢ + oprqgV (1) + 0(1 — prqy )V

which can be simplified to

_ prqpw — ¢+ dprqr V(1)

V(IH
1—6(1 — prqn)

(20)

and analogously the simplified value function from deviating to the pure strategy gq;, is

given by
prquw + oprqyrV (0)

v = . 21
1—0(1 - pmqn) @)

Combining and (21)), V(7~) must fulfill

prqaw — pe + 0p*mquV (1) + 6p(1 — p)mquV (77) > prggw — ¢+ dprquV (1)
(1 —=p)e+dp(l —p)rquV(r~) = dp(1 — p)manV (1)
&

Vi) > V(1) — 22
(7)) = V(1) T (22)
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and at the same time

PTqrW — pc + 5p27rqHV(1) +dp(1 — p)wqyV (77) > prguw + dprqrV (77)
Sp*mauV (1) — pe > dp*mquV(n™)
c
_ > - .
V)~ 2 V) (23)

H

From this follows the optimality condition

C
OpTqH ‘

V(r™) =V({1) - (24)

To verify that the same condition holds when evaluating one-shot deviations note that

prguw — pe + 5p*mqpV (1)+8p(1 — p)mguV(n ™) + 6(1 — prau)V ()
> prqugw — ¢+ dpmquV (1) 4+ 6(1 — prqm)V (7)
prqrw — pe+ 6p°mqu V(1) + 0p(1 — p)wquV(x~) > prquw — ¢ + Sprqr V(1) (25)

and

prqrw — pe + 0p*mquV (1)+6p(1 — p)mquV(n™) + 6(1 — prqu)V (7)
> prggw + oprqV (r™) + 6(1 — pray)V (m)
prTqEW — pc + 5p27TqHV(1) + 0p(1 — p)wqu V(™) > prggw + dprqyV(7™) (26)

yield the same equations used above for deriving the optimality condition.
Suppose the value of the belief is m where it is profitable to play the mixed strategy
(p(m), (1 —p(m))) for the type H doctor and after a bad review the belief decreases to 7,
where it is no longer profitable to mix but instead the best answer of the type H doctor
is to play ¢qr. Then, from and using the defintions of V' (0) and V(1), it follows that
c _c(1=9)

YO =Y S T St —

(27)

For to be feasible, it must hold that

c(1—=19)
Imqu(quw — ¢)
c(l1—=9)
6qr (qrw — c) =7

<1

I

implying the condition © > 7* on the belief for mixing to be the equilibrium strategy in
this case.
Furthermore, suppose there exists a threshold 7, where for all values of the belief

7w < 7 the updated belief after a negative rating is 7= < 7*, for all values n’ > 7 the
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updated belief after a negative rating is higher than 7* and 7= = 7*.

Rearranging equation yields that for 7 > 7 the optimal probability p is given by
c

Mm:ﬁ%wm—vw»

. Furthermore, p(7) = 1 if # = 7* Using

| mqpw —c+ om*quV (1)  quw(l —7*)
1—0+0m*qy T 1— 6+ gy’

V) - V() = V(1)

implies that

~ C(l —5+57T*QH)

p(7)7 = dg3w(l — )
It follows that
R p(A)
1—p(m)7
. Toqpw(l —7*) —c(1 = + 07 qn)
7'(' pr—

dghw(l — ) — (1 — 6 + om*qn)
Toqpw(l — %) = 7 (6gw(l — ) — c(1 — 6 + 67%qy)) + c(1 — 6 + dn*qu)
. mogpw(l — ) + (1 —a*)e(l — 6+ 6m*gn)
B dgrw(l — %)

_ . 1—0+0m"qu
T =1t
dqiw
1-96
7 :W*(l—l—i)%—c 5
quw dqhw
1—96
and using 7 = M
6qu(qrw — c)

c(1—-9) qu+c+ 1-0

™= c
oqu(quw —c)  quw 0qw
1—
- e - ) (qu+c+1>
dgirw \quw — ¢
_ c(1=90) [ 2qpw
m =
dghw \ quw — ¢
20(1 —
. c(l1—=9)
oqu(qrw — c)

Note, that 7 = 27*.
Furthermore, for all values of the belief in the range (7*, 7), the value function of the

type H doctor is given by V(7) = ¢\(dqy). The same is true for the value function if the
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belief is 7*. This can be verified by using the fact that if the belief drops to a value in
the range (0, 7*) after a negative rating, the value function of the type H doctor in this
case is zero. Plugging this into the expression for the value function if 7 € (7*,7) and if
m = 7*, respectively, yields the result.

Lastly, note that equation if the doctor is mixing with the optimal probability p

can be simplified to

c(quw—c—&—&rqHV(w*)) c2§7TqH<(V(1)—V(7r*))
s (V()—V (7)) 82122 (V(1) =V (r))?

(1-8)0mqu (V(1)=V (7—))+cdmqm
omqu (V(1)=V (7))

_ c(mgpw — c+omgr V(7)) + c?

(1 —=08)omqy (V(1) — V(™)) + cdmqn
_ crqy (w+ 6V (77))

orqy (quw —c— (1 =8V (7)) + ¢
_ c(w+oV(r))

5 (qmw — (1= V(n))

Vi(r) =

(28)

Rearranging equation for p, plugging the result into the formula of 7~ and rearrang-
ing for 7 yields the recursive formula for 7: For k£ > 1, the interval boundaries are defined

by the recursive formula

. (g (V) = V(rE ) —¢) +¢ (29)

T dqr (V(1) = V(r*=1))

and 7% = 7*.
From , the recursive formula for the value function is obtained: For k& > 1, the
value function of the type H doctor is defined by

¢ (w+ 6V (x5 1))
6 (quw — (L= 08)V (m+1))

V(r*) = (30)

and V(7%) = ¢

~ Sqm’

To finish the proof of case (i) assume that 1 > 7**1 > 7% for all k such that the limit
of (7*) exists and limy_,o 7 = # < 1. If 7* = 1 would hold, the type H doctor would

not mix but play the pure strategy qm. Therefore, from the recursive formula of 7 in
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follows for 7**1 < 1 and 7% < 1 that

™ (0gy (V(1) = V(7%)) — ¢) + ¢ — dqu (V(1) = V(xF)) <0
dqu (V(1) — V(xF)) -
c— gy (V(1) = V(")) o
S0 (VD) ik TS0
Sqn (VD) — V() =
V() < V() - 5qu (31)

must then hold for all k.
The value function V' is monotone increasing and bounded above, therefore

limy, 00 V(1) = V exists. From the recursive formula of 7* follows that

7 (0qu(V(1) = V) —c) +c
Squ(V (1) = V)

7 (6qgu(V(1) = V) —c) +c

1.

=1
I

7oquy(V (1) = V)

S
[

Therefore limy,_,o, 7™ = 7 = 1. But from this follows lim,_,, V(%) = V (1), contradicting
equation (31)).
If for some K, V(1) > V(7%) > V(1) — =% from which follows that

dqn

c
— > V(1) =Vt
s = V=V

1 0qH

V) VK~ e

If the doctor could choose an optimal mixing probability p(7) < 1, the optimality condi-
tion for 7 > 7% would imply a contradiction
c 1 ¢ 0qm

~ 0qy . V(1) = V(rK) ~ 0qmH ' c

™

It is easy to see that it is not profitable for the type H doctor to deviate from playing

the pure strategy gy in equilibrium, if 7 = 7*. O

Proof of Proposition[9. If 7o > 7* > 0.5, the ex ante expected profit of the type H doctor
is given by ¢\ (dqy). The same is true for the type L doctor. If 7 > 7*, the type H doctor

exerts gy with probability p(7) = . After a negative rating, the belief decreases

c
omqr V(1)
to 7~ < 7* and patients anticipate that both types of the doctor exert q;, = 0. Consider

the case of type L. In the first period, a patient is drawn who decides to visit the doctor
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with probability p(mg)m. After a visit, the doctor will receive a negative rating and the
belief falls to 7, < 7*. In all following periods, the patients will expect booth types of
the doctor to exert the low quality ¢;, = 0. Therefore, the ex ante expected profit of the
type L doctor is given by

p(mo) Toqrw O o cw ¢

1— 6+ 0p(mo)moqr 1_6+5ch(1)7‘-0q}{ N 1—5—1—% - d(qgw —c¢) +6c bqy

c
It follows that the ex ante expected profit of the doctor is given by PRPEW —= Son
qH

With probability my, the doctor’s type is H and the ex ante expected utility of the

patients in this case is given by

p(TrO) fop(m)ﬁqu qrdo + fpl(ﬂo)ﬂo(m ada

I 5(1 - P(WO)WOQH)

(;IH quaJrfqu ado

. pmo)moqn B2 ™ (1 () (o) moqu B
1 — B(1 — p(mo)moqm)

fol ado
= (32)

And with probability 1 — g, the doctor’s type is L and the ex ante expected utility in

this case is given by

Jo ada

5 (33)

fpl(ﬂo)ﬂolIH ada + p(WO)WOQHﬁ
1= B(1 = p(mo)moqu)

Combining the results from above, the ex ante expected utility of the patients is given by

p(mo)?m3qz (1 — B) + Bp(mo)moqu (1 + p(mo)moqF;)
2(1 = B)(1 = B(1 = p(mo)moqs)) ‘

(34)

The ex ante utility of the patients exceeds the ex ante expected utility in the Benchmark
. 1 — p(mo)*moqy;

model, if § > .

1 — (1 = qu)p(mo)*m5aE

If mg = n*, the type H doctor will play the pure strategy qgz. The ex ante expected
profit of the doctor and the ex ante expected utility of the patients are the same as in
the Separating-Pooling region in the Physician Rating Website model for my = 7*. The

ex ante utility of the patients if the belief is m = 7* is

Sy v+ Bran 325 (35)
1—p8(1 —7mqy)

if the doctor’s type is L. The intuition is as follows. If a type of patient is drawn, who
does not visit the doctor, the patient receives the base utility and the belief does not

change. If a type of patient is drawn who visits the doctor, the patient receives a utility
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of zero. The belief is updated to zero from the next period on, all patients do not visit
the doctor and receive their base utility a according to their type. The ex ante utility of
the patients is
1 JIH gpdat [ ada
fOWQH quOé + fﬂ-qH ado 4 57TQH 0 = 9H
1—8(1—7qu) ’

(36)

if the doctor’s type is H. This is because, if a type of patient is drawn who does not visit
the doctor, the patient receives the base utility. if the doctor is visited, the patient will
receive a utility of gy and the belief increases to 1. Afterwards, the doctor always exerts
the high quality and all visiting patients receive a utility of qp.

Analogously to the pure strategy case, the doctor’s type is H with probability

which in this case then equals 7*. The ex ante expected utility of the patients is given

1-90
bYWlth 7T0:7T*: C( )

Sqnw(qaw —c))’

(14 (7)2q3) (1 = B) + Br*qu (1 + m*qf;)
2(1— B)(1— B+ Brqn) '

Consider 1 > my > 7* and 7* < 0.5. The ex ante expected profit of the type H doctor
in the mixed strategy equilibrium if g > 7* is given by

c(w+dV(my))
d(guw — (1 = 0)V(m))

and the ex ante expected profit of the type L doctor is given by

CTOGgH W
p(ro)moquw 5m0as (V(1) V() _ cw
1 — 0+ op(mo)moqn  (1=0)9moan(V()—V(ry ) tocroan — d(ggw — (1 —0)V (mg))”
émoqu (V(1)=V(mg )

Therefore, the ex ante expected doctor’s rent is given by the recursive formula

- ¢ (w+0V(my)) (1) cw _ comoV (my ) + cw .
(gnw — (1 =)V (my)) o(gnw — (1 =0)V(my))  dlguw — (1 =)V (my))

The ex ante profit of the doctor is increasing in V (7, ) and 7y > 7*, this implies
V(my ) > V(0). Therefore, the ex ante expected profit of the doctor is bound below by
c
— > 0.
oqH
In every period a type of patient is drawn from the uniform distribution. The period
utilities are discounted with 3. With probability of 7°, the doctor’s type is H. If a type

of patient is drawn who visits the doctor, with probability of p(7), this patient receives a
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utility of ¢y and the belief is updated to 1. In the following periods, all types of patients
whose base utility is smaller or equal to gy visit the doctor and receive a utility of gg.
With probability 1 — p(7), the patient is treated with g, = 0, gives a negative rating and
the belief decreases. All remaining types receive their base utility according to their type
a. If the doctor’s type is L and a type of patient is drawn who visits the doctor, the
patient receives a utility of 0. The patient gives a negative rating and the belief decreases.
If the doctor is not visited, the belief does not change. If 7 > 7*, the value function of
the patients is given by the recursive formulas

)T 1
p(m) - fop( I do + et

1-p6(1- p(ﬂ)qu)ﬂqH

TH qua+fq1H ada

Bp(m) T - - + B(1 = p(m))p(r) T U(7")

+ 38
1—B(1 —p(m)mqn) (38)
if the doctor’s type is H and by
1 _
Jotrymay Qe+ Bp(m)mqrU(n™) (39)

1—B(1 —p(m)mqy)

c
- omqu(V(1) = V(7))
functions are given as in and , respectively. If 7 < 7*, all patients receive their

base utility, as described in the beginning of the section.

if the doctor’s type is L. Furthermore, p(m) . If 7 = 7*, the value

The doctor’s type is H with probability my. Therefore, the ex ante expected utility of
the patients is given by the recursive formula

p(ﬂ.o) . fop(wo)m)QH qda + fpl( ada

T0)TOqH

1 —B(1 —p(m)mqn)
f(;IH quonrfqu ado

N Bp(mo)*n3qn - + Bp(m0) (1 — p(mo) o) moqu U (my )

40
1 —B(1 = p(mo)moqum) 0)
1
. o _ _ Jy adex 1
As the formula is increasing in U(rw, ) and U(m,) > =5~ XT=5) the ex ante
utility of the patients is bound below by
p(Wo) . fop(wo)ﬂOQH quOé 4 fpl(ﬂo)ﬂ.qu ada
1= 51 = p(m)mqu)
JdH da+fq1 ada 1 ada
Bp(mo)ToqH (P(WO)WO : qH1—5 — + (1 _P(WO)WO)I%—Z )
_l’_
1 — B(1 = p(mo)moqu)
_ (1= p(mo)*moqzr) (L = B) + Bp(mo)mogu (1 + p(mo) mogiy) (41)

2(1 = 8)(1 = B(1 — p(mo)mogqs)
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The ex ante expected utility patients in the Benchmark model is not greater than . O]

B Graphs
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Figure 11: The threshold 7*
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