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Abstract

We study a signaling game in which a doctor has private information about her level
of intrinsic motivation. A doctor with higher intrinsic motivation is expected to deliver
higher-quality care, bringing more benefits to patients. A public agency publishes the
doctor’s performance report, and pays her a performance-contingent bonus. Based on
the published performance report, patients make an inference about the doctor’s level
of intrinsic motivation. The public reporting causes the doctor to be concerned about
her social image, thereby incentivizing her to improve care quality so as to establish a
reputation that her intrinsic motivation is high. We find that increasing the size of the
performance-contingent bonus might make it more costly for the doctor to preserve such
a reputation, causing her to compromise her social image and reduce care quality. To
counteract such crowding out effects, policymakers can amplify reputational concerns

via disseminating the performance report more widely.
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1 Introduction

To improve healthcare quality, policymakers often implement public reporting (i.e.,
publishing providers’ quality measures) and pay-for-performance (i.e., rewarding high-
performing providers with bonuses) in tandem. For instance, in the United Kingdom,
the National Health Service disseminates quality measures of family practices, and
employs a pay-for-performance program named as Quality and Outcomes Framework
(Doran et al. (2006); Gravelle et al. (2010); Serumaga et al. (2011)).! In the United
States, the Centers for Medicare and Medicaid Services disseminates quality measures
of hospitals, and employs the Hospital Value-Based Purchasing Program, which pays
bonuses to high-performing hospitals (Kim et al. 2022a).? Likewise, the Integrated
Healthcare Association disseminates quality measures of medical groups, and employs
pay-for-performance programs named as Align. Measure. Perform. (Rosenthal et al.
(2005); Mullen et al. (2010)).? In Australia, all public hospitals’ quality measures are
publicized on the MyHospitals website;* concurrently, the Queensland Department
of Health implements the Quality Improvement Payment Program, which rewards
public hospitals that perform well on selected quality measures (Cadilhac et al. (2019);
Grimley et al. (2023); Queensland Health (2018)).

Public reporting is intended to cause providers to be concerned about their reputations,
thereby inducing them to improve quality so as to protect their social images and
market shares (Berwick et al. (2003); Hibbard et al. (2005); Prang et al. (2021)). Might
increasing the power of pay-for-performance (i.e., increasing bonus sizes) weaken the
effectivenessrofrpublicrreporting? To address this question, we formulate a signaling
game in which a doctor’s published quality measure serves as a signal that allows

patients to make an inference about her level of intrinsic motivation. According to

"https://digital.nhs.uk/services/quality-and-outcomes-framework-qof-online-database  [accessed:
20 August 2025]

2https://www.cms.gov/medicare/quality /initiatives /hospital-quality-initiative /hospital-value-
based-purchasing [accessed: 20 August 2025]

3https://iha.org/performance-measurement /amp-program/ [accessed: 20 August 2025]

“https://www.aihw.gov.au/reports-data/myhospitals [accessed: 20 August 2025


https://digital.nhs.uk/services/quality-and-outcomes-framework-qof-online-database
https://www.cms.gov/medicare/quality/initiatives/hospital-quality-initiative/hospital-value-based-purchasing
https://www.cms.gov/medicare/quality/initiatives/hospital-quality-initiative/hospital-value-based-purchasing
https://iha.org/performance-measurement/amp-program/
https://www.aihw.gov.au/reports-data/myhospitals
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Ratanawongsa et al. (2006) and Goel et al. (2018), healthcare providers’ intrinsic
motivation stems from a variety of sources, such as the desire to heal patients, to
utilize their skills, to tackle intellectual challenges, and to connect with patients. It
is found that providers with higher intrinsic motivation not only exert more effort in
their core duties but also initiate quality improvement measures more proactively, thus
delivering higher quality of care along multiple dimensions (including effectiveness,

efficiency, accessibility, equitability, and safety) (Veenstra et al. 2022).

For our model, we assume that the doctor has two types: she is either a good doctor
with high intrinsic motivation or a bad doctor with low intrinsic motivation. The
doctor’s level of intrinsic motivation is her private information. We impose the following
assumptions on intrinsic rewards. First, the good doctor’s marginal intrinsic reward
from improving care is higher than the bad doctor’s. Second, the doctor’s marginal
intrinsic reward diminishes as she exerts more effort. Third, the good doctor’s marginal
intrinsic reward diminishes more slowly than the bad doctor’s. These assumptions align
with some existing theoretical and empirical works. For instance, according to identity
economics, an agent obtains a greater reward when her action reflects her identity
(Akerlof and Kranton 2000, 2005). In our context, the good doctor exhibits a higher
and more sustained marginal intrinsic reward since providing high quality care is part of
her valued identity. Additionally, there is empirical evidence that workers with greater
desires to explore and grow are more persistent on tasks (Fishbach and Woolley 2022).
This might suggest that the marginal intrinsic reward (e.g., enjoyment and pride) of a

highly motivated doctor diminishes more slowly than that of a less motivated one.

A public agency disseminates the doctor’s quality measure, and employs a pay-for-
performance scheme that rewards the doctor based on her quality measure. The public
reporting causes the doctor to be concerned about her reputation (i.e., the probability
that the patients assign to the event that she is good). The doctor’s reputational
concerns are non-pecuniary in the sense that the doctor simply feels good if the patients

believe that she is good with a high probability. Empirical evidence of such non-



pecuniary reputational concerns is found in Hibbard et al. (2003), Hibbard et al. (2005),
Hamblin (2008), Bevan and Hamblin (2009), and Sun et al. (2021). We assume that the
doctor’s reputational concerns are more intense if her quality measure is more accessible
to patients.” In addition, we assume that the doctor’s non-pecuniary reputational
payoff function is strictly increasing and strictly concave in the probability that the

patients assign to the event that she is good.

We establish sufficient and necessary conditions under which increasing the power of
pay-for-performance crowds out the reputational concerns induced by public reporting
(i.e., increasing the bonus size weakens the effectiveness of public reporting). Our
main result is that crowding out might arise if the doctor’s reputational concerns
are moderate. The intuition is as follows. Initially, since the reputational concerns
are sufficiently high, the bad doctor provides high quality to mimic the good doctor
and induce the patients to believe that she is good with a positive probability. After
an increase in the bonus size, the good doctor makes a relatively substantial quality
improvement. This is because the good doctor’s marginal intrinsic reward diminishes in
care quality relatively slowly (compared to the bad doctor’s marginal intrinsic reward).
As a result, for the bad doctor, it becomes more costly to mimic the good doctor and
preserve a positive social image. As the mimicking cost outweighs the reputational
concerns, the bad doctor gives up mimicking and reduces quality, causing the patients
to believe that she is bad. If the probability of a bad doctor is sufficiently high, then

the expected quality (taken over the doctor’s type) declines.

We show that the public agency can counteract the crowding out effects and improve the
expected quality by amplifying reputational concerns (for instance, via disseminating
the doctor’s quality measure more widely). As the bad doctor grows more concerned

about her reputation, she increases her probability of mimicking the good doctor,

5The accessibility of healthcare quality measures varies across countries. For instance, in the United
States, the United Kingdom, Australia, France, and the Netherlands, providers’ performance reports
are often detailed, comprehensive, and easy to access; on the contrast, in Canada, Germany, and
Portugal, providers’ performance reports often contain limited information or are difficult to access
(Siciliani et al. (2017); Slater et al. (2020); Prang et al. (2021)).



even though mimicking has become more costly due to the higher power of pay-for-
performance. Consequently, the expected quality rises strictly before plateauing at its
peak. We find that the expected quality is more sensitive to reputational concerns if
the reputational payoff function is more concave. In addition, if the reputational payoff
function is more concave or the ex ante probability of a good doctor increases, then a
lower degree of reputational concerns is required to ensure that the expected quality

exceeds the pre-intervention level.

Throughout the main body of this paper, we assume that the doctor’s reputational
concerns are non-pecuniary and her non-reputational payoff function is quadratic.
These assumptions allow us to simplify our analysis and deliver clear intuition for
our results. In Appendix B, we investigate an extension in which doctors have both
pecuniary and non-pecuniary reputational concerns, and their non-reputational payoff
functions are not restricted to being quadratic. In particular, we assume that the
public agency pays each doctor a capitation fee per patient.® If a doctor establishes a
better reputation, then she attracts more patients and earns a higher income. Thus, the
doctor has pecuniary reputational concerns in this context. We show that crowding out
might arise if the doctors’ aggregate reputational concerns (defined as the combination
of pecuniary and non-pecuniary reputational concerns) are moderate. This aligns with

the main result derived in the main body.

The rest of the paper is organized as follows. In Section 2, we review the related
literature and position our contributions. In Section 3, we present our baseline model,
in which the doctor’s reputational concerns are non-pecuniary and her non-reputational
payoff function is quadratic. In Section 4, we define our solution concept of Restricted
Perfect Bayesian Equilibrium, and show that an equilibrium exists and is unique. In
Section 5, we show that increasing the power of pay-for-performance makes it more
costly for a bad doctor to mimic a good doctor. In Section 6, we establish sufficient and

necessary conditions under which increasing the power of pay-for-performance crowds

5This payment method (known as capitation) is commonly used in practice (Mathauer and Dkhimi
2019).



out the reputational concerns induced by public reporting. In Section 7, we show that
policymakers can counteract crowding out by amplifying reputational concerns. In
Section 8, we present empirical evidence that aligns with our main result. Section 9

concludes. All proofs are relegated to the Appendix.

2 Related Literature

Closest to our paper is Olivella and Siciliani (2017). The authors study a signaling
game that is very similar to our baseline game. In their model, there are a doctor (who
has private information about her degree of altruism), society, and an insurer. The
doctor receives a bonus according to a pay-for-performance scheme sponsored by the
insurer; concurrently, her quality measure is published by policymakers. Based on this
quality measure, the society makes an inference about the doctor’s degree of altruism.
The doctor has non-pecuniary concerns about her reputation (i.e., the probability that
the society assigns to the event that she has a high degree of altruism). Notably, the
doctor’s intrinsic reward is expressed as a fraction of the patients’ well-being, which is
concave in care quality. Due to this assumption, the high-altruism doctor’s marginal
intrinsic reward diminishes in quality faster than the low-altruism doctor’s marginal
intrinsic reward. The authors show that under regularity conditions, increasing the
power of pay-for-performance crowds in the reputational concerns induced by public

reporting (i.e., it strengthens the effectiveness of public reporting).

In our paper, the doctor’s intrinsic motivation stems not only from altruism but also
from other sources (see Remark 1 for details). Thus, we do not require that the doctor’s
intrinsic reward be expressed as a fraction of the patients’ well-being. This allows us
to make alternative assumptions on the relations between the good doctor’s marginal
intrinsic reward and the bad doctor’s marginal intrinsic reward. We find that crowding
out arises if all of the following hold: the marginal intrinsic reward of the good doctor
diminishes in quality more slowly than that of the bad doctor, the increase in the

power of pay-for-performance is modest, the ex ante probability of a good doctor is



sufficiently small, the graph of the reputational payoff function is relatively bowed,
and the doctor’s reputational concerns are moderate. Via an example, we demonstrate
that the parameter space that gives rise to crowding out is relatively large. This is
in contrast to Olivella and Siciliani (2017): when intrinsic reward is expressed as a

fraction of the patients’ well-being, crowding out is unlikely to arise.

Our paper is also related to Siciliani (2009). The author investigates how pay-for-
performance affects the care quality of an altruistic provider with reputational concerns.
He shows that increasing the bonus size might cause an intermediate-altruism provider
to reduce quality. Such crowding out arises because a large bonus damages the public
image of a high-quality provider (i.e., it makes a high-quality provider appear greedy
rather than altruistic). Our work suggests another reason for crowding out: increasing
the bonus size might make it more costly for a bad doctor to maintain a good reputation,

causing her to compromise her reputation and reduce quality.

Our paper, along with Olivella and Siciliani (2017) and Siciliani (2009), contributes
to the literature of the impacts of quality improvement interventions on healthcare
providers’ behaviors. Other papers in this literature include Gravelle and Sivey (2010),
Chen (2011), Ma and Mak (2014), Chen et al. (2016), Mak (2017), Chen and Sivey
(2021), Eggleston (2005), Kaarboe and Siciliani (2011), Kuhn and Siciliani (2013),
Sherry (2016), and Mak (2018). Unlike ours, these papers do not study the interactions

between public reporting and pay-for-performance.

Our paper, together with Siciliani (2009), also contributes to the literature of the
crowding out effects of pecuniary rewards on prosocial behaviors. There is abundant
evidence that pecuniary incentives discourage prosocial behaviors (see Bruers (2024)
for a literature review). For instance, Mellstrom and Johannesson (2008) find that the
number of female blood donors declines by almost half after remuneration is introduced.
Similarly, Ariely et al. (2009) present experimental evidence that introducing monetary
rewards fails to promote prosocial efforts when such efforts are publicly observed.

According to Janssen and Mendys-Kamphorst (2004), Bénabou and Tirole (2006), and



Siciliani (2009), crowding out occurs because the presence of pecuniary rewards spoils
the reputational value of good deeds (i.e., it creates doubt about the extent to which the
good deeds were performed for extrinsic rewards rather than altruism). According to
Self-Determination Theory, pecuniary incentives might crowd out prosocial behaviors
via directly reducing intrinsic rewards associated with such behaviors (Ryan and Deci
2000). Our paper proposes another explanation for the crowding out effects: pay-
for-performance might increase the cost of maintaining a positive social image, thus

discouraging prosocial behaviors and image building.

3 Model

The healthcare market consists of a doctor, patients, and a public agency.” For the
doctor, providing care quality ¢ yields an intrinsic reward of U(q|0) = f(8)q* + g(6)q,
where 6 is the doctor’s private type. This intrinsic reward stems from her desire to
heal patients, to utilize her skills, to tackle intellectual challenges, and to connect with
patients (see Remark 1 for details). We assume f(f) < 0 and g(6) > 0. Under these
assumptions, U is strictly concave in ¢, and is maximized at §(0) = —g(0)/[2f(0)] >
0.8 The doctor’s private type @ can take values in {,0} (with § > 6 > 0). The
ex ante probability that 6 takes value § is A € (0,1). We assume df/df > 0 and
dg/df > 0. Under these assumptions, 9*U/9qd0 > 0 and 93U /3q?06 > 0. It follows
that U (q|0)/0q > 0U(q|8)/dq (i.e., the marginal intrinsic reward of type 6 is higher
than the marginal intrinsic reward of type 0) and 92U (q|0)/0¢*> > 0*U(q|6)/0¢? (i.e.,
the marginal intrinsic reward of type @ diminishes in care quality ¢ more slowly than
the marginal intrinsic reward of type ). We refer to type 6 as the good doctor, and
to type 6 as the bad doctor (the good doctor has higher and more persistent intrinsic
motivation than the bad doctor). The cost of providing quality ¢ is C(q) = c1¢® + c2q

(with c1,co > 0) regardless of the doctor’s type. This cost captures the disutility of

"Examples of such a public agency are the National Health Service in the United Kingdom and the
Centers for Medicare and Medicaid Services in the United States.

8Excessive workload results in emotional exhaustion (West 2024), causing the intrinsic reward to
decline. Thus, 0U(gq|6)/dq < 0 for ¢ > ¢(0).



effort as well as the opportunity cost of time spent on diagnosing and treating patients.

The public agency pays the doctor a lump sum 7', and employs a pay-for-performance
scheme p that works as follows: if the doctor provides quality ¢, then she receives a
bonus of pg from the agency. In addition, the public agency disseminates the doctor’s
quality measure q. When the patients observe this quality measure, they believe
that the doctor is good with probability p(g). Consequently, the doctor obtains a
reputational payoff of au(q)? (with o > 0 and 0 < 8 < 1).? The parameter a reflects
the degree to which the doctor is concerned about her reputation. The public agency
can amplify « by disseminating the quality measure more widely. As shown in Figure
1, the reputational payoff function is strictly increasing and strictly concave in p(q); as

B declines, the graph of the reputational payoff function becomes more curved.

Reputational payoffs
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Fig. 1 Reputational payoff functions (with 8; < B2 < (3)

In summary, if the doctor provides quality ¢, then her payoff is

U(ql0) + T + pq + au(q)’ — C(q). (1)

9We assume this functional form to establish clear conditions for crowding out.




We let V(q|p,0) = U(q|0) + T + pg — C(q) denote the doctor’s non-reputational payoff.
It follows from 92U /dq? < 0 and 9?C/0q? > 0 that V is strictly concave. We assume
g(0) > co, which implies 0V (0|p,0)/0q > 0. As a result, V(¢|p,0) has a unique
maximizer ¢*(p, 0); in addition, ¢*(p,#) > 0 and dq* /90 > 0 (i.e., without reputational
concerns, the good doctor provides higher quality than the bad doctor).!’ We refer to

q*(p,0) as the non-reputational optimum for type 6.

Remark 1. Many previous works assume that a doctor’s intrinsic motivation stems
solely from her altruism (i.e., the desire to improve patient benefit) (for instance,
Siciliani (2009), Choné and Ma (2011), Godager and Wiesen (2013), Makris and
Siciliani (20183), Olivella and Siciliani (2017), Lisi et al. (2020), and Ghandour et al.
(2022)). Specifically, the doctor’s intrinsic reward function takes the form: U(q|0) =
0B(q), where 0 is interpreted as the doctor’s degree of altruism, and B(q) captures the
patient benefit. With this functional form, if 02B/0q? < 0, then 03U /0q?06 < 0, which
implies that the good doctor’s marginal intrinsic reward diminishes faster than the bad

doctor’s marginal intrinsic reward.

In our paper, the doctor’s intrinsic motivation stems not only from her altruism but
also from other sources. For instance, it is found that providers are generally altruistic,
which implies that they feel rewarded for healing patients (Smith et al. (2012); Brock
et al. (2016); Wang et al. (2020); Attema et al. (2023)). In addition, providers
generally value the opportunities to utilize and develop their skills (Bovier and Perneger
(2003); Wright and Beasley (2004); Osborn et al. (2017)). Many providers enjoy
tackling intellectual challenges such as identifying diseases and finding cures (Lovecchio
and Dundes (2002); Noble (2006); Kim et al. (2016)). Besides, providers often value
the opportunities to establish meaningful connections with patients (Horowitz et al.
(2003); Osborn et al. (2017); Kim et al. (2022b)). For comprehensive overviews of
empirical studies on healthcare providers’ intrinsic motivation, see Ratanawongsa et al.

(2006), Goel et al. (2018), and Galizzi et al. (2020).*

« 2
0By the Implicit Function Theorem, 88% = _BQU/gqg/fag?g/é‘qQ > 0.

"“There are many commentaries that explain common intrinsic motivators among healthcare
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We view the intrinsic reward U(q|0) as a mizture of various components (generated from
the various sources of intrinsic motivation mentioned above). Thus, we do not express
U(q|0) as a fraction of patient benefit. This allows flexibility in specifying the relations
between the good doctor’s marginal intrinsic reward and the bad doctor’s marginal
intrinsic reward. Since our objective is to establish conditions for crowding out, we
focus on the case where the marginal intrinsic reward of the good doctor diminishes
more slowly than that of the bad doctor. In Section 6, we derive a complete set of

conditions for crowding out.

4 Restricted Perfect Bayesian Equilibrium

Since the solution concept of Perfect Bayesian Equilibrium (henceforth, PBE) does
not impose any restrictions on out-of-equilibrium beliefs, there is a plethora of PBE
(which is usually the case for signaling games). We circumvent this issue by combining
PBE with the following restrictions. First, the good doctor provides quality ¢*(p, @)
(i.e., her non-reputational optimum), whereas the bad doctor either mimics the good
doctor or provides some quality ¢ < ¢*(p,). Second, beliefs satisfy monotonicity
(the conditional probability that the doctor is good is weakly increasing in quality)
and pessimism (when the patients observe an out-of-equilibrium quality measure, they

assign the smallest possible probability, subject to the first restriction, to the event

that the doctor is good). We formalize this solution concept below.

For each 0 € {0,0}, let Fy denote a mixed strategy of type . This is a cumulative
distribution function on Ry: for any quality ¢ € R, the probability that type 6’s
chosen quality is at most ¢ is Fp(gq). Recall that conditional on quality ¢, the patients
believe that the doctor is good with probability u(q). With strategy Fy, type 6’s

expected payoff is

W(Ep. 0 = [ {V(aln.0) + an(a)” }iFi(a) &)

providers; for instance, Allen (2017), Jubbal (2022), and Devon (2023).
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Definition 4.1. A Restricted Perfect Bayesian Equilibrium (henceforth, RPBE) is a

triple (Fé“,Fg,u*) such that

(a) Fylg*(p.0)] = Fyq"(p.0)] = 1 and Fj(q) =0 for any ¢ < ¢*(p,0),
(b) Fy and Fj satisfy incentive compatibility:

W(Fg|p,0, u*) = W(Fylp, 0, ) (3)
for each 6 € {0,0} and each mived strategy Fy,

(c) p* satisfies Bayes’ rule (whenever possible), monotonicity, and pessimism:

A
A+ (1 - )\){FQ*[(]*(;D, é)] - limq%q*(pﬂ_)_ FQ*(Q)}

w(q) =

for ¢ > q*(p,0), and p*(q) =0 for ¢ < q*(p,0).

Condition (a) requires that the good doctor choose her non-reputational optimum

q*(p,8) with probability one, and the bad doctor use a mixed strategy with support

[0,¢*(p,0)]. If the patients observe quality ¢*(p,#), their belief 1*[¢*(p,8)] follows

Bayes’ rule as in equation (4). We note that with mixed strategy Fj, the bad doctor

provides quality ¢*(p,0) with probability F7[q"(p, 0)] — mg .0~ F5(q). Due to

condition (a), any quality ¢ > ¢*(p, @) is off the equilibrium path. Monotonicity and

pessimism require that p*(q) = p*[¢*(p, 0)] for any ¢ > ¢*(p, #). If the patients observe

any quality ¢ < ¢*(p,0), then pessimism applies: they believe that the doctor is bad

since the good doctor does not provide such quality.

This equilibrium refinement is introduced by Olivella and Siciliani (2017). They find
that after the elimination of all PBE that fail monotonicity and pessimism, many
PBE remain. For instance, if the doctor’s reputational concerns are sufficiently strong,
then there is a pooling PBE in which both the good doctor and the bad doctor
choose the good doctor’s non-reputational optimum ¢*(p, #); concurrently, there is a
separating PBE in which the good doctor chooses some quality ¢; that is above her non-

reputational optimum ¢*(p,#), whereas the bad doctor chooses her non-reputational

12



optimum ¢*(p,0). In both PBE, the equilibrium beliefs satisfy monotonicity and
pessimism. To avoid the multiplicity of equilibria, the authors require that the good
doctor choose her non-reputational optimum for their solution concept. As we encounter

similar issues in our paper, we follow Olivella and Siciliani (2017) in selecting PBE.!?
Proposition 1. There is a unique RPBE (Fy, Fj, ji*).

(a) If a > $(p) /NP, then (Fy, Fy,1*) is a pure strategy pooling equilibrium, in which

both the good and bad doctors provide quality ¢*(p,0):

0 forq<gq*(p,0)
Fy(q) = ,

1 forq>q*(p,0)

and p*(q) = X for ¢ > q*(p,0).

(b) If a < ¢(p), then (Fy, Fy,pu*) is a pure strategy separating equilibrium, in which

the good doctor provides quality q*(p,0) and the bad doctor provides quality ¢*(p,8):

0 forq<q*(p0)
FQ*(Q): ’
1 forq>q*(p,0)

and p*(q) =1 for ¢ > q*(p,0).

(c) If p(p) < a < ¢(p)/N?, then (Fy, by, u*) is a mized strategy semi-separating

equilibrium, in which the good doctor provides quality q¢*(p,6) with probability one

and the bad doctor randomizes between ¢*(p,0) and q*(p,0) with probabilities p =
A1 — A)_l([a/gb(p)]l/ﬁ —1) € (0,1) and 1 — p respectively:

0 for q < q*(p,9)
Fgla)=9 1—=p forq*(p,0) < q<q*(p.f)
1 for q > q*(p, 5)

12We follow Olivella and Siciliani (2017) closely in formulating our solution concept. However, our
formal definition differs from theirs. They define pooling equilibrium (the bad doctor mimics the good
doctor), separating equilibrium (the bad doctor provides lower quality than the good doctor), and
semi-separating equilibrium (the bad doctor mimics the good doctor with some probability r € (0,1))
separately. We define a mixed strategy equilibrium that subsumes all three types of equilibria.

13



and p*(q) = [¢(p)/e]"/? € (A1) for q > q*(p,0).

As established by Proposition 1, if reputational concerns are sufficiently strong (o >
#(p)/N\?), then the bad doctor provides high quality to mimic the good doctor. By
contrast, if reputational concerns are relatively weak (a < ¢(p)), then the bad doctor
provides low quality and separates from the good doctor. If reputational concerns
are moderate (¢(p) < a < ¢(p)/N\?), then bad doctor mimics the good doctor with

probability 1 — p € (0,1). The proof of this proposition is in Appendix A.1.

5 Mimicking Cost

As explained in Section 4, to avoid the multiplicity of equilibria, we require that the

good doctor choose exactly her non-reputational optimum ¢*(p,#). In any RPBE, if
the doctor provides some quality ¢ > ¢*(p, @), then the patients believe that she is good
with a positive probability; otherwise, the patients believe that she is bad. Hence, for
the bad doctor, in order to mimic the good doctor (i.e., to induce the patients to believe
that she is good with a positive probability), she must choose the good doctor’s non-

reputational optimum ¢*(p, #) rather than her own non-reputational optimum ¢*(p, 9),

thus incurring a non-reputational loss of
¢(p) = VIig*(p,0)Ip, 0] — VIg*(p,0)Ip, 6. (5)

We refer to ¢(p) as the bad doctor’s mimicking cost.'® The following proposition claims

that increasing the power of pay-for-performance causes this mimicking cost to rise.

Proposition 2. Fiz any two pay-for-performance schemes p and p' such that p < p'.

We have ¢(p) < ¢(p").

13For the good doctor, in order to separate herself from the bad doctor (i.e., to avoid causing the

patients to believe that she is bad), she must choose her own non-reputational optimum ¢*(p, 0). Hence,
the good doctor’s cost of separating herself from the bad doctor is zero.

14



Marginal non-reputational payoffs
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The proof of this proposition is in Appendix A.2. We give some intuition below.
As shown in Figure 2, as the power of pay-for-performance rises from p to p’, the
good doctor’s non-reputational optimum rises from ¢*(p,#) to ¢*(p’,0), whereas the
bad doctor’s non-reputational optimum rises from ¢*(p,8) to ¢*(p’, 8). It follows from
23U /0q>06 > 0 that 93V/0q?00 > 0, which implies 9V (q|-,0)/0¢> > 0*V (q|-,8)/0¢>.
Under this condition, the good doctor’s marginal non-reputational payoff dV (q|-,9)/9q
diminishes in quality ¢ more slowly than the bad doctor’s marginal non-reputational

payoff OV (q|-,0)/0dq. Consequently, as the power of pay-for-performance rises, the good
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doctor’s non-reputational optimum rises more than the bad doctor’s. This implies

@, 0) —q*(p,0) > ¢* (', 8) — ¢*(p,8); equivalently,

Aq(p) = ¢*(p,0) — ¢*(p,0) < (', 0) — ¢* (¥, 0) = Aq(p'). (6)

Non-reputational payoffs

: Ag(p') ——
¢(p)

Aq(p) o(p')
o(p)
Aqlp)

n Y AW o )q
0 *(p,0) q¢*(p',0) q*(p,é)\ q*(p’,g)\
V(Ip,8) V(Ip',0)

Fig. 3 Bad doctor’s mimicking costs

Note: As illustrated by the two parallel tangent lines, the slope of V(:|p,8) at ¢*(p,0) +
Aq(p) equals the slope of V(-|p',0) at ¢*(p',0) + Aq(p).

As shown in Figure 3, under pay-for-performance scheme p € {p,p'}, in order to
mimic the good doctor, the bad doctor must provide a quality that exceeds her non-
reputational optimum ¢*(p,0) by Ag(p), and incur a mimicking cost of ¢(p). We
note that 92V /d¢? is independent of the power of pay-for-performance (as 9?V/9q¢? =
0?U/0q?> — 9*C/0q?), and is independent of ¢ (as 0°V/dq> = 0). As a result, for
any Ag > 0, the slope of V(:|p,0) at ¢*(p,0) + Aq equals the slope of V(-|p/,0) at
qg*(p',0) + Aq. This implies that under pay-for-performance scheme p’, as the bad

doctor switches from her non-reputational optimum ¢*(p’,0) to ¢*(p',8) + Ag(p), her
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non-reputational payoff declines by ¢(p). The mimicking cost ¢(p’) involves a switch

from ¢*(p’, ) to a point on the right of ¢*(p’,8) + Aq(p); hence, ¢(p) > ¢ (p).

6 When Does Crowding Out Arise?

In this section, we provide sufficient and necessary conditions for crowding out. We say
that increasing the power of pay-for-performance crowds out the reputational concerns
if it causes the bad doctor to compromise her reputation and reduce quality, leading

to a decline in the expected quality. We formalize this concept below.

Definition 6.1. Fiz any two pay-for-performance schemes p and p' such that p < p'.
We say that increasing the power of pay-for-performance from p to p’ crowds out the

reputational concerns if all of the following hold:

(a) under pay-for-performance scheme p, the unique RPBE is a pure strategy pooling

equilibrium, in which both the good doctor and the bad doctor provide quality q*(p,0),

(b) under pay-for-performance scheme p', the unique RPBE is a pure strategy separating
equilibrium, in which the good doctor provides quality q*(p',0) > q*(p,0) and the bad

doctor provides quality ¢*(p',8) < q¢*(p,0),

(c) the expected quality declines: \g*(p',0) + (1 — N)g* (', 0) < ¢*(p,0).

The following theorem establishes that crowding out arises if and only if all of the
following hold: the increase in the power of pay-for-performance is modest, the ex ante
probability of a good doctor is sufficiently small, the graph of the reputational payoff

function is relatively curved, and the doctor’s reputational concerns are moderate.

Theorem 1. Increasing the power of pay-for-performance from p to p' crowds out the
reputational concerns if and only if all of the following hold:

? 92U q* (p, 0)|0]

0q00 49,

(z')p’<p+/9
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(i) ) < o < 0(s).

In the following, we show that for any pay-for-performance scheme p, there exists some

profile (p/, A, 8, ) that satisfies p < p’ and conditions (i) — (iv). First, we note that

>0 (7)

/9 O°Ula"(p.0)16] ,, _ OULa"(p.6)I6] _ 0Ulq"(p,H)]¢)
0 0q06 dq dq

(since the good doctor’s marginal intrinsic reward dU (q|f)/dq is higher than the bad
doctor’s marginal intrinsic reward 0U(q|@)/0q). Hence, there exists some pay-for-
performance scheme p’ > p that satisfies condition (7). As illustrated in Figure 2,
if the gap between p and p’ is not too large, then ¢*(p/,0) (i.e., the bad doctor’s

non-reputational optimum under pay-for-performance scheme p') is below ¢*(p, 9) (i.e.,
the good doctor’s non-reputational optimum under pay-for-performance scheme p).'
This implies [¢*(p,0) — ¢*(',0)]/[¢*(P',0) — ¢*(p',0)] > 0. Hence, there exists some
probability A that satisfies condition (i7). Next, we recall that ¢(p) < &(p') (by
Proposition 2). Since In¢(p) < In¢(p’) and In A < 0, we have [In ¢(p) —In¢(p')]/In X >
0. Hence, there exists some parameter § € (0,1) that satisfies condition (éi7). Finally,

condition (i74) implies ¢(p)/N° < ¢(p')."> Hence, there exists some parameter « that

satisfies condition (iv).

4YWe give some intuition for this below. Under pay-for-performance scheme p, the good doctor’s
marginal non-reputational payoff equals zero at her non-reputational optimum; equivalently,

oUq"(p,0)0]/0q + p — 9C[q" (p, 0)]/0q = 0. (8)

Under pay—for-p_erformance scheme p’, the bad doctor’s marginal non-reputational payoff at ¢*(p,0)
equals U [q*(p, 0)|0]/0q + p' — OC[q*(p,0)]/Oq. This is less than zero if and only if

oUq" (p,0)|0]/0q +p" < dU[q"(p,0)|0]/9q + p, (9)

which holds if and only if condition (i) holds. Put differently, under pay-for-performance scheme p’,
the bad doctor’s non-reputational optimum ¢*(p’, 8) is below ¢*(p, #) if and only if condition (i) holds.
We note that this condition does not involve Clg*(p, #)]. This is because the cost of providing quality
q*(p, 0) is independent of the doctor’s type.

5Since In A < 0, condition (ii7) implies that In A = SIn X > In[¢(p)/p(p’)]. It follows that \* >

é(p)/é(p’). Multiplying both sides of this inequality by ¢(p')/\?, we obtain ¢(p’) > ¢(p)/N°.
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Example 1. Let U(q|f) = —307'¢*> 4+ 0q and C(q) = q. We note that 0*U/0q00 =
072 +1 >0 and O?U/0¢%00 = 072 > 0. Let § = 2 and § = 4. We can show that
q*(p,8) = 2+ 2p and ¢*(p,0) = 12 + 4p; in addition, ¢(p) = (p +5)%. Ifp = 1,
then conditions (i) — (iv) of Theorem 1 can be re-written as: (i) p' < 7, (it) X\ <
(7—p)/(5+p), (iii) B < [In36 —Ing(p)]/In A, and (iv) 36/X° < a < ¢(p'). It is
easy to verify that (p', \, B, ) satisfies these conditions if p' = 2, A = 0.5, and (8, «)

lies in the shaded region in Figure 4.

36/0.5°
49

36

;J; e e e e e e e e e e e
™

Fig. 4 The set of all pairs (,«) such that § < (In36 —In49)/In0.5 ~ 0.44 and
36/0.5° < o < 49

The proof of Theorem 1 is in Appendix A.3. We give some intuition for the sufficient
conditions below. As the power of pay-for-performance rises from p to p’, the bad
doctor’s mimicking cost rises from ¢(p) to ¢(p') (by Proposition 2). As shown in
Figure 1, since 3 is relatively small, a\? is relatively close to o (we note that a\® is the
reputational payoff associated with the belief that the doctor is good with probability
A, whereas « is the reputational payoff associated with the belief that the doctor is

good with probability one). Due to condition (iv), we have ¢(p) < al® < a < ¢(p').
By Proposition 1, under pay-for-performance scheme p, since ¢(p) < a)? (i.e., the bad
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doctor’s mimicking cost is outweighed by reputational concerns), the unique RPBE is
a pure strategy pooling equilibrium in which both the good and bad doctors choose

the good doctor’s non-reputational optimum ¢*(p,d). In this equilibrium, if the bad
doctor provides quality ¢*(p,f) to mimic the good doctor, then the patients believe
that she is good with probability A; by contrast, if the bad doctor provides less than
q*(p,0), then the patients believe that she is bad. If the bad doctor switches from her
own non-reputational optimum to the good doctor’s non-reputational optimum, then

her reputational payoff rises by a\?, whereas her non-reputational payoff declines by

#(p). As ¢(p) < aMP, it is optimal for the bad doctor to mimic the good doctor.

Similarly, by Proposition 1, under pay-for-performance scheme p’; since a < ¢(p')
(i.e., the bad doctor’s mimicking cost outweighs reputational concerns), the unique
RPBE is a pure strategy separating equilibrium in which the good doctor chooses her
non-reputational optimum ¢*(p’, ), and the bad doctor chooses her non-reputational
optimum ¢*(p’,8). In this equilibrium, if the bad doctor provides quality ¢*(p',0) to
mimic the good doctor, then the patients believe that she is good with probability one;
by contrast, if the bad doctor provides less than ¢*(p,f), then the patients believe
that she is bad. If the bad doctor switches from her own non-reputational optimum to
the good doctor’s non-reputational optimum, then her reputational payoff rises by «,
whereas her non-reputational payoff declines by ¢(p'). As a < ¢(p'), it is optimal for

the bad doctor to choose her own non-reputational optimum.

In summary, as the power of pay-for-performance rises from p to p/, the good doctor
increases her quality from ¢*(p,0) to ¢*(p’,0), whereas the bad doctor reduces her
quality from ¢*(p,0) to ¢*(p,8) (that ¢*(p',8) < q*(p,d) is due to condition (7)).
Accordingly, the expected quality changes from ¢*(p,8) to Ag*(p',0) + (1 — X)g*(p', 0).
Since the ex ante probability of a good doctor is relatively small, we have A\g*(p’,0) +

(1—=XN)g*(p',8) < ¢*(p,0) (i.e., the expected quality declines).
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7 Counteracting Crowding Out

Suppose the public agency aims to improve quality via increasing the power of pay-
for-performance from p to p’. As discussed in Section 5, this intervention makes it
more costly for the bad doctor to mimic the good doctor. Consequently, crowding out
might occur: the bad doctor gives up mimicking the good doctor and reduces quality,
causing the expected quality to decline (Theorem 1). In the following, we show that
the public agency can counteract the crowding out effects and improve the expected
quality by amplifying reputational concerns (for instance, through disseminating the

doctor’s quality measure more widely).

Let Q(a | p/,8,\) denote the expected quality (taken over the doctor’s type) under
pay-for-performance scheme p’. Recall that o measures the degree of reputational
concerns, 8 controls the curvature of the reputational payoff function, and X is the ex
ante probability that the doctor is good. As established by Proposition 1, if a < ¢(p/),
then the unique RPBE is a pure strategy separating equilibrium, in which the good
doctor provides quality ¢*(p’,#) and the bad doctor provides quality ¢*(p’,8); thus
Qla | p/,B,N) = Ag*(p,0) + (1 — Ng*(p',0). By contrast, if o > ¢(p')/\?, then
the unique RPBE is a pure strategy pooling equilibrium, in which both the good
and bad doctors provide quality ¢*(p’,0); thus Q(a | p/, 8, \) = ¢*(¢,0). If ¢(p') <
a < ¢(p') /NP, then the unique RPBE is a mixed strategy semi-separating equilibrium,

in which the good doctor provides quality ¢*(p,#) with probability one and the bad

doctor randomizes between ¢*(p,6) and ¢*(p,f) with probabilities p(« | p/,5,\) =
A1 — A)_l([a/qb(p)]l/ﬁ —1) € (0,1) and 1 — p(«r | p', B, \) respectively. Let the bad

doctor’s expected quality be denoted by
gGalp,B,0) = pla |, B, Vg (0, 0) + [1 = pla | o, 8, N)]q* (', ).

Then Q(a [ P/, 8,A) = Ag* (¥, 0) + (1 = Mgz (o | P/, 8, A). In summary,
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Ag*(p',0) + (1= N)g* (', 0) for o < ¢(p’)
Qe[ 78,0 =4 A" (0, 0) + (1 = Ngj(a [ P/, 8,))  for ¢(p) < o < d(p))/ N -

7 (p',0) for o > ¢(p') /NP

Recall that under pay-for-performance scheme p, the expected quality is ¢*(p,0). If
increasing the power of pay-for-performance from p to p’ crowds out the reputational
concerns, then Q(a | p/, 8,\) = A\¢*(p',0) + (1 — N)g*(p,8) < ¢*(p,0). The following
proposition establishes that as reputational concerns intensify, the expected quality @ is
continuous and non-decreasing. In addition, @) is strictly increasing and strictly convex
in the degree of reputational concerns a on the interval (¢(p'), ¢(p’)/A?). Moreover,
() is more sensitive to « if the the reputational payoff function is more concave. As
illustrated in Figure 5, there exists a unique cutoff o*(p/, 8,\) € (¢(p'), p(p')/\?) such
that the expected quality Q[a*(p/ BN | ,B,)\] equals the pre-intervention level

q*(p,0). We find that this cutoff decreases if the reputational payoff function is more

concave or the ex ante probability of a good doctor increases.

Expected quality

Q) ¢

q*(pa é) _____________________

Ag*(p',0) + (1 = Ng* (¢, 0)

')/ A

R SN R el

0 o(») ot (', B, )

Fig. 5 Expected quality function under pay-for-performance scheme p’

Proposition 3. The expected quality function Q satisfies the following properties:
(a) @ is continuous and non-decreasing in o on (0,00).
(b) 0Q/da > 0, 9*Q/da? > 0, and 5?Q/0adpB < 0 for a € (¢(p'), p(p')/N?).
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(c) There exists a unique cutoff a*(p', B, \) € (¢(p), p(p')/\?) such that
Q. 8. A) | P, 8. A] = ¢*(p. ).

In addition, 0a* /OB > 0 and 0a*/OX < 0.

The proof of this proposition is in Appendix A.4. We give some intuition below.
Generally speaking, an amplification of reputational concerns improves the expected
quality @ through increasing the bad doctor’s probability of mimicking the good doctor,
denoted by p(« | p, 8, A). Thus, @ inherits many properties from p(« | p/, 8,\). In a

mixed strategy semi-separating equilibrium,

A\ B
“<A+<1—A>p<a rpf,w)) o) 1o

where the left hand side is the bad doctor’s reputational gain from mimicking, and the

right hand side is her mimicking cost. As the degree of reputational concerns « rises
from ¢(p') to ¢(p') /NP, the mimicking probability p(« | p/, 3, \) increases strictly from
zero to one, ensuring that condition (10) holds. It is easy to show that p(« | p, 5, \)
is strictly convex in «, and is more sensitive to « if the reputational payoff function
is more concave. The expected quality @ inherits all these properties (0Q/da > 0,
9?Q/0a® > 0, and 9°Q/0adf < 0) on the interval (¢(p'), o(p’)/N°). We note that
the bad doctor’s mimicking probability equals zero for a@ < ¢(p'), increases strictly
from zero to one as «a rises from ¢(p') to ¢(p’)/N?, and equals one for o > ¢(p')/\P.
As a result, the expected quality @ is continuous and non-decreasing in « on (0, 00).
We can show that if the reputational payoff function is more concave or the ex ante
probability of a good doctor increases, then the mimicking probability p(« | p/, 5, A) is
more sensitive to «; thus, a lower degree of reputational concerns is required to ensure

that the expected quality @) exceeds the pre-intervention level ¢*(p,8) (i.e., the cutoff
a*(p', B, \) decreases if § falls and A rises).
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8 Empirical Relevance

In this paper, we provide conditions under which increasing the power of pay-for-
performance induces a good doctor to improve quality, but causes a bad doctor to
reduce quality. If the ex ante probability of a good doctor is sufficiently small, then the
expected quality declines or improves minimally (for Theorem 1, we impose a restriction

on this ex ante probability such that the expected quality declines strictly).

These results illuminate several empirical findings on the effects of pay-for-performance
on healthcare quality. For instance, Mullen et al. (2010) examine the effects of two
pay-for-performance programs introduced by PacifiCare and the Integrated Healthcare
Association in California in 2002/2003. They find that both programs did not result
in any major improvement nor notable disruption in care quality. Similarly, Figueroa
et al. (2016) investigate the effects of the Hospital Value-Based Purchasing program
introduced by the Centers for Medicare and Medicaid Services in 2011. They find that
this pay-for-performance program did not significantly reduce 30-day mortality for
acute myocardial infarction, heart failure, and pneumonia. Likewise, Feng et al. (2024)
study the Prescribed Specialized Services Commissioning for Quality and Innovation
program, which was introduced by the English National Health Service in 2013. They

find that this pay-for-performance program had little or no impact on care quality.

We note that all of these pay-for-performance programs were introduced while public
reporting was in effect. Specifically, PacifiCare has been reporting its providers’ quality
measures publicly since 1998 (Mullen et al. 2010). The Centers for Medicare and
Medicaid Services has been disseminating data on hospital 30-day mortality for acute
myocardial infarction, heart failure, and pneumonia since 2008.'6 The English National
Health Service has also been publishing its providers’ performance reports since 2007
(Cooper et al. 2011). Our results suggest that in these contexts, the introduction

of pay-for-performance might have crowded out the reputational concerns engendered

Shttps: //www.cms.gov/medicare/quality /initiatives /hospital-quality-initiative /hospital-compare
[accessed: 25 August 2025]
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by public reporting; in particular, it might have induced providers with high intrinsic
motivation to improve quality and those with low intrinsic motivation to reduce quality.

Consequently, the average quality was minimally affected.

To the best of our knowledge, no empirical research has yet examined the relationship
between providers’ intrinsic motivation and their responses to pay-for-performance
(introduced amid public reporting). According to a literature review conducted by
Markovitz and Ryan (2017), there is evidence that providers’ characteristics — such
as physician age and gender, organizational size, and teaching status — significantly
mediate their responses to pay-for-performance. For instance, under the Quality and
Outcomes Framework (introduced by the National Health Service in 2004), smaller
practices and those with higher proportions of female physicians improved more than
other practices (Doran et al. 2008). Under the Hospital Readmissions Reduction
Program (introduced by the Centers for Medicare and Medicaid Services in 2012),
teaching hospitals performed worse than nonteaching hospitals (Joynt and Jha 2013).
It is unclear how these studied characteristics are related to intrinsic motivation.
Consequently, a critical open question for future empirical research is whether pay-for-
performance crowds out reputational concerns as predicted in this paper: providers with
high intrinsic motivation improve quality, whereas those with low intrinsic motivation

compromise their reputation and reduce quality.

9 Conclusion

Public reporting and pay-for-performance are frequently implemented in tandem to
improve healthcare quality. It is hypothesized that public reporting creates reputational
concerns among healthcare providers, thereby incentivizing them to maintain high-
quality care. In our paper, a doctor’s reputation is defined as patients’ perception
of her intrinsic motivation. A doctor with higher intrinsic motivation is expected to
deliver higher care quality, resulting in greater patient benefit. We establish sufficient

and necessary conditions under which increasing the power of pay-for-performance
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crowds out the reputational concerns engendered by public reporting. Our main result
is that: if doctors’ reputational concerns are moderate, then crowding out might arise.
Specifically, before the increase in the power of pay-for-performance, providers with
low intrinsic motivation provide high quality to protect their social image since the
reputational concerns are sufficiently strong. After the increase in the power of pay-for-
performance, the cost of maintaining a positive social image outweighs the reputational
concerns. Thus, providers with low intrinsic motivation compromise their reputation
and reduce quality. To encourage these providers to maintain high quality, policymakers
can combine pay-for-performance with measures that amplify reputational concerns,

such as making doctors’ performance reports more accessible to patients.
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A Baseline Model

A.1 Proof of Proposition 1

Proposition 1 follows from the following lemmas.

Lemma A.1. If a > ¢(p)/\2, then there is a unique RPBE (Fy. Fy,p*), where

0 forq<q*(p,0)

Fy(q) =
1 forq>q*(p,0)

and p*(q) = X for ¢ > ¢*(p,0).

Proof. First, we show that (Fy, Fy, u*) is a RPBE. It suffices to show that Fy and Fy

satisfy incentive compatibility. We have

Vig*(p,0)Ip. 0] + a*[q* (p.0))° > V(qlp,6) + ap*(q)° for any g,

as V[q*(p,0)|p,0] > V(qlp,0) and p*[q*(p,0)] > p*(q) for any ¢q. Hence, it is optimal

for the good doctor to provide quality ¢*(p,f) with probability one. In the following,

we show that it is also optimal for the bad doctor to provide quality ¢*(p,6) with

probability one. It follows from ¢(p) < e\’ that

Vig*(p,0)lp, 0] + au*[q* (p, 0)]° > Vg*(p, 0)|p, 0] + ap*[q*(p, 0)).

For any ¢ < ¢*(p,0), we have V[¢*(p,0)|p,0] > V(q|p,0) and p*[¢*(p,0)] = p*(q) = 0;

as a result,

Vig*(p,0)lp. 0] + an*[q*(p, 0)]° > V(qlp,8) + ae*(q)°.

For any ¢ > ¢*(p,0), we have V[¢*(p,0)|p,0] > V(alp,0) (as V(qlp,0) is strictly

decreasing on the interval [¢*(p,0),00)) and p*[¢*(p,8)] = p*(q) = A; as a result,

Vig*(p,0)Ip, 0] + ce*[q* (p, 0))° > V (qlp, 0) + ™ (q)°.
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Thus, it is optimal for the bad doctor to provide quality ¢*(p,#) with probability one.
Hence, (FQ*, Fy, p*) is a RPBE.

Next, we show that there is no RPBE (Fjy, Fj, 1) in which the bad doctor provides

quality ¢*(p,0) with some probability less than one. Suppose such a RPBE exists.

Then plg*(p,0)] > X and u(q) = 0 for any q < ¢*(p,0). In addition,

V(ilp,0) + an(§)? > Vig*(p.0)|p, 0] + aplqg*(p,0)]°

for some ¢ < ¢*(p,0). Since V{g*(p,0)[p, 0] = V(q|p,8), we have

Vig*(p,0)|p, 0] + c(@)? = Vg*(p,0)|p, 0] + caplg* (p, 0)]°.

It follows that ¢(p) > aulg*(p,0)]® > aA?. This contradicts a > ¢(p)/N?. As a result,

(FQ*, F7, p*) is the unique RPBE.

Lemma A.2. If o < ¢(p), then there is a unique RPBE (FQ*, F3,p*), where

0 forq<q*(p,0)
Fy(q) =
1 forq>q*(p,0)

and p*(q) =1 for ¢ > q*(p,0).

Proof. First, we show that (FQ*, Fy, ) is a RPBE. It is easy to show that F7 satisfies
incentive compatibility. Thus, it suffices to show that Fy satisfies incentive compatibility
(i.e., it is optimal for the bad doctor to provide quality ¢*(p,#) with probability one).

It follows from « < ¢(p) that

Vig*(p,9)lp, 0] + aw*[g*(p, 0))° = Vig*(p, 0)|p, 0] + ap*[q* (p, 0)]°.

For any ¢ > ¢*(p,6), we have V{g*(p,0)[p,8] > V(qlp,8) (as V(qlp,8) is strictly

decreasing on the interval [¢*(p, #), 00)) and u[g*(p,0)] = p(q) = 1; as a result,

Vig*(p,0)Ip, 0] + ca*[q*(p, 0))° > V (a|p, 0) + ™ (q)°.

For ¢ < ¢*(p,0), we have V[¢*(p,0)|p, 0] > V(q|p,0) and p[g*(p,0)] = p(q) = 0; thus,

38



Vig*(p, 0)Ip, 0] + e [q* (p, 0)]° > V (qlp, 0) + ™ (q)°.

Thus, it is optimal for the bad doctor to provide quality ¢*(p, ) with probability one.
Hence, (Fy, Fy,p*) is a RPBE.

Next, we show that there is no RPBE (Fp, Fj, 1) in which the bad doctor provides
quality ¢*(p, @) with some probability less than one. Suppose such a RPBE exists. Fix
any quality ¢ such that § < ¢*(p,0) and G # ¢*(p,0). It is easy to show that the bad
doctor strictly prefers ¢*(p, ) to . As a result, she chooses ¢ with probability zero and

chooses ¢*(p, 0) with a positive probability. This implies

Vig*(p,0)Ip, 0] + aplg* (p, 0))° > VIg*(p,0)|p. 0] + anlg*(p, 0))%;

in addition, plg*(p,)] < 1 and u(q) = 0 for any q < ¢*(p,0). It follows that ¢(p) <
apq*(p, )] < . This contradicts o < ¢(p). Thus, (FQ*,Fg,M*) is the unique RPBE.

O

Lemma A.3. If ¢(p) < a < é(p)/N\?, then there is a unique RPBE (Fy, Fy, w*), where

0 for g < q*(p,9)
Fi@) =9 1= 1= (/)] 1) for ¢*(p,0) < q < ¢*(p,0)
1 for g > q*(p, )

and p*(q) = [qb(p)/a]l/ﬁ for ¢ > q*(p,0).

Proof. First, we show that (FQ*, Fy, 1) is a RPBE. It is easy to show that pu* satisfies

Bayes’ rule and Fj satisfies incentive compatibility. We can show that

Vig*(p, 0)Ip, 0] + an*[q* (p, 0))° = VIg*(p, 0)|p, 0] + ap*[q* (p, 0));

in addition, the bad doctor strictly prefers ¢*(p, €) to any ¢ such that ¢ < ¢*(p,0) and
qd # q¢*(p,0). Thus, F; satisfies incentive compatibility (i.e., it is optimal for the bad

doctor to randomize between ¢*(p, #) and ¢*(p,0)). Hence, (FQ’"7 k7, 1) is a RPBE.
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Suppose there is some RPBE (Fy, Fy, 1) # (Fy, Fjj, pi*). It is easy to show that this must
be either a pure strategy pooling equilibrium or a pure strategy separating equilibrium.

If (Fy, Fy, 1t) is a pooling equilibrium, then
Vig* (. 0)lp. 0] + apla*(p. 0))7 = Vig*(p. 0)Ip, 6] + anlg* (p, 0))7,
which contradicts o < ¢(p)/N°. If (Fy, Fy, i) is a separating equilibrium, then

Vig*(p,0)Ip, 0] + aplg* (p, 0))° > V{g*(p,0)|p. 0] + aulg*(p, 0))°,

which contradicts a > ¢(p). Thus, (Fy, Fj, ") is the unique RPBE.

O
A.2 Proof of Proposition 2
We have
VI (p,0)Ip,0]  OV[q*(p,0)|p, )]
= ¢*(p,0) — ¢*(p, 0) — Volg*(p,0)|p, Ol g;; (p, 0) (by the Envelope Theorem)

=" (p.0) = ¢ (.0) + (Vala" (p, Olp. 0] = Vala® (p. 0)Ip. 8] 5 (p. )

5 5 ) i (as Vyla*(p, 0)Ip, 6] = 0)
=3A@@ﬂw+/vwwmmnm@mmw

By the Implicit Function Theorem,

Ugolg™ (p, 0)[6] . _ 1
A A A TR P P 7 &

q;(p,0) = —

Hence, qj(p,0) = Uglq™ (p, 0)|0]a; (p, 0).
Note that Vyg[g*(p, 0)|p, 0] = Ugelq* (p,0)6].

6
Conseaquently, ,(7) = [ [l (016165 9.8) ~ Usala”(0.6)161650.0)] 0.
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For each 0 € [0,0), we have Uylq*(p,0)|0] > Uglg*(p,0)|0] (due to Uy > 0); in

addition,

0

1
G (1, 0) = 55

~ Vagla* (0, 0)[p, 0]

_ qu9
- 12
Via

> 0,

which implies g, (p,0) > g, (p,0). It follows that ¢,(p) > 0, which implies ¢(p) < o(p').

A.3 Proof of Theorem 1

First, we show that crowding out arises if conditions (i) — (iv) hold. It follows from
condition (iv) that (a) under pay-for-performance scheme p, the unique RPBE is a
pure strategy pooling equilibrium, in which both the good doctor and the bad doctor
provide quality ¢*(p,0), and (b) under pay-for-performance scheme p’, the unique
RPBE is a pure strategy separating equilibrium, in which the good doctor provides
quality ¢*(p’,0) and the bad doctor provides quality ¢*(p’,8) (by Proposition 1). By

the Implicit Function Theorem,

oq*(p,0) 1

- S > 0.
dp 02V q*(p,0)|p, 0]/ 0¢>

This implies ¢*(p, 0) < ¢*(p',0). It follows from condition (i) that

OVlig*(p,0)lp', 6] _ OUlq" (v, 0)|0] Ly oC|q" (p,0)]
Jq Jq 0q
oUq*(p,0)]0] oU[q*(p,0)|0] oU[g*(p,0)|0] dCg*(p,0)]
< 0q tp Jq B dq B Jdq

_ Vg w00 _
0q )

Since OV [q*(p,0)|p’,0]/0q < 0, we have ¢*(p',8) < ¢*(p,d). Finally, it follows from

condition (ii) that Ag*(p/,0) + (1 — A\)g*(p',0) < ¢*(p,0).

Conversely, suppose crowding out arises. By Proposition 1, condition (iv) holds. This,
in turn, implies condition (4i7). It is easy to show condition (7) follows from ¢*(p’,0) <

q*(p,0), and condition (i7) follows from Ag*(p',8) + (1 — N)g* (', 0) < q*(p, ).
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A.4 Proof of Proposition 3

pla]p,B8,0) = A1 - N ([a/o(@)]Y/? —1) € (0,1) and 1 — p(a | p', B, \) respectively.

Let the bad doctor’s expected quality be denoted by

gGalp,B,X) = pla |, B, Ng* (0, 0) + [1 = pla | o, B, M) q* (', ).

It is easy to show that p[p(p') | P/, 8,A] = 0 and p[é(p')/N\° | p', 3, \] = 1. As a result,
Glo@) | P, 8\ = ¢* (¢, ) and g5[6(p') /N | P/, 8,A] = ¢*(p/,0). Tt follows that Q is

continuous in « on (0,00). Fix any a € (¢(p/), ¢(P/)/)\5). We have
Op(a | P/, B, M) /0 = Fal/F=IN(1 = X))~ o (p)/P > 0.

Thus, dg;(a | . 8. 3) /0 = [q°(0',0) — ¢*(¢/.8)]dp(ax | /. B, A) /D > 0. This implies

0Q(a | p/,B,\)/0a > 0. Hence, Q is non-decreasing in a on (0,00). We have
0*pla | P/, B, A)/00% = & (5 — 1) P21 = X)71/6(p)) /P > 0.

Thus, 0%g5 (e | p/, B,2) /00 = [¢* (¢, 0) — ¢* (¢, 0)]9*p(a | P/, B, N) /0a® > 0. Tt follows
that 0?Q(a | p/, B,\)/0a? > 0. We have

pla|p',B,\)/0adp =
a A1 = N Y= [a/o(@ )P = B73[a/e(@)] /P In[a/é(p)]} < 0.
This implies
PQ(a | p',B,N)/0adf = (1 = N)[¢*(1',0) — ¢*(¢',0)]8?p(cr | P/, B, N) /8D < 0.

We have Q[o(p') | P/, 8, A = Ag*(P,0) + (1 = N)g* (¢, 8) < ¢*(p,8) and g;[o(p) /N |
P, B8, = ¢ (p',0) > q*(p,d). In addition, Q is continuous and strictly increasing in a
on the interval [¢(p), ¢(p')/NP]. As a result, there exists a unique cutoff o*(p/, 3, \) €

(6(p'), d(p')/NP) such that Q[a* (', B, NP, B, ] = ¢*(p,0).
For any a € (¢(p'), ¢(p')/A\?), we have

Op(a| P, 8,0)/08 = =M1 = \)"Ma/o(p)]"/P In[a/g(p)] 5% < 0,
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which implies 9Q(a | ¢/, 8,1)/98 = (1 = \)[¢*(#',0) — ¢" (1, 0)] 9p(er | ', B, 1) /0B < 0.

By the Implicit Function Theorem,

0a”(p, B, N) _ _9Qla*(, 5, N | ¥, B, /OB _

op Qe (p', B, ) | ¢/, 8, Al/0a

Similarly, for any a € (¢(p'), (p')/\?), we have
Opa| o/, B, ) /0N = (1= X)*([a/(@)]"/? —1) >0,

which implies dgg(a | . B, 1) /0A = [1°(0',8) — 4" (0, 0)] Op(ar | 7, B, )/OA > 0. Thus,

the Implicit Function Theorem,

00" (1, B.N) __0Qla* (8.0 |7 B, N/0N _

OA 9Q[ax(p/, B, A) | P, B, Al/Oac

B Generalization and Extension

In this section, we generalize and extend the baseline model investigated in the main
body. We assume there are two doctors, a measure-one continuum of patients, and
a public agency, who all live for two periods. The doctors have both pecuniary and
non-pecuniary reputational concerns, and their non-reputational payoff functions are
allowed to be non-quadratic. After the patients observe the two doctors’ period-1
quality measures, they make inferences about the doctors’ levels of intrinsic motivation,
then select their period-2 doctors (switching doctors is costly for the patients). The
public agency pays each doctor a capitation fee per patient. If a doctor establishes
a better reputation in period 1 (i.e., if the patients assign a higher probability to the
event that she is good conditional on the period-1 quality measures), then she obtains
a higher patient volume and a higher income in period 2. Hence, the doctors have

pecuniary reputational concerns in this context.

This model fits many healthcare markets in which providers’ quality measures are

disseminated widely and patients can select providers freely. For instance, in the United
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States, there are numerous public reporting systems that assist patients in comparing
and choosing providers (Marshall et al. (2003); Austin et al. (2015)). In England, the
National Health Service has been publishing provider performance reports and allowing
patients to choose secondary care providers freely since 2007 (Cooper et al. 2011). In
France, hospitals’ quality measures have been reported publicly since 2013, and patients
have always been allowed to choose hospitals freely (Choné 2017).17 Patients who
switch doctors might need to travel longer distances and incur certain administrative
costs (such as costs of registering and transferring medical records) (Iversen and Luras
(2011); Dahl and Forbes (2023); Mseke et al. (2024)). Nevertheless, there is evidence
that providers with better quality measures attract more patients and capture bigger

market shares (Santos et al. (2017); Vukovic et al. (2017); Empel et al. (2023)).

We show that our main result from the baseline model is robust in the following sense:
if the pecuniary reputational concerns are sufficiently weak and the non-pecuniary
reputational concerns are moderate, then increasing the power of pay-for-performance
might crowd out the reputational concerns. In addition, we show that if the non-
pecuniary reputational concerns are sufficiently weak and the pecuniary reputational
concerns are moderate, then crowding out might also arise. These two results together
imply that when the aggregate reputational concerns (defined as the combination of
pecuniary and non-pecuniary reputational concerns) are moderate, increasing the bonus
size might discourage bad doctors from protecting their social image. Intuitively,
before the increase in the bonus size, the aggregate reputational concerns outweigh
bad doctors’ mimicking costs; thus, bad doctors provide high quality to mimic good
doctors. After the increase in the bonus size, the mimicking costs rise and exceed
the aggregate reputational concerns; thus, bad doctors give up mimicking and reduce

quality. Consequently, the expected quality might decline.

1"Patients can also access providers’ quality measures and select providers in Spain, Norway, and
the Netherlands (Fernandez-Perez et al. (2022); Siciliani et al. (2017)).
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B.1 Model

There are two doctors (indexed by ¢ € {1,2}), a measure-one continuum of patients
(indexed by j € [0,1]), and a public agency. The two doctors are ex-ante identical.
Each doctor i has a private type 6;, which measures her level of intrinsic motivation.
Type 6; can take values in {#,0} (with § > 0 > 0). The er-ante probability that 6;
takes value 0 is A € (0,1). We refer to type # as the good doctor, and to type @ as the

bad doctor (the good doctor has higher intrinsic motivation than the bad doctor).

s(4)

A

’)’j* —————————————————

L
~ b m e

o
<
*
3
—~
Q
~
—

Fig. 6 Switching cost function

All agents live for two periods. In period 1, doctor 1 is assigned patients in [0, 1/2], and
doctor 2 is assigned patients in (1/2,1] (each doctor ¢’s patient volume is m;; = 1/2).
Each doctor ¢ provides quality g; 1 in period 1. The public agency exerts effort o € R,
to disseminate the doctors’ period-1 quality measures (g1.1,¢2,1). Let m(a) = a/(2+2a)
(we note that m is strictly increasing in «, and 0 < m(a) < 1/2). Each patient
j € M(a) = [0,m(a)] U [l — m(a),1] observes the period-1 quality measures, and
decides whether to switch doctors. Each patient j € [0, 1] \ M(«) does not observe
these quality measures, and continues visiting his period-1 doctor. We note that M(a)

expands as the public agency’s dissemination effort o rises.'® After each doctor i

'8Healthcare services are often classified as credence goods (Dulleck and Kerschbamer (2006),
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observes her period-2 patient volume m; 2, she provides quality g; 2. The public agency

then exerts effort a to disseminate the doctors’ period-2 quality measures (q1,2,42,2)-

Suppose patient j is assigned to doctor 7 in period 1. Then his period-1 payoff is ¢; 1. If
he chooses doctor 7 in period 2, then his period-2 payoft is g; 2. If he chooses doctor —i
in period 2, then his period-2 payoff is ¢_; 2 — s(j), where s(j) is the cost of switching
from doctor i to doctor —i. For each patient j € [0, m(«)], the cost of switching from
doctor 1 to doctor 2 is s(j) = 7vj (with v > 0). For each patient j € [1 — m(«), 1], the
cost of switching from doctor 2 to doctor 1 is s(j) = s(1 — j). As shown in Figure 6,

the switching cost function s is symmetric about 1,/2.1

For each doctor 7 and each period ¢, providing quality ¢;; yields an intrinsic reward of
U(git]0i) and entails a cost of C'(g;+). We assume the following:

(1) 82U/8qi27t <0, 9*°U/8q; :00; > 0, and 83U/8qi27t892- > 0;

(i1) 0C/0qir > 0 and 820/8th > 0;

(idi) OU(0]6;)/9g;e > OC(0)/0qis;

(1v) 83U/8q;-°’7t > 630/8q2t.

These assumptions admit the quadratic intrinsic reward function U (gi ¢|0;) = f(6:)q7, +
9(0:)¢; (defined in the baseline model) as well as monotone intrinsic reward functions

such as U(qi¢|0;) = 0iqi¢ + (K — 0;)(1 + q@t)l/2 (with k > é).

The public agency pays each doctor ¢ a lump sum T'm;; in period t (we refer to T as
the capitation fee per patient), and employs a pay-for-performance scheme that works
as follows: in period ¢, if doctor ¢ provides quality g¢;;, then she receives a bonus of
pgit from the agency. Each patient j € M(«) observes all the quality measures that

have been disseminated by the public agency. In period ¢, he believes that doctor 7 is

Balafoutas and Kerschbamer (2020)). Thus, we assume that a patient cannot assess his own doctor,
and switches doctors only if he observes quality measures published by the public agency.

19We assume that patients with lower switching costs are more attentive to public disclosure of
quality measures. Thus, for any dissemination effort level o, if patient j observes the quality measures,
then any patient j' with s(j’) < s(j) also observes the quality measures.
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good with probability u;; based on the observed quality measures; as a result, doctor
7 obtains a non-pecuniary reputational payoff of ozx,uf , (with x >0and 0 < 3 < 1)
in this period. We note that the doctor’s non-pecuniary reputational payoff is weakly

increasing in the public agency’s dissemination effort .

To sum up, each doctor i’s period-t payoff is
U(it|0:) +Tmis + pgis + OéXMf,t — C(gi)- (11)

Let V(qit|p,0:) = U(qit]0;) + pgir — C(git). Assume there exists g(p,6;) € Ry such
that OU[q(p, 0:)|0:]/0qic + p < OC[q(p,0:)]/0¢ir. We can show that V(g |p,6;) is

strictly concave in ¢;;, and has a unique maximizer ¢*(p,6;); in addition, ¢*(p,0) >

q*(p,8) > 0 (i.e., the maximizer is interior, and strictly increasing in 6;).

We define histories below. For each doctor i € {1,2}, a period-1 history is some hl{)l =
(0;), which contains her private type; a period-2 history is some hl% = (05,911,921, M 2),
which contains her private type, both doctors’ period-1 quality measures, and her
period-2 patient volume. For each patient j € M(«a), a period-1 history is some
hf = (q1,1,92,1), which contains the two doctors’ period-1 quality measures; a period-2
history is some hi = (q1.t, G2,t)t=1,2, which contains all published quality measures. The
patients’ period-1 belief p; 1 about doctor ¢ is based solely on this doctor’s period-1
quality measure hf 1 = (gi1). Likewise, the patients’ period-2 belief p; o about doctor

1 is based solely on this doctor’s quality measures hf o =(Gin,4i2)-

Remark 2. Our model is built upon Gravelle and Masiero (2000), Karlsson (2007),
Chen (2011), and Chen and Sivey (2021). In these papers, the healthcare market
consists of two doctors, who live for two periods, and a collection of patients. After
the patients observe the doctors’ period-1 quality measures, they decide which doctor to
visit in period 2. We follow Karlsson (2007) in assuming that all patients seek care in
both periods. In addition, we follow Gravelle and Masiero (2000) and Karlsson (2007)

i assuming that switching doctors is costly.
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Our notion of switching cost is closely related to the notion of transportation cost
in the Hotelling framework, which is commonly adopted to study doctor competition
(for instance, see Mak (2018), Lisi et al. (2020), and Ghandour et al. (2022)). In a
Hotelling style model, patients are uniformly distributed on the [0, 1] interval, doctor
1 s located at point 0, and doctor 2 is located at point 1. For a patient at location
x, visiting doctor 1 entails a transportation cost of Tx, and visiting doctor 2 entails a
transportation cost of T(1 — x). The transportation cost gap §(x) = 7(1 — x) — T is
equivalent to the patient’s cost of switching from doctor 1 to doctor 2. Thus, our core

analysis applies to this Hotelling setup.

B.2 Solution Concept

For studying this two-period model, we adapt our solution concept of RPBE defined in
Section 4. Let O'iD(hZ%) denote doctor i’s quality in period ¢t. For each patient j € M(«),
let af(hf) € {doctor 1,doctor 2} denote his choice of doctor in period 1. Let ,ul-(hft)

denote the probability that doctor ¢ is good conditional on hf ¢+ A (symmetric) RPBE

D

is some (o ,af, ;) such that

(a) o is sequentially rational

For each doctor ¢ and each period-2 history hz% = (0i,¢i1,9-i1,m;i2), the quality

ol (hl%) maximizes her period-2 payoff

W (qiz2|p, hf?z) = Tmiz + V(gialp, 0;) + ax|mi(gi1, a.2)]°. (12)

We note that aiD(Gi, ¢i1,q—i1,Mm;2) is independent of (g—;1,m;2). Thus, we suppress
(g—i1,mi2) from aiD hereafter. In period 1, each doctor i maximizes her expected

lifetime payoff: o (6;) solves

max {%T + V(qil

p,0;) + axpi(gi1)]? + Eg_, max W(g;2|p, h(qi1, 9—1‘))}7 (13)
qi,1>0 qi,220

1,22
where h(gi1,0-;) = (Qi,qivl,az(Q_i),mi,g) and m;o is doctor i’s period-2 patient
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volume that follows the period-1 quality measures (gi1,07;(6—;)). In each period,

the good doctor provides quality ¢*(p, ) and the bad doctor provides at most ¢*(p, 6).
(b) af is sequentially rational

Fix some patient j € M(a) and some period-1 history hi = (gi1,q-i1). Suppose
patient j is assigned to doctor ¢ in period 1. Then she chooses doctor —i in period 2 if
and only if the expected difference between doctor —i’s period-2 quality and doctor i’s

period-2 quality exceeds her switching cost:

B [02(0-i,q-i1) |17 ] — Bo, [0 (6i,¢i1)1hT] > s(j). (14)
(c) p; satisfies Bayes’ rule (whenever possible), monotonicity, and pessimism.

Suppose o”(0) < ¢*(p,f) (the bad doctor separates from the good doctor in period 1).

Fix any ¢;1. If ¢i1 < ¢*(p,0), then p;(g;1) = 0 and p;(¢ia,¢i2) = 0 for any g; o (in

both periods, the patients believe doctor i is bad). If ¢; 1 > ¢*(p, ), then p;(¢;1) =1

(in period 1, the patients believe doctor i is good), wi(¢i1,¢i2) = 1 for g2 > ¢*(p, )
and 44;(gi1,¢i2) = 0 otherwise (in period 2, the patients believe doctor ¢ is good if her

period-2 quality is sufficiently high, and believe doctor ¢ is bad otherwise).

Suppose o (8) = ¢*(p,0) (the bad doctor mimics the good doctor in period 1). Fix any

g1 If i1 < q*(p,0), then p1;(g;,1) = 0 and p15(gs,1, gi,2) = 0 for any g;» (in both periods,

the patients believe doctor i is bad). Suppose ¢;1 > ¢*(p,0). Then p;(gi1) = A (in

period 1, the patients retain their initial beliefs). If o (6, ¢;1) < ¢*(p, 0) (the bad doctor

separates in period 2), then p;(¢i1,¢2) = 0 for ¢;2 < ¢*(p,0) and p;i(¢i1,¢2) =1 for

g2 > q*(p,0). If oP(0,q.1) = q*(p,0) (the bad doctor mimics in period 2), then

1i(qi, qi2) = 0 for g2 < ¢*(p,0) and (g1, gi2) = A for g;2 > ¢*(p, 0).
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B.3 Moderate Non-Pecuniary Reputational Concerns

In this section, we show that our main results from the baseline model are robust:
increasing the power of pay-for-performance causes the bad doctor’s mimicking cost
to rise; in addition, if the pecuniary reputational concerns are sufficiently weak and
the non-pecuniary reputational concerns are moderate, then increasing the power of
pay-for-performance might crowd out the reputational concerns. As in Section 5, the

bad doctor’s mimicking cost is defined as
o(p) = Vig*(p,0)Ip, 8] — VIg*(p,0)Ip, 6] (15)

(i.e., her loss due to switching from her own non-reputational optimum ¢*(p, ) to the

good doctor’s non-reputational optimum ¢*(p, 6)).

Proposition 4. Fiz any two pay-for-performance schemes p and p' such that p < p'.

We have $(p) < $(0').

The proof of this proposition is in Appendix B.5. We give some intuition below.
As explained in Section 5, it follows from 93U /8th89¢ > 0 that the good doctor’s
marginal non-reputational payoff OV (q;|-,0)/0q;; diminishes more slowly than the
bad doctor’s marginal non-reputational payoff OV (¢;|-,8)/0¢;; for any quality g; ;.
Besides, it follows from 93U/ aqﬁt > 93C /8q3t that 93V/ 3q§’t > 0, which implies that
the marginal non-reputational payoff OV (¢;+|-,0;)/0¢;+ diminishes more slowly as ¢; +
rises. Since the good doctor provides higher quality than the bad doctor, the two
conditions 93U/ 8q%t89i > 0 and 03V/ 8q§’t > 0 together ensure that the good doctor’s
non-reputational optimum rises more than the bad doctor’s non-reputational optimum
as the power of pay-for-performance intensifies. As a result, the bad doctor’s cost of

mimicking the good doctor increases.

The following theorem claims that crowding out occurs if the following hold: the
increase in the power of pay-for-performance is modest, the ex ante probability of a good

doctor is sufficiently small, the graph of the reputational payoff function is relatively
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bowed, the non-pecuniary reputational concerns are moderate, and the pecuniary

reputational concerns are sufficiently weak.

Theorem 2. Fiz any two pay-for-performance schemes p and p' such that p < p'.

Suppose that

7 92U(q* (p,0)|6:]
. / 9 (2 .
(i) p <p+/9 —aqmaei do;,

~—

g q(p,0) —q*(v', 0
() A < (', 0) — (v, 0)
n¢(p) —Ine(p')

In\

|

(iii) B < 1

, and

(iv) 28) < o < o(p)) - T.

Then the following hold:

(a) under pay-for-performance scheme p, there is a unique RPBE, in which both good

doctors and bad doctors provide quality ¢*(p, ) in each period,

(b) under pay-for-performance scheme p', there is a unique RPBE, in which good
doctors provide quality ¢*(p',0) > q*(p,0) and bad doctors provide quality q*(p',0) <

q*(p,0) in each period,

(¢) A\g*(p',0) + (1 = N)g* (¢, 0) < ¢*(p,0).

As shown in Section 6, if the capitation fee T is sufficiently small (i.e., the pecuniary
reputational concerns are sufficiently weak), then for any pay-for-performance scheme
p, there exists some profile (p/, A, 3, a, x) that satisfies p < p’ and conditions (i) — (iv).
The proof of Theorem 2 is in Appendix B.6. The intuition for this result is almost
identical to the intuition for Theorem 1. In particular, in each period, the following
hold. Initially, since the non-pecuniary reputational concerns are sufficiently strong,
bad doctors provide high quality to mimic good doctors. After the power of pay-for-
performance rises from p to p’, the bad doctors’ mimicking costs rise and outweigh their

aggregate reputational concerns (i.e., the combination of pecuniary and non-pecuniary
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reputational concerns). Consequently, the bad doctors give up mimicking and reduce

quality, causing the expected quality to decline.

B.4 Low Non-Pecuniary Reputational Concerns

In this section, we show that crowding out might arise if the non-pecuniary reputational
concerns are sufficiently weak and the pecuniary reputational concerns are moderate.
Specifically, crowding out arises in period 1 if the following hold: the increase in the
power of pay-for-performance is modest, the ex ante probability of a good doctor is
sufficiently small, the non-pecuniary reputational concerns are sufficiently weak, the
patients’ costs of switching doctors are sufficiently small, and the capitation fee is of

medium size (i.e., the pecuniary reputational concerns are moderate).

Theorem 3. Fiz any two pay-for-performance schemes p and p’ such that p < p'.

Suppose that

° 9°Uq* (p,0)|04]
. / ) [ )
(i) p <p+/9 B db;,
) (p,0) —q* (v, 0)
1) A < ,
(i) (', 0) — q¢*(p',9)

|

(i) x <~ min {6(p), 6(0") ~ (0)},

i Alg* (0,0) = ¢ @, )ll6@) — ]
(1) 7 < m(0)é(r) ond

19(p) ¢(p) o) — ax
(v) max{/\q*(pje) D) m(a)} <T< )

Then the following holds:

(a) under pay-for-performance scheme p, there is a unique RPBE, in which both good

doctors and bad doctors provide quality ¢*(p,0) in period 1, good doctors provide quality

q*(p,0) in period 2, and bad doctors provide quality ¢*(p, @) in period 2,

(b) under pay-for-performance scheme p', there is a unique RPBE, in which good
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doctors provide quality q*(p',0) > q*(p,0) and bad doctors provide quality q*(p',0) <

q*(p,0) in each period,

(¢) A\q*(p',0) + (1 = N)g*(p',8) < ¢*(p,0).

Fix any pay-for-performance scheme p. As explained in Section 6, there exist some
pay-for-performance scheme p’ > p that satisfies condition (i) and some probability A
that satisfies condition (ii). Since ¢(p) < ¢(p'), there exists some x € Ry that satisfies
condition (7i7). We note that condition (i7i) implies ay < ¢(p’). This, together with
q*(p,0) > q*(p,0) (i.e., the good doctor’s non-reputational optimum is higher than the

bad doctor’s non-reputational optimum), implies that there exists some v € R, that

satisfies condition (iv). It follows from condition (iv) that

Yé(p) - P(p') — ax

Aq*(p,0) — Ag*(p, 0) m(a)

(16)

In addition, it follows from condition (ii7) that ¢(p) < ¢(p’) — ax. Hence, there exists

some capitation fee T' that satisfies condition (v).

6y

108

147 /

e e e e rccrc e c e e e .-

0 18 49/2

Fig. 7 The set of all pairs (y,7) such that v < 49/2 and max{6+, 108} < T < 147
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Example 2. Let U, C, and {0,0} be defined as in Ezample 1. Let o = 2, which implies
m(a) =1/3. Letp=1,p =2, A =0.5, and x = 0. In addition, let (v,T) be such
that v < 49/2 and max{6v,108} < T < 147 (the set of all such pairs is depicted as
the interior of the shaded region in Figure 7). It is easy to verify that (p',\, x,7,T)

satisfies conditions (i) — (v) of Theorem 3.

According to Theorem 3, if conditions (i) — (v) hold, then increasing the power of
pay-for-performance from p to p’ crowds out the reputational concerns in period 1, but
encourages both good and bad doctors to improve quality in period 2. In particular, the

following hold for period 1. Under pay-for-performance scheme p, bad doctors provide

quality ¢*(p, ) to mimic good doctors. After the power of pay-for-performance rises

from p to p’, bad doctors give up mimicking and reduce quality from ¢*(p, 8) to ¢*(p', 9),
causing the expected quality to decline from ¢*(p, #) to Ag*(p',8) + (1 —X)g*(p’,8). On
the other hand, in period 2, bad doctors separate from good doctors under both pay-
for-performance schemes (since the non-pecuniary reputational concerns are sufficiently

weak). Thus, as the power of pay-for-performance rises from p to p’, bad doctors

improve quality from ¢*(p, 8) to ¢*(p’, ), and good doctors improve quality from ¢*(p, )

to ¢*(p',0); as a result, the expected quality rises. The proof of this theorem is in

Appendix B.7. We give some intuition below.

For proving Claim (a) of the theorem, we construct a pooling RPBE, in which both

good and bad doctors choose the good doctor’s non-reputational optimum ¢*(p,6) in

period 1; then we show that this equilibrium is unique. In the following, we give some

intuition for why it is optimal for bad doctors to provide quality ¢*(p,#). Suppose

doctor 1 is bad, and doctor 2 provides quality ¢*(p,#) in period 1 regardless of her
type. If doctor 1 provides quality ¢*(p, @), then the patients believe that each doctor
is good with probability A; consequently, each doctor’s period-2 patient volume is
1/2. If doctor 1 chooses her own non-reputational optimum ¢*(p, 8), then the patients
believe that doctor 1 is bad, whereas doctor 2 is good with probability A. Let § =

A¢*(p,0) — A\g*(p,8), and assume §/v < m(a) (without loss of generality). We can
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show that for each patient j € [0, m(«)], switching to doctor 2 is optimal if and only
if 7 < §/~. This implies doctor 1’s period-2 patient volume is 1/2 — §/v. If doctor
1 switches from ¢*(p,0) to ¢*(p,8), then her non-reputational payoff rises by ¢(p),
whereas her reputational payoff declines by ayxA? + §T/v. Due to condition (v), we

have ¢(p) < 8T /7. Under this condition, doctor 1 strictly prefers ¢*(p, 9).

Likewise, for proving Claim (b) of the theorem, we construct a separating RPBE, in
which good doctors provide quality ¢*(p’, §) and bad doctors provide quality ¢*(p’, ) in
period 1; then we show that this equilibrium is unique. In the following, we give some
intuition for why it is optimal for bad doctors to provide quality ¢*(p’,6). Suppose
doctor 1 is bad. If she provides quality ¢*(p/,8), then the patients believe that she is
bad; by contrast, if she provides quality ¢*(p/, 9), then the patients believe that she is
good. If doctor 1 switches from ¢*(p',8) to ¢*(p',0), her reputational payoff rises by
at most ax + T'm(a) (since the volume of patients who switch to doctor 1 is at most
m(a)), whereas her non-reputational payoff declines by ¢(p’). Due to condition (v), we

have axy + Tm(a) < ¢(p'). Under this condition, doctor 1 strictly prefers ¢*(p’, 6).

B.5 Proof of Proposition 4

As established in the proof of Proposition 2,

96(p) _ /9 O*Ulq*(p,0)|6:] 94" (p,0)  9*Ula"(p,6:)16:] 9q"(p,6:) | .
Op 0 0q;,100; Op 0q;,100; Op "
Due to 83U/8q2t89i > 0, we have
*Ulq*(p, 0)10]/0qi406; > 0*Ulq*(p, 6:)|6:]/ 0qi,+06;.
We can show that 6%¢*(p, 6;)/0p00; =
i B 1 . 33U/3q22,t891 B 83‘//8%3775 82U/8qi,t89i
90; | *Vig*(p,0:)lp,0:]/0a7, |\ 9°U/04i00;  92V/dg}, | [9°V/0g] >

Due to 83U/8q2t > 630/8q?’t, we have 02¢*(p, 0;)/0pd0; > 0. This implies dg*(p, 0)/Ip >
dq*(p,0;)/0p. Hence, dp(p)/dp > 0. It follows that ¢(p) < o (p).
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B.6 Proof of Theorem 2

Theorem 2 follows from Lemma B.1 and Lemma B.2.

Lemma B.1. Under pay-for-performance scheme p such that ¢(p) < ax\?, there is

a unique RPBE, in which both good doctors and bad doctors provide quality ¢*(p, 6) in

each period.

Proof. First, we construct I'* = (O'Z-D , af , i) such that each doctor i provides quality

q*(p,0) in each period regardless of her type on the path of play. Then, we show that
I'* is a RPBE. Next, we show that any T’ # I'* is not a RPBE.

Step 1. We construct I'* = (O',L-D, O']P, ;).

Let 0P (0) = oP(0) = ¢*(p,0) (in period 1, the bad doctor mimics the good doctor).

)

For any ¢;1 > ¢*(p, 5), let O'Z-D(Q, gi1) = JZ-D(G_, gi1) = ¢*(p, 9_) (the bad doctor mimics

in period 2). For any ¢;1 < ¢*(p,0), let cP(0,¢;1) = ¢*(p,0) and ¢ (0, ¢;1) = ¢*(p,0)

(the bad doctor separates in period 2).

Fix some patient j € M(«) and some history hi’ = (g; 1, q-i1)- g1 < q-i1 < q*(p,0)

or ¢*(p,0) < gi1 < g1, then Uf(hf) = doctor 1 for j € [0,1/2], and Uf(hf) =

doctor 2 for j € (1/2,1] (no patient switches doctors). Suppose ¢;1 < ¢*(p,0) < q_i1.

If patient j is assigned to doctor ¢ in period 1, then Uf(hf) = doctor —i if and only

if s(j) < ¢*(p,0) — q¢*(p,0) (he switches to doctor —i if and only if his switching cost
is sufficiently low). If patient j is assigned to doctor —i in period 1, then UJP (hf) =

doctor —i (he does not switch doctors).

Fix any ¢;i1. If ¢i1 < q¢*(p,0), then p;(gi1) = pi(gin,qi2) = 0 for any gio. If

g1 > ¢"(p,0), then pi(gi1) = A (the patients retain their initial beliefs in period

1), pi(qi1,qi2) = 0 for ;2 < ¢*(p,0), and p;(gi1,qi2) = A for gi2 > ¢*(p,0).

Step 2. We show that I'* is a RPBE.
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First, we show that Uf is sequentially rational. Fix history hi" = (¢;1,¢-:1). Suppose
gi1 < q-i1 < q*(p, 6). Then by construction of j; and (TZ-D, the patients believe both
doctors are bad and will provide quality ¢*(p,8) in period 2. If patient j is assigned
to doctor ¢ in period 1, then his expected payoff from choosing doctor 7 is at least his

expected payoff from choosing doctor —i (the former is ¢*(p, §), whereas the latter is

q*(p,0) — s(j)); hence, he does not switch doctors. Likewise, if ¢*(p,0) < ¢i1 < q—i1,

then the patients believe each doctor is good with probability A and will provide quality

q*(p,0) in period 2; consequently, no patient gains from switching doctors. In the
following, suppose ¢; 1 < ¢*(p, 0) < g—i1. By construction of u; and UZD, doctor 7 is bad

and will provide quality ¢*(p, #) in period 2, whereas doctor —i is good with probability

A and will provide quality ¢*(p,#) in period 2. If patient j is assigned to doctor i in

period 1, then his expected gain from switching doctors is ¢*(p,0) — ¢*(p,0) — s(j);

hence, patient j switches doctors if and only if s(j) < ¢*(p,0) — ¢*(p,0). If patient j

is assigned to doctor —i in period 1, then his expected gain from switching doctors is

q*(p,0) — q*(p,0) — s(j) < 0; hence, he does not switch doctors.

In period 2, providing quality ¢*(p,#) is optimal for the good doctor as it maximizes

both non-reputational payoff and reputational payoff. Suppose doctor ¢ is bad. If she

has provided some quality ¢; 1 < ¢*(p, @), then the patients believe she is bad. Since it is

no longer possible to manipulate the patients’ belief, doctor i chooses quality ¢*(p, 8) to

maximize her period-2 payoff. If she has provided some quality ¢; 1 > ¢*(p, ¢), then the

patients believe she is good with probability A. In period 2, providing ¢*(p, ) induces

a belief that she is good with probability A\, whereas providing ¢*(p, 8) induces a belief

that she is bad. Thus, when she switches from ¢*(p,8) to ¢*(p, ), her reputational
payoff rises by axA?. Since ax\? exceeds her mimicking cost ¢(p), providing ¢*(p, 0)

(i.e., mimicking the good doctor) is optimal.

Next, we show that it is optimal for the good doctor to provide quality ¢*(p,6) in

D

period 1. Suppose doctor ¢ is good. By construction of 0=, doctor —¢ provides quality

q*(p,0) in period 1 regardless of her type. Thus, for doctor i, in period 1, providing
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quality ¢*(p, 0) yields

ST+ Vig*(p,0)|p, 0] + ax\? + 3T + Vig*(p, 0)|p, 0] + ax ),

providing any quality ¢;1 < ¢*(p, ) yields

(where m; 2 < 1/2), and providing any quality ¢;1 > ¢*(p, 6) yields

ST+ V(gialp, 0) + ax\? + 3T + Vig*(p,0)|p, 0] + ax\°.

Thus, providing quality ¢*(p, #) in period 1 is optimal.

Finally, we show that it is optimal for the bad doctor to provide quality ¢*(p,0) in

D

period 1. Suppose doctor i is bad. By construction of o=, doctor —i provides quality

q*(p,0) in period 1 regardless of her type. Thus, for doctor i, in period 1, providing

quality ¢*(p, 6) yields
5T+ VIg*(0,0)[p, 0] + ax A + 5T + Vg*(p, )|p, 0] + ax ),
whereas providing quality ¢*(p, €) yields
T+ Vg (p,0)|p, 0] + 0+ Tmiz + Vg*(p,0)|p, 0] + 0

(where m; 2 < 1/2). Since ax\? > ¢(p), doctor i prefers ¢*(p,f). It is easy to show

that ¢*(p,0) yields a higher payoff than any g¢;1 > ¢*(p, ), and ¢*(p,0) is at least as

good as any ¢;1 < ¢*(p,0). Thus, providing quality ¢*(p, §) is optimal.
Step 3. We show that any " # I'* is not a RPBE.

Fix some I' = (67,67, fi;) # .

Case 1. &Z-D(Q) Z {q*(p.9),q" (p, é)}

Since &iD(Q) < q*(p,0), any g;1 < ¢*(p,0) induces a belief that doctor i is bad, whereas

any ¢;1 > ¢*(p,0) induces a belief that doctor i is good. If doctor i is bad, then
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switching from 7 (8) to ¢*(p,0) results in an increase in her period-1 payoff, and no

change in her period-2 patient volume; hence, she strictly prefers ¢*(p, 8). Consequently,

D

o;” violates sequential rationality.

Case 2. 5P (0) = ¢*(p, )

Suppose I is a RPBE. It is easy to show 5f = Jf . In addition, it follows from

ax\’ > ¢(p) that 6°(0,¢i1) = ¢*(p,0) for any ¢;1 > ¢*(p,0) (in period 2, the bad
doctor mimics the good doctor whenever possible due to strong reputational concerns).

For doctor 4, in period 1, providing quality ¢*(p, 8) yields

3T+ Vig*(p,0)|p. 6] + 0+ Tmiz + Vig*(p, 8)|p, 6] + 0,

whereas providing quality ¢*(p, 6) yields
5T+ VIg*(p,0)p, 0] + ax + Tmj 5 + VIg*(p, 0)|p, 0] + ax )\’

(where m; o < m;2) Since axA? > ¢(p), doctor i strictly prefers ¢*(p, ) to ¢*(p, ).
This implies that &iD violates sequential rationality.

O

Lemma B.2. Under pay-for-performance scheme p' such that ¢(p') > ax+T, there is
a unique RPBE, in which good doctors provide quality ¢*(p',0) and bad doctors provide

quality ¢*(p',0) in each period.

Proof. First, we construct I'* = (UZ-D ,JJP , ;) such that good doctors provide quality

q*(p',0) and bad doctors provide quality ¢*(p’,6) in each period on the path of play.
Then, we show that T'* is a RPBE. Next, we show that any T =% I'* is not a RPBE.

Step 1. We construct I'* = (o7, UJP, 1)

Let o (0) = 0P (0. 4i1) = ¢* (¢ 0) and 0°(0) = o (0, ;1) = ¢* (¢, 0) for any g1 (the
bad doctor always separates from the good doctor). Let O'jP be defined as in the proof

of Lemma B.1. Fix any ¢;1. If g1 < ¢*(p',0), then u;(gi1) = pi(gia,qi2) = 0 for
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any ¢;2. If gi1 > ¢*(p',0), then p;(gi1) = 1, pi(gin, qi2) = 1 for g2 > ¢*(p/,0), and

1i(gi1,¢i2) = 0 otherwise.
Step 2. We show that I'* is a RPBE.

As established in the proof of Lemma B.1, 0]1-3 is sequentially rational. It is easy to show
that it is optimal for the good doctor to provide quality ¢*(p’,0) in period 2. In the
following, we show that it is optimal for the bad doctor to provide quality ¢*(p/,8) in
period 2. Suppose doctor i is bad. If she has provided some quality ¢; 1 < ¢*(p/, 6), then
the patients believe she is bad. Since it is no longer possible to manipulate the patients’
belief, doctor i chooses quality ¢*(p’,8) to maximize her period-2 payoff. Suppose she
has provided some quality ¢; 1 > ¢*(p/,8). Then in period 2, providing ¢*(p/, #) induces
a belief that she is good, whereas providing ¢*(p/, 6) induces a belief that she is bad.
Thus, when she switches from ¢*(p’, 8) to ¢*(p’, ), her reputational payoff rises by ax.

Since ay is less than her mimicking cost ¢(p’), providing ¢*(p’, €) is optimal.

Next, we show that it is optimal for the good doctor to provide quality ¢*(p’,0) in

period 1. Suppose doctor i is good. In period 1, providing quality ¢*(p’,0) yields
3T+ V0@, 0)|p,0] + ax + Tmiz + VIg* (', 0)|p', 0] + ax,
providing any quality ¢;1 < ¢*(p/, 0) yields
3T+ V(gialp',0) + 0+ Tml, + Vig*(p',0)|p', 0] + 0

(where m;z < m; ). Thus, providing quality ¢*(p/,8) in period 1 is optimal.

Finally, we show that it is optimal for the bad doctor to provide quality ¢*(p’,8) in

period 1. Suppose doctor i is bad. In period 1, providing quality ¢*(p/, 9_) yields
3T+ Vg @, 0)lp, 0] + ax + Tmiz + Vig* (', 0)p', 6] + 0,
whereas providing quality ¢*(p/, 8) yields

3T+ Vg, 0)lp, 0] + 0+ Tmj, + V[g* (', 0)|p', 0] + 0
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(where m; 5 < m;2). Since ¢(p') > ax + T', providing quality ¢*(p’,¢) is optimal.
Step 3. We show that any " # I'* is not a RPBE.

Fix some I’ = (&Z»D, ~]P, ;) # I'*. Suppose I is a RPBE. As established in the proof of
Lemma B.1, P(0) = ¢*(p/,0). It follows from ¢(p') > ax that 7 (0,¢:1) = ¢*(p',0)
for any ¢;1 (in period 2, the bad doctor always separates since the mimicking cost is

too large). For doctor i, in period 1, providing quality ¢*(p’, 8) yields
T+ VIg* (', 0)|p, 0] + 0+ Tm; 2+ Vg (p',0)|p', 0] + 0,
whereas providing quality ¢*(p’, ) yields

3T+ Vg, 0P, 6] + ax N + Tmj, + Vg (v, 0)Ip',6] + 0

(where m; o < mj,). Since ¢(p') > ax+T, doctor i strictly prefers ¢*(p', 8) to ¢*(p', 0).

This implies that 6Z.D violates sequential rationality.

B.7 Proof of Theorem 3

Theorem 3 follows from Lemma B.3 and Lemma B.4.

Lemma B.3. Under pay-for-performance scheme p such that max{vo(p)/[\¢*(p,0) —
A (p,0)], ¢(p)/m(a)} < T and ¢(p) > ay, there is a unique RPBE, in which both

good doctors and bad doctors provide quality ¢*(p, ) in period 1, good doctors provide

quality q*(p,0) in period 2, and bad doctors provide quality ¢*(p,0) in period 2.

Proof. First, we construct I'* = (aiD,af,ui) such that o”(8) = oP(0) = ¢*(p,0); in

i

addition, o (0, ;1) = ¢*(p,0) and o (0,q:1) = ¢*(p,0) for any ¢;1. Then, we show
that T'* is a RPBE. Next, we show that any I’ # I'* is not a RPBE.

Step 1. We construct I'* = (O',L-D, O']P, 1)
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Fix some history h{ = (¢i1,q-i,1). If gi1 < q-in < ¢*(p.0) or ¢*(p,0) < qig < q-ip1,
then no patient switches doctors. Suppose g1 < ¢*(p, 0) < g—i,1. If patient j is assigned
to doctor ¢ in period 1, then o P(hP) = doctor —i if and only if s(j) < Ag*(p,0) —

Ag*(p,8). If patient j is assigned to doctor —i in period 1, then o} P(h?) = doctor —i.

Fix any gi1. If i1 < ¢*(p,0), then pi(gi1) = pi(¢in,q2) = 0 for any g If

g1 > q*(p,0), then p;(gi1) = A (the patients retain their initial beliefs in period

1), pi(gin, qi2) = 0 for gio < ¢*(p,0), and pi(gi1, qi2) = 1 for g2 > ¢*(p,0).
Step 2. We show that I'* is a RPBE.

It is easy to show that O']P is sequentially rational, and that it is optimal for the good
doctor to provide quality ¢*(p, #) in each period. Since ¢(p) > a (i.e., the reputational
concerns are relatively weak), it is optimal for the bad doctor to provide quality ¢*(p, )
in period 2. In the following, we show that it is optimal for the bad doctor to provide
quality ¢*(p,0) in period 1. Let j¥(p) = min{m(a), A[¢*(p,0) — ¢*(p,0)]/7}. Suppose
doctor 7 is bad. By construction of o” ;, doctor —i provides quality ¢*(p, 0) in period 1
regardless of her type. Consequently, for doctor i, switching from ¢*(p, f) to some ¢; 1 <
q*(p,0) results in a loss of £ > Tj7(p) as her period-2 patient volume decreases from
1/2to 1/2— 37 (p). Concurrently, for doctor i, switching from ¢*(p, ) to ¢*(p, f) results
in a gain of G = ¢(p). It follows from max{y¢(p)/[A\¢*(p, ) —Aq*(p, D)], p(p)/m(a)} < T

that G < £. Hence, doctor i strictly prefers ¢*(p, 0).
Step 3. We show that any T # I'* is not a RPBE.

Fix some I' = (6P, JP, fi;) # I'*. Suppose I is a RPBE. As established in the proof
of Lemma B.1, 67(8) = ¢*(p,0). Fix some history h’ = (g;1,¢_i1) such that ¢;1 <
q*(p,0) < g_;1. We can show that if patient j is assigned to doctor i in period 1, then

6']]-3(hf) doctor —i if and only if 5(j) < ¢*(p,0) — ¢*(p, 0).

In the following, we show that it is not optimal for the bad doctor to provide quality

q*(p,0) in period 1. Let j9(p) = min{m(a), [¢*(p,0) — ¢*(p,0)]/7}. Suppose doctor i
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is bad. If doctor —i is bad, then by construction of &f)i, doctor —i provides quality
q*(p,8); consequently, for doctor i, switching from ¢*(p,8) to ¢*(p,f) results in an
increase in her period-2 patient volume from 1/2 to 1/2 + j%(p). If doctor —i is
good, then by construction of 57;, doctor —i provides quality ¢*(p, ); consequently, for
doctor 4, switching from ¢*(p, 8) to ¢*(p, #) results in an increase in her period-2 patient
volume from 1/2 — 5% (p) to 1/2. Hence, for doctor i, switching from ¢*(p, 8) to ¢*(p, 0)
yields an expected gain of G > Tj°(p). Concurrently, for doctor i, switching from

q*(p,8) to ¢*(p,0) entails a loss of L = ¢(p). It follows from max{v¢(p)/[Ag*(p,0) —

A (p,0)], 6(p)/m(a)} < T that £ < G. Hence, doctor ¢ strictly prefers ¢*(p, ) to

q*(p,0). This implies that 67 violates sequential rationality.

Lemma B.4. Under pay-for-performance scheme p' such that ¢(p') > ax and T <
[6(p') — ax]/m(a), there is a unique RPBE, in which good doctors provide quality

q*(p',0) and bad doctors provide quality q*(p',0) in each period.

Proof. First, we construct I'™* = (UiD,a]P,,ui) such that o (0) = 0P (0,¢i1) = ¢*(v',0)
and oP(0) = oP(0,q:1) = ¢*(¢',0) for any ¢;1. Then, we show that T'* is a RPBE.

Next, we show that any I # I'* is not a RPBE.

Step 1. We construct I'* = (o7, O']]-D, i)

Fix some history b’ = (gi1,q-i1). I i1 < q—in < ¢*(p',0) or ¢*(',0) < gi1 < q-i 1,
then of(hf) = doctor 1 for j € [0,1/2], and af(hf) = doctor 2 for j € (1/2,1].
Suppose ¢;1 < ¢*(p',0) < q_i1. If patient j is assigned to doctor 4 in period 1, then
U]P(hf) = doctor —i if and only if s(j) < ¢*(p,0) — ¢*(p',8). If patient j is assigned
to doctor —¢ in period 1, then af(hf) = doctor —i. Fix any ¢;1. If ¢;1 < ¢*(¢',0),
then p;(gi1) = pi(¢n,¢2) = 0 for any gio. If g1 > ¢*(p/.0), then pi(gi1) = 1,

1i(¢in, qi2) = 1 for g2 > ¢*(p',0), and (i1, ¢i2) = 0 otherwise.
Step 2. We show that I'* is a RPBE.
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It is easy to show that U]P is sequentially rational, and that it is optimal for the
good doctor to provide quality ¢*(p’,0) in each period. Since ¢(p') > ax (ie., the
reputational concerns are relatively weak), it is optimal for the bad doctor to provide
quality ¢*(p/,8) in period 2. In the following, we show that it is optimal for the bad
doctor to provide quality ¢*(p/,8) in period 1. Let j°(p') = min{m(a), [¢*(p',0) —
q*(p',0)]/v}. Suppose doctor i is bad. If doctor —i is bad, then by construction of o2,
doctor —i provides quality ¢*(p’, 8); consequently, for doctor i, switching from ¢*(p’, )
to ¢*(p', 0) results in an increase in her period-2 patient volume from 1/2 to 1/245°(p').
If doctor —¢ is good, then by construction of af)i, doctor —i provides quality ¢*(p’, 0);
consequently, for doctor i, switching from ¢*(p’,8) to ¢*(p’,#) results in an increase in
her period-2 patient volume from 1/2 — j9(p’) to 1/2. Hence, for doctor i, switching
from ¢*(p,0) to ¢*(p',0) yields an expected gain of G = ay + Tj°(p'). Concurrently,
for doctor i, switching from ¢*(p’,0) to ¢*(p',0) entails a loss of £ = ¢(p'). It follows

from T < [¢p(p") — ax]/m(a) that £ > G. As a result, doctor i strictly prefers ¢*(p/, 6).
Step 3. We show that any T’ # I'* is not a RPBE.

Fix some I = (6P, &JP, fi;) # I*. Suppose I is a RPBE. As established in the proof
of Lemma B.1, 6°(0) = ¢*(p/,0). Fix some history hY = (gi1,¢-:1) such that ¢;; <
q*(p',0) < q_;1. We can show that if patient j is assigned to doctor i in period 1, then

6';-3(11{3) = doctor —i if and only if 5(j) < Ag*(p',0) — Ag*(p', 0).

In the following, we show that it is not optimal for the bad doctor to provide quality
¢*(p',0) in period 1. Let j¥(p') = min{m(a), N[¢*(p',0)—q*(p',8)]/~}. Suppose doctor i
is bad. By construction of &Pi, doctor —i provides quality ¢*(p’, §) in period 1 regardless
of her type. Consequently, for doctor i, switching from ¢*(p’,8) to ¢*(p',8) results in
a loss of £ = ax\ + Tj7(p') as her period-2 patient volume decreases from 1/2 to
1/2 — j¥(p'). Concurrently, for doctor i, switching from ¢*(p',8) to ¢*(p',8) results in

a gain of G = ¢(p'). It follows from T < [¢(p') — ax]/m(«) that G > L. Hence, doctor

D

i strictly prefers ¢*(p’, ). This implies &;” violates sequential rationality.
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