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Chapter 1. Introduction

Collaborative, interdisciplinary care is increasingly important for the provision of high-

quality medical care. One reason for this is the increasing prevalence of multi-morbid

and chronic diseases (Navickas et al., 2016; K. Barnett et al., 2012). Figure 1.1 depicts

an increase in the prevalence of multi-morbidity and Figure 1.2 depicts an increase in

the prevalence of chronic diseases for US adults between the years 1988 and 2014.

Figure 1.1: Age-standardized trends in multi-morbidity prevalence for participants 20

years or older from NHANES 1988–2014 by number of comorbidities. Source:

King et al. (2018)

Demographic change and the resulting complex health care needs of the elderly also

increase the need for interdisciplinary care. Though an average US patient sees 18.7

different physicians per year, for elderly patients this number increases to 28.4 (Practice

Fusion, 2010). Consequently, the coordination of care between physicians is getting

increasingly important for the delivery of high-quality and cost-efficient care. Policy

makers have recognized the need for improved care coordination. As a result, numerous

interventions to improve coordination have been carried out. To name a few examples,

Medicare has started paying physicians for care coordination services of chronically ill
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Figure 1.2: Age-standardized prevalence of various chronic conditions in participants 20

years or older from NHANES 1988–2014. Source: King et al. (2018)

patients in 2015 (Centers for Medicare & Medicaid Services, 2014), the Netherlands

have experimented with a bundled payment scheme (Bakker et al., 2012), and a German

province used a population based approach to improve quality of care (Schubert et al.,

2016).

An important aspect of care coordination is the referral process between physicians.

When referring a patient, the physician is transferring part or all of the responsibility

for the diagnosis and treatment of the patient to another physician. This transfer of

responsibility may be temporal or permanent. It is the main channel through which in-

dependent ambulatory physicians interact. Due to the increased need for multi-specialty

treatment, referral rates have increased in recent years. For example, in the US the re-

ferral rate of physicians has almost doubled to about 10% from 1999 to 2009 (M. L.

Barnett et al., 2012).

A typical example of a patient referral is the referral between a primary care physician
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Chapter 1. Introduction

(PCP) and a specialist. The analysis of referrals between theses types of physicians is the

primary concern of this thesis. Whether a patient should be referred in order to receive

high-quality and cost-efficient care depends mainly on the severity of his disease and

the physicians’ respective abilities in diagnosing and treating the patient. If and only

if the additional expected value of diagnostic and treatment services that the specialist

provides exceed the additional expected costs, the referral should be made from a social

welfare perspective. Interestingly, there is a great variation in referral rates between

physicians even after accounting for case-mix (Franks et al., 1999). Furthermore, em-

pirical evidence suggests that financial incentives generated by the payment system for

physician services affect referral rates. Iversen and Lur̊as (2000) and Sarma et al. (2018)

find that an increase in the capitated component of PCPs’ pay and a corresponding

decrease in service fees lead to a greater number of patient referrals. This finding can be

explained if physicians’ decisions do not only depend on the well-being of the patient but

also on their own profits. Under a capitated system, a PCP has the incentive to treat as

many patients in the most economical way possible. Conversely, under a fee-for-service

(FFS) system maximizing the number of services per patient maximizes revenue. Thus,

the study of payment systems is important to incentivize desired physician behavior.

Mehrotra et al. (2011) summarize the various ways in which specialty referrals in the

US fall short of expectations. They find evidence for both under- and over-referral to

specialist care. Under-referral of patients is problematic because patients do not receive

treatment which may have greatly improve their health. Over-referral is problematic

because patients receive care that yields little benefit for their health at an increased

cost for either them or the health insurance system (Starfield and Shi, 2002; Chin et al.,

2000; Harrold et al., 1999; Whittle et al., 1998). As potential solutions to these problems

Mehrotra et al. (2011) consider the use of financial incentives as well as gatekeeping

arrangements.

The problems of over- and under-referral are examined by means of theoretical models in

Chapters 3 and 4. They examine referral processes between a PCP and a specialist. For
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severely ill patients the specialist provides superior treatment. However, the specialist’s

treatment is more expensive, making it inefficient for mildly ill patients. Chapter 3

focuses on the different diagnostic abilities of PCP and specialist. The PCP is able to

identify the disease severity of some patients. However, for other patients the expertise

of a specialist is required. Furthermore, some patients require specialist diagnosis but

not specialist care. Optimally, the specialist should refer these patients back for PCP

treatment.

The main finding of Chapter 3 is that markups to the PCP for treating patients imme-

diately, or to the specialist for referring back patients, are necessary in some cases to

induce optimal referrals. However, in contrast to markups for the specialist, markups

to the PCP lead to a rent payment. Thus, they may not be optimal. Furthermore, if

the payer faces uncertainty regarding the benefits from specialist treatment, sufficiently

small markups for the specialist always enhance social welfare. The model is extended

by considering waiting costs when the patient is referred. The same contract types as

before are optimal, however, it is more beneficial to only have the PCP discriminate

based on her diagnostic signal.

Whereas Chapter 3 deals with referrals in a static context, Chapter 4 considers a dynamic

setting with chronically ill patients. The main innovation of this chapter is to consider

patients whose health states change probabilistically over time according to a Markovian

process. Chronic diseases cause large health related and economic costs. High-quality

physician care can help to alleviate these costs by reducing the number of complications,

related health problems, and specialist visits in the future (Bodenheimer, Wagner, et

al., 2002). Bodenheimer, Chen, et al. (2009) suggest that chronic diseases should be

treated in multi-disciplinary physician teams in order to facilitate cooperation between

the physicians. Chapter 4 presents a theoretical model concerning chronically ill patients

who may require treatment from both a PCP and a specialist. The aim of Chapter

4 is to determine whether, and under which conditions, it is desirable to organize the

treatment of chronic patients in a physician team or in solo practices. Important aspects
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Chapter 1. Introduction

are whether the adequate physician treats the patient and whether this physician exerts

sufficient effort.

The main findings are as follows. First-best efficient effort levels and referrals can only

be achieved in a physician team. Furthermore, the difference in expected treatment

costs between patient types needs to be relatively larger for the PCP. In this case it

is always optimal for the physicians to form a team since the first-best can never be

reached in the solo practices. Treatment fees for the PCP should include a markup

whereas the specialist should be paid below costs. However, if the difference in expected

treatment costs is relatively larger for the specialist, it can be welfare enhancing to deliver

care through physicians who work in solo practices. The reason for this is that in solo

practices adverse patient selection incentives only affect the specialist, whereas in the

team they also affect the decisions of the PCP. Thus, in the solo practices, the payer can

implement a gatekeeping rule that allows the PCP to treat all patients in mild condition

until their condition deteriorates. This gatekeeping rule cannot be implemented in the

physician team.

In addition to the problem of over- and under-provision of care, Mehrotra et al. (2011)

find that information exchange between physicians is often insufficient. In 28-68% of

referrals PCPs did not communicate with the specialist, whereas in 4-45% of cases the

specialists did not communicate with the PCP. Even if information is provided, it is often

of low quality. These problems seem to be more pronounced when a PCP is referring

the patient. Resulting from these deficiencies in the referral process, treatment quality

is decreased and duplicate testing is increased.

These problems are examined in Chapter 5 by means of a theoretical model and an

experimental test. The model is based on a partially altruistic PCP who is referring a

patient to specialist care. She can either transfer no information or information of low

or high quality to the specialist with high-quality information being more efficient than

low-quality information. Either the patient or the specialist benefits from information
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provision. The degree to which information provision is beneficial is varied between

individual beneficiaries.

Two models for describing PCP behavior are considered, a model in which profit enters a

utility function linearly and a model in which the PCP evaluates profits with a Prospect

Theory type value function including loss aversion (see Kahneman and Tversky, 1979

and Tversky and Kahneman, 1991 for an overview of Prospect Theory in risky and

risk-less contexts). Both models predict that a partially altruistic PCP under-provides

high-quality information. Bonus payments for information provision are considered as

a remedy for the under-provision of information. These bonus payments do not depend

on the quality of provided information as it is prohibitively difficult for the payer to

verify provided qualities. Thus, the bonus payments impact the PCP’s choice in two

main ways. Firstly, it increases the profit earned for providing information of any quality

compared to the profit earned for not providing any information. This is captured in

both the linear and the Prospect Theory model. Secondly, the bonus payments impact

the PCP’s perception of her profits from providing low- and high-quality information

in terms of gains and losses. More specifically, if bonus payments are low, the PCP

loses profit when providing either information quality, thus perceiving the provision of

both qualities as a loss. If bonus payments are medium-sized, the PCP gains profit

for providing low-quality information (gain perception) and loses profit when providing

high-quality information (loss perception). Lastly, if bonus payments are large, the PCP

gains profits for providing either information quality (gain perception). These different

perceptions may impact PCP behavior. This aspect is only captured in the Prospect

Theory model.

As predicted by the models, PCPs in the experiment pass on more low- and high-quality

information as the bonus payment increases. If the bonus payment is at least as high

as the costs for the provision of high-quality information, PCPs provide less low-quality

information and more high-quality information than in decision tasks with lower bonus

payments. This behavioral pattern is in line with the model considering loss aversion
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Chapter 1. Introduction

in addition to altruism. Moreover, PCPs’ reactions to increases in the bonus payment

are similar regardless of whether the bonus payment is introduced cost-neutrally or not.

If specialists benefit from information provision and earn larger profits than the PCPs,

PCPs mainly focus on their own profit and provide less high-quality information than if

either patients benefit from information provision or if the PCP earns larger profits.

The remainder of this thesis is organized as follows. Chapter 2 reviews the relevant

theoretical and experimental literature on physician behavior and describes how this

thesis contributes to it. Chapters 3, 4, and 5 present the individual works of this thesis.
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Chapter 2. Literature Review and Contribution

2.1 Literature Review

This thesis is connected to several strands of the theoretical and experimental health

economic literature. The most important strands are discussed in turn. The majority of

the theoretical health economic literature is concerned with agency problems concerning

physicians and hospitals. Agency problems such as over- and under-treatment, over- and

under-referral, and insufficient treatment quality arise due to asymmetric information

between physicians and the payer. The aim of many papers, as well as this thesis,

is the analysis and derivation of optimal payment systems or forms of organizational

design in order to achieve the most socially efficient outcome given the informational and

practical restraints. The purpose of the payment system and the organizational design

is to internalize the social benefits and costs of physicians’ choices1. This incentivizes

physicians to balance costs and benefits of their diagnostic and therapeutic decisions in

such a manner as to maximize social welfare.

Most closely related to this thesis is the literature on physician-initiated patient referrals.

Allard, Jelovac, et al. (2011) consider gatekeeping PCPs who may differ in both their

altruism and their ability to diagnose patients. More able physicians should put greater

trust in their diagnostic result, whereas less able physicians should choose whether to

treat or refer blindly. Allard et al. study the referral incentives of three different payment

systems: fee-for-service (FFS), capitation, and fund holding. They find that FFS and

fund holding tend to result in fewer blind referrals. Thus, rather than incentivizing the

economic use of resources, capitations can also lead to increased costs by incentivizing

the PCP to increase referrals to specialist care. Furthermore, both fund holding and

FFS dominate capitation if physicians are both sufficiently able and altruistic. These

results run counter to the usual result in a setting without referrals (see e.g. Chalkley

and Malcomson, 1998; Ellis and T. G. McGuire, 1986) that prospective payment systems

1See P. Bolton and Dewatripont (2005) for an introduction to contract theory and Heider and Mang

(2020) as well as Ma and Mak (2019) for a summary on the incentive effects of different health care

payment systems.
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2.1. Literature Review

such as capitation payments are a cost-containment mechanism, especially for altruistic

physicians.

Garcia-Mariñoso and Jelovac (2003) consider endogenous diagnostic effort in addition

to referral decisions. Optimal incentives call for a punishment whenever patients are re-

ferred to specialist care. Furthermore, gatekeeping performs better than no gatekeeping

whenever incentives for the PCP matter. Malcomson (2004) also investigates gatekeep-

ing PCPs with endogenous diagnostic effort. He finds that gatekeeping PCPs who are

responsible for the entire cost of care face too strong incentives for cost-containment.

Furthermore, if patients can choose between gatekeepers who do and do not receive in-

centive contracts for cost-containment, the incentive contracts are not useful as patients

tend to prefer physicians without an incentive contract.

Allard, Jelovac, et al. (2014) consider PCP self-selection into capitation or FFS contracts.

PCPs differ in both their altruism and their ability to diagnose patients. PCP choice of

payment contracts is optimal only under specific conditions: the PCPs’ abilities needs

to be exogenous, the expected loss of failed referrals and the proportion of high-ability

PCPs needs to be high. Giving PCPs the ability to self-select into contracts is never

optimal if diagnostic effort is endogenous or if PCPs compete for patients.

An extensive strand of the literature is concerned with physician altruism. In their

seminal paper, Ellis and T. G. McGuire (1986) add a term to physicians’ utility func-

tion capturing physicians’ altruistic preferences toward the patients in addition to their

own profits. They find that if a physician weights the patients’ benefits to a lesser de-

gree than her own profits, prospective payment will lead to an under-provision of care.

However, if she is paid by retrospective cost-based reimbursement, she will over-provide

care. As a solution they propose mixed reimbursements that have a prospective and a

retrospective component. Chalkley and Malcomson (1998) extend the analysis of Ellis

and T. G. McGuire (1986) to include effort for cost-reduction. As a result they find that

both optimal cost-reduction incentives as well as optimal quality provision can only be

achieved if physicians are perfectly altruistic, i.e. if they internalize patients’ benefits
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Chapter 2. Literature Review and Contribution

to the same degree as their own profits. In this case, physicians need to be reimbursed

prospectively. For partially altruistic physicians, mixed contracts may improve on purely

prospective payments by increasing the incentives for quality provision.

Eggleston (2005) considers a physician who can provide two different types of quality,

one that can be verified by the payer and another than can not. Too strong incentives

for cost control as well as strong incentives for the verifiable quality leads to an under-

supply of the non-verifiable quality. Again, mixed payments can help to alleviate this

problem. Kaarbøe and Siciliani (2011) consider two quality types that can be either

complements or substitutes. They find that stronger performance incentives are optimal

if qualities are complements rather than substitutes.

An issue with the optimal contracts from Ellis and T. G. McGuire (1986) and Chalkley

and Malcomson (1998) is that they require knowledge of the altruism parameter of the

physician. As physician altruism is highly heterogeneous (Godager and Wiesen, 2013),

this is unlikely to be the case. Jack (2005) extends Chalkley and Malcomson (1998)

by modeling altruism as private information of the physician. He proposes a menu of

contracts in which physicians may choose between contracts with a large budget but

strong cost sharing or a small budget with weak cost sharing. Similarly, Choné and

Ma (2011) also call for a menu of contracts. However, they show that if the payer

does not know the patient’s valuation of health care, optimal contract menus contain

strong pooling. Barham and Milliken (2015) consider the physician’s choice of how many

patients to treat in addition to the treatment quality per patient. Contrary to Ellis and

T. G. McGuire (1986) and Chalkley and Malcomson (1998), they find that altruistic

physicians who are not capacity constrained do not have an incentive to over-supply

quality. Physicians rather increase the amount of patients treated. Given a constant

capitation fee, mixed payments can not alleviate this issue but improve access to care.

Furthermore, similarly to Jack (2005) and Choné and Ma (2011), Barham and Milliken

(2015) propose menus of contracts to improve the quality of treatment.

There do not exist many instances of menus of contracts being used as a basis for real

12



2.1. Literature Review

world health care systems2. One reason might be that offering a large menu of contracts

is too complex. Liu and Ma (2013) propose an alternative solution to the problem

of unverifiable altruism parameters. If physicians are able to commit to a treatment

plan before learning the patient’s illness severity, a single payment contract can be used

to implement socially efficient treatment choices. This contract leaves the physicians

no profit whenever they provide the efficient treatments. Furthermore, cost sharing

is set to such a level that the least altruistic provider prefers to provide the efficient

treatment. Liu, Ma, and Mak (2018) show that a similar contract can implement efficient

gatekeeping protocols and time-investment in a partnership with motivated experts.

Similarly to Liu and Ma (2013), Malcomson (2005) considers a physician’s choice from

a discrete set of treatments. However, he does not consider physician altruism. Patients

differ in their disease severity and treatment costs. The payer is able to verify which of

two treatments has been provided but is unable to verify whether it was the appropriate

treatment for the patient. The implementation of the optimal treatment choice is not

always possible. It requires that treatment costs are rising in severity and that the costs

of the treatment which is appropriate for less severely ill patients rise faster in patient

severity than the costs of the treatment which is appropriate for the more severely ill

patients.

Another strand of the literature analyzes the organizational design of agents (Grassi and

Ma, 2016; Jelovac and Macho-Stadler, 2002). The focus of these papers is less on the

derivation of optimal payment schemes and more on the question of whether organizing

agents in a team or partnership is efficiency enhancing. This is also the main focus

of Chapter 4 of this thesis. Grassi and Ma (2016) study a referral market between

experts who each provide cost-efficient treatment for one of two types of clients. An

adverse selection problem can exist because experts do not internalize the other expert’s

costs. Forming an organization has both positive and negative effects. It is beneficial

for referral efficiency as the team members internalize the cost-savings from providing

2An exception is the UK fund-holding scheme in the 90s.
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Chapter 2. Literature Review and Contribution

appropriate treatment. However, forming an organization reduces incentives for cost

control for the referred expert. Jelovac and Macho-Stadler (2002) studies a hospital

that may subcontract with its physician. They find that hospital subcontracting may

be superior to contracting with both parties simultaneously. This is the case if the

hospital’s investment decisions matter sufficiently much for the quality of care.

A small strand of the literature uses dynamic models to analyze physician behavior from

a theoretical perspective. Hey and Patel (1983) and Hennessy (2008) analyze prevention

and cure investments of an individual by means of Markov models. Patients can be in

one of two health states —healthy or sick. While they are healthy they can invest

into prevention in order to decrease the probability of their health state deteriorating.

While they are sick they can invest into curative measures in order to increase the

probability of their health state improving. The main finding of Hennessy (2008) is that

prevention and cure can be both complements and substitutes. Strong investments into

prevention improve the effectiveness of curative investments as returning to the healthy

state is more profitable. However, strong investments into curative measures lowers the

effectiveness of prevention as sick individuals will be quickly returned to a healthy state

anyways. Prevention and curative efforts of physicians are studied in Chapter 4 of this

thesis. Another paper using a dynamic setup is Allard, Léger, et al. (2009). They study

repeated provider competition and find that competition can create effort incentives.

However, switching costs between physicians lowers the effectiveness of competition.

The predictions of the theoretical literature have been tested in laboratory experiments.

A large part of this literature is focused on the impact of physician altruism on the pro-

vision of health care. Hennig-Schmidt, Selten, et al. (2011) consider treatment quantity

choices of students in the role of physicians and find that participants react to changes

in the payment system. Under FFS, they provide more treatment quantity than under

capitation payments. However, they also find that physicians take into account the pa-

tients well-being to a significant degree. Brosig-Koch et al. (2016b) confirm these results

for both medical students and medical doctors. Brosig-Koch et al. (2017) experimentally
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2.1. Literature Review

confirms the theoretical result that mixed payments outperform pure FFS or capitation

in terms of social welfare. Waibel and Wiesen (2021) study the impact of a referral fee

on PCP referral behavior. They find that referral fees increase the number of referred

patients for barely altruistic physicians, which can enhance welfare. However, contrary

to their theoretical prediction, they do not find an effect on the physicians’ diagnostic

efforts. Kesternich et al. (2015) consider the impact of professional norms on medical

decision making. They find that not only financial incentives from payment systems af-

fect physician behavior. In particular, confronting participants with professional norms

derived from the Hippocratic Oath decreases their self-interest and efficiency concerns.

Kerschbamer, Sutter, and Dulleck (2017) consider social preferences of providers in a

general credence goods market (see Darby and Karni, 1973, further Dulleck and Ker-

schbamer, 2006 and Kerschbamer and Sutter, 2017 for surveys). In their model, con-

sumers can verify the quality they receive. In this setting, the standard model of selfish

agents who exhibit a weak taste for efficiency predicts that providers are willing to pro-

vide the efficient quality of the good if and only if they receive equal markups for any

product quality. However, the authors find that only about a fourth of participants be-

haved in this manner. Instead, participants exhibited both inequality aversion as well as

a strong taste for efficiency. Consequently, institutions designed under the assumption

of providers being weakly efficient profit-maximizers may yield sub-optimal results.
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Chapter 2. Literature Review and Contribution

2.2 Contribution

2.2.1 Chapter 3: “Diagnostics and Treatment: On the Division

of Labor between Primary Care Physicians and

Specialists”

Similarly to Kerschbamer, Sutter, and Dulleck (2017), Chapter 3 considers a situation

in which a selfish agent with a weak taste for efficiency acts in a socially efficient man-

ner. Specifically, if they receive equal markups regardless of which physician treats the

patient, selfish physicians would always choose the efficient treatment path. Altruistic

PCPs, on the other hand, over-refer patients to specialists, whereas altruistic specialists

do not back-refer patients who only benefit marginally from their treatment. Physi-

cian altruism can be a desirable quality as it can simplify the incentivization of effort

provision (see Chalkley and Malcomson, 1998). In contrast, Chapter 3 highlights the

two-sided nature of altruism. It further contributes by deriving payment contracts that

solve this problem. These optimal contracts call for markups for either the immediate

treatment of the patient by the PCP or for the back-referral to the PCP by the specialist.

Furthermore, Chapter 3 shows that these markups also generate welfare improvements

if the payer has limited knowledge on the effectiveness of specialist treatment.

Chapter 3 contributes to the literature on physician-initiated referrals. This strand of

the literature has focused on the incentives of PCPs and has mostly not considered

incentives affecting specialists’ referral decisions3. In particular, Chapter 3 contributes

by analyzing the strategic interactions between PCP and specialist. This analysis yields

the new result that the PCP can be indirectly incentivized by markups for the specialist.

This may be desirable for the payer because these markups can be more rent-efficient

than markups for the PCP.

3Godager, Iversen, et al. (2015) consider referral incentives for a specialist. However, they do not

derive optimal payment schemes.
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2.2. Contribution

2.2.2 Chapter 4: “Should Physicians Team Up to Treat

Chronic Diseases?”

Similarly to Chapter 3, Chapter 4 contributes to the literature on physician-initiated

referrals. Both treatment- and effort decisions have been studied simultaneously by

Garcia-Mariñoso and Jelovac (2003) before. However, there are three significant differ-

ences between the models. First, Chapter 4 considers chronic patients with the help of

a dynamic model. To the best of my knowledge, there does not exist another theoretical

analysis on this topic that uses a dynamic approach. Second, in addition to deriving

optimal treatment fees, Chapter 4 compares two forms of organizational design —solo

practices and a physician team. Third, Chapter 4 does not assume that the patient’s

state is revealed at any point in the game. This allows for the derivation of more realistic

payment contracts that do not rely on information about the patient’s state. Grassi and

Ma (2016) also consider different forms of organizational design. However, they do not

consider a dynamic model and do not derive optimal payments.

The main new results are as follows. First, it is possible for the solo practices to outper-

form the team, even though there is no problem of asymmetric information between team

members. This is a consequence of the fact that, contrary to the setting in Grassi and

Ma (2016), the cheapest treatment may not always be the socially efficient treatment.

Instead, patient health losses from improper treatment are also considered. Thus, the

strong cost-efficiency of the team may turn into a disadvantage for the payer. Second,

given that team treatment is optimal, optimal payments call for markups for PCP care

and cost sharing for specialist care. This makes it more profitable for the team to exert

effort in order to keep patients in mild condition.
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2.2.3 Chapter 5: “Rewards for Information Provision in

Patient Referrals: A Theoretical Model and an

Experimental Test”

Chapter 5 contributes both to the theoretical and the experimental literature. In the

theoretical part, the effect of a bonus payment for a PCP’s provision of medical infor-

mation is analyzed. Though financial incentives affecting referral behavior of physicians

have been considered before, incentives affecting information exchange between physi-

cians has, to the best of my knowledge, not been examined explicitly. The experiment

reveals, consistently with empirical evidence, that too little information is provided and

that this information is of low quality. Introducing the bonus payment induces the pro-

vision of both low- and high quality information. Increasing the bonus payment from

just covering the cost of low-quality information to at least covering the costs of high-

quality information, results in an increase in high-quality information and a decrease in

low-quality information. The theoretical model based on Prospect Theory delivers an

explanation for this behavior. However, a welfare analysis indicates that large bonus

payments are only efficient from the payer’s perspective if the bonus payment is intro-

duced cost-neutrally and if the benefits from information provision are large. This result

is useful for the practical implementation of these bonus payments.

In addition to the patient, the specialist is considered as a beneficiary from information

provision as well. This is new in the experimental literature. The experiment shows

that, compared to all other conditions, PCPs are acting in a significantly less altruistic

manner if specialists both benefit from information provision and earn larger profits than

the PCP.
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3 Diagnostics and Treatment: On

the Division of Labor between

Primary Care Physicians and

Specialists

Malte Griebenow and Mathias Kifmann

Abstract

This paper analyzes the referral processes between a gatekeeping primary-care physician (PCP)

and a specialist. Specialists provide superior treatment for some patients but are more costly

than PCPs. Agency problems arise because diagnostic signals are private information of the

physicians. Welfare optimizing contracts can call for a markup either to the PCP for treating

patients without referral or to the specialist for referring patients back to the PCP. If the

benefit of specialist treatment is uncertain, small markups for the specialist enhance welfare

compared to a cost-based fee-for-service contract. Additionally, we consider how waiting costs

for referrals affect our main results.
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3.1 Introduction

An important topic in health care is that patients obtain diagnosis and treatment by the

appropriate provider. This often requires that providers refer patients to other providers. For

instance, in 2009, 9.3% of patient visits to US ambulatory physicians lead to a referral to

another physician (M. L. Barnett et al., 2012). The literature on referrals has shown that

the extent of appropriate referrals depends on provider incentives. If providers are paid by a

capitation scheme, they have an incentive to refer more patients than otherwise, since they can

save on their own costs by not treating the patient. Conversely, if providers are paid by fee-for-

service (FFS) payments, they are incentivized to (over-)treat patients themselves (Iversen and

Lur̊as, 2000; Allard, Jelovac, et al., 2011; Sarma et al., 2018). Not referring patients that would

have greatly benefited from a referral deteriorates patient’s outcomes (under-referral), whereas

referring patients who do not or only marginally benefit from a referral leads to unnecessary

costs on the health care system (over-referral). Empirically, there is evidence for both over-

and under-referrals (Mehrotra et al., 2011).

Previous literature has focused on the initial referral decision. This paper goes further and

also considers possible strategic decisions by the specialist to whom the patient is referred.

The specialist diagnoses the patient and decides whether to treat herself or to refer the patient

back to primary care. Primary care physicians (PCPs) can not be expected to be proficient

enough in every specialty to perfectly diagnose a patient’s health status. Therefore, some

patients who do not require specialist treatment may be referred anyways. Since treatment

costs for specialists are often higher than the costs of PCP treatment (Whittle et al., 1998;

Harrold et al., 1999), it can be efficient to refer the patient back to the PCP even if specialist

treatment confers some additional benefit over PCP treatment. Thus, both providers need to

be incentivized to make appropriate referral decisions.

We consider two information structures for the PCP’s diagnostic procedure. In our benchmark

case, the PCP is able to identify some low-severity patients while being unable to identify

high-severity patients. This is relevant if severe cases always exhibit specific symptoms. If

a symptom is not present, the PCP can conclude that the patient is not severely ill. In

the second alternative structure, by contrast, the PCP is able to identify some high-severity
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patients while being unable to identify low-severity patients. This is relevant if the existence of

specific symptoms is highly indicative of the patient’s severe disease state but patients without

those symptoms may still be severely ill.

As PCPs can only imperfectly determine whether a patient benefits from the specialist’s treat-

ment they should refer some patients with an unclear diagnosis. The specialist, on the other

hand, should refer back patients who would only benefit little from her treatment. This situa-

tion is of particular relevance for patients suffering from chronic diseases. For example, older

patients with diabetes can be treated either by their PCP or an endocrinologist. Research

has shown that treatment by endocrinologists is more costly but does not necessarily lead to

better health outcomes (Chin et al., 2000). Therefore, the PCP should not refer all patients

to the endocrinologist and the endocrinologist should refer back patients that can be treated

by the PCP. Similarly, a patient who suffers from a mild case of asthma can be treated by the

PCP, whereas more severe cases should be referred to a pulmonologist (Government of Western

Australia - Department of Health, 2006). After the patient’s condition has stabilized he should

be referred back to the PCP (Schermer et al., 2003). Patients with chronic kidney disease in

stages 3 and 4 can be managed in either primary or secondary care. Among the treatment

options are that the patient is referred for diagnosis to a nephrologist and then transferred

back to the PCP for care (Wilson et al., 2012).

We develop a theoretical model to analyze the referral processes between a gatekeeping PCP

and a specialist. Both providers are assumed to partly internalize patients’ benefits. An agency

problem arises because the payer can not observe the patients’ severities and the physicians’

diagnostic results. Even after the treatment is performed it is not possible to verify whether

the treatment was appropriate. Therefore, our model deals with a credence good (see Darby

and Karni, 1973, further Dulleck and Kerschbamer, 2006 and Kerschbamer and Sutter, 2017

for surveys). Both under- and over-treatment can potentially arise. Over-charging is not an

issue since we assume that the treatments provided by physicians can be verified.

The key problem in our setting is to implement cost-effective treatment by the appropriate

provider. Physicians who partly internalize the benefit of treatment that accrues to the patient

cannot be expected to make the corresponding referral choices if they do not internalize the
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costs of the other physician or the system as a whole. In particular, this can lead to an over-

supply of specialist treatment if specialist treatment is more effective than PCP treatment.

The aim of this paper is to find socially efficient contracts to counteract this problem. An

important aspect in this context is that different fee schemes may lead to different information

rents for the physicians if payments need to be non-negative. We consider this aspect in our

analysis.

Payment systems that optimally incentivize both providers’ referrals are derived. We find

that altruistic physicians tend to over-supply specialist care under a cost-based FFS contract.

Hence, under both information structures welfare optimizing contracts can call for markups

(a) to the PCP for treating patients without referral, or

(b) to the specialist for referring patients back plus cost sharing for treatment.

Either option can be efficient, depending on the benefit that patients receive from specialist

treatment and the difference in the treatment costs between the physicians. Additionally,

under the alternative information structure, employing both markups may be necessary.

Markups for the PCP can generate rents for the PCP if payments can not be negative, whereas

the rent from a markup to the specialist for back-referring the patient can be extracted through

employing cost sharing when the specialist treats patients. This makes markups to the PCP

less attractive for the payer.

We also consider the case that the payer faces uncertainty with regard to the benefit of specialist

treatment. Then markups for the specialist are welfare enhancing as long as they are sufficiently

small. Furthermore, we examine the impact of waiting costs on our main results. In this case

the patient suffers waiting costs whenever he is referred to another physician. If waiting costs

are a factor, it is more likely to be optimal to incentivize only the PCP to discriminate based

on her diagnostic signal.

The paper proceeds as follows. Section 3.2 discusses related literature. In Section 3.3, we

present the model. In Section 3.4, we characterize the first-best division of labor between

PCPs and specialists. In Section 3.5, we derive optimal contracts, given that the payer does
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not observe diagnostic signals. In Section 3.6, we examine the model robustness with regard

to different assumptions. We consider uncertainty with regard to the benefit of specialist

treatment, waiting cost of referrals, and the alternative information structure. Section 3.7

concludes.

3.2 Literature Review

So far, the theoretical literature on referrals has focused on the incentives for gatekeep-

ing primary-care physicians (PCPs) and has mostly not considered interactions with other

providers of care. Garcia-Mariñoso and Jelovac (2003) and Malcomson (2004) derive optimal

payment contracts for gatekeeping PCPs who can vary their diagnosis effort. Effort can be

incentivized by imposing cost sharing on the PCP when she refers a patient. However, this

may lead to fewer referrals than the efficient amount. Cost-responsibility for PCPs’ referrals

have been employed in the fundholding scheme of the NHS. This led to the desired effect of

lowering elective hospital admissions (Dusheiko, Gravelle, Jacobs, et al., 2006) at the cost of

reduced patient care satisfaction (Dusheiko, Gravelle, Yu, et al., 2007).

González (2009) compares gatekeeping with free specialist choice when some patients make

informed decisions. Allard, Jelovac, et al. (2011) compare the efficiency of common payment

systems with regard to optimal referral decisions. They find that both FFS and PCP cost

sharing arrangements can reduce unnecessary specialist treatment. Allard, Jelovac, et al.

(2014) consider PCP self-selection into capitation or FFS payments and show that this is

never optimal under endogenous diagnostic effort or competition. Shumsky and Pinker (2003)

consider a situation in which the gatekeeper not only has an information advantage with

regard to the optimal treatment decision but also his own ability. They find that a bonus for

patient volume in addition to bonuses based on referral rates may be necessary for first-best

performance.

A limitation of this literature is the analysis of specialist behavior. Specialists are assumed

to treat all patients who are referred. They do not act strategically themselves. However,

incentives for specialists are important as well. Similarly to PCPs, the specialists’ treatment
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decisions affect the patient benefit and the costs of care. Furthermore, the specialist’s behavior

may affect the PCP’s behavior. This may have an influence on the optimal payment system

from the payer’s viewpoint.

A few papers have considered incentives for specialists. In Brekke et al. (2007) hospitals

can choose their specialization and quality. The authors show under which circumstances

gatekeeping is superior to free specialist choice. They do not incorporate strategic interactions

between the referring PCP and the hospital. Similarly to our paper, Godager, Iversen, et al.

(2015) consider a specialist who can refer patients back to the PCP. However, they do not

derive welfare maximizing payment contracts. There are two papers which consider referrals

between heterogeneous experts in a more general setting. Experts in Liu, Ma, and Mak (2018)

differ in ability and costs, and work in a partnership which is constrained by a minimum profit

constraint. They find that an expert partnership with unknown altruism can be incentivized

through this constraint. By contrast, we consider non-cooperative physicians and do not impose

a joint profitability constraint. Grassi and Ma (2016) consider profit-maximizing experts with

differing cost advantages between projects who can refer clients between each other. However,

their focus is on expert organizations and not on payment contracts.1

Kerschbamer, Sutter, and Dulleck (2017) consider a credence goods market in which consumers

can verify the quality of the good they receive. In this setting, the standard model of selfish

utility maximization predicts that providers are willing to provide the efficient quality of the

good if and only if they receive equal markups for any product quality. This corresponds to

a cost-based FFS contract in our setting. In their experiments, however, the authors find

that providers tend to over-treat the consumer in the equal markup case. This confirms the

importance of other-regarding preferences. Consequently, it is valuable to analyze optimal

contracts for pro-social experts in a credence goods market. In our setting, specialist over-

treatment is problematic because societies’ resources are not used in an efficient manner.

1An alternative to creating optimal payment schemes is to allow kickback payments between physicians.

Pauly (1979) finds that this can be welfare enhancing by giving physician an incentive to refer

patients who can be treated more cost-efficiently by another physician. Inderst and Ottaviani (2012)

find that mandatory disclosure of kickbacks can have ambiguous welfare effects. We do not consider

kickbacks in this paper.
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We contribute to the literature by deriving contracts that efficiently solve the problem of

specialist over-treatment resulting from physician altruism. In this context, the efficiency

of a contract is determined by the resulting treatment paths of the patients as well as the

information rents that accrue to the physicians. In contrast to previous literature, we consider

incentives for both PCPs and specialists.

3.3 Model

A health care payment authority (the payer) contracts with a PCP and a specialist to treat

patients who suffer from a disease which can take the severities k ∈ {L,H}. The share

0 < p < 1 of the patients is severely ill (k = H), the remaining share 1− p suffers from a mild

illness (k = L). The disease can be treated by both types of physicians and both physicians are

assumed to have sufficient capacity to treat all patients. However, the effectiveness of treatment

differs between the physicians. In particular, the specialist can treat the high-severity cases

better due to her more sophisticated disease-specific technical and human capital.2

We model the differences in treatment abilities by assuming that each physician provides one

treatment which has different benefits for the patients depending on severity. Treating a patient

of type k with treatment j ∈ {P, S} confers a benefit of bjk to the patient. High-severity patients

receive a surplus benefit from specialist treatment (κH := bSH − bPH > 0) which is greater than

the surplus benefit for low-severity patients (κH > bSL − bPL =: κL). Furthermore, κL may

be positive or negative. In the first case, a low-severity type patient benefits from the higher

sophistication of the specialist treatment. In the second case, he suffers from over-treatment

or the PCP is more experienced in treating low-severity diseases. Since we assume that both

treatments cure the disease, patients can not receive both treatments. The costs of treatment,

cj , depend on the physician as well. Due to the higher sophistication of the specialist, it is

reasonable to assume that she has higher costs of treating a patient than the PCP, i.e. cS > cP .

Any cost parameter presented in this model includes both the direct costs and time-costs of

the physicians.

2For ease of exposition, we adopt the linguistic convention that the physicians are female and the

payer and the patient male.
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Figure 3.1: Cases z, dashed lines indicate that the PCP can not differentiate between

these cases and therefore cannot identify a high-type patient with certainty

Before a treatment decision can be made, the patient needs to be diagnosed. In our benchmark

case, we assume that the PCP can identify a low-type patient with probability q but can not

identify a high-type patient with certainty, since she is less experienced with this disease

severity. In Subsection 3.6.3, we explore the alternative assumption that the PCP can identify

a share of high-severity patients but is not able to perfectly identify low-severity patients. For

simplicity, we assume that this diagnosis is costless. The specialist, by contrast, can identify

any patient with certainty at cost dS > 0.3 We assume that physicians always diagnose their

patients.

The state of PCP-knowledge is denoted by k̃ ∈ {0, 1}. If the PCP can identify the severity of

the patient’s disease, she receives k̃ = 1, otherwise k̃ = 0. This leads to the definition of the

following three cases z ∈ {1, 2, 3}:

z =


1, k = L, k̃ = 1

2, k = L, k̃ = 0

3, k = H, k̃ = 0

(3.1)

3The assumption of perfect diagnostic ability is made only to save on notation. Our results also hold

when specialists have sufficiently high diagnosis accuracy given their costs.
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Figure 3.1 depicts an overview of the possible cases. In case 1, the PCP diagnoses a low-severity

type with certainty (signal k̃ = 1). This case arises with probability (1− p)q. In cases 2 and 3,

the PCP receives signal k̃ = 0 and can not distinguish low-severity from high-severity types.

Case 2 arises with probability (1−p)(1−q), case 3 with probability p. The PCP uses Bayesian

inference to update her beliefs.

The PCP takes on the role of a gatekeeper who receives and diagnoses all patients who seek

medical care. There are three possible treatment paths T ∈ {P1, P2, S} for each case z; the

PCP may immediately treat the patient after the diagnosis (P1), the specialist may treat the

patient after the PCP has referred the patient to her (S) or the PCP may treat the patient

after the specialist has referred him back (P2). For now, we assume that the benefits and costs

of treatment paths are the same for P1 and P2 (excluding the specialist’s diagnosis costs) and

correspond to bPk and cP . In Subsection 3.6.2 we consider the impact of waiting time costs.

For each case z, Tz indicates the treatment path of a patient; i.e., a patient of type L with

k̃ = 1 receives T1, a patient of type L with k̃ = 0 receives T2, and a patient of type H with

k̃ = 0 receives T3. The vector

T⃗ =
(
T1 T2 T3

)T
(3.2)

summarizes the treatment paths for all cases z. For example,
(
P1 S P2

)T
indicates that a

patient in case 1 is treated by the PCP after diagnosis, a patient in case 2 is treated by the

specialist and a patient in case 3 is referred back by the specialist to the PCP.

Physicians are partially altruistic with βj ∈ [0, 1] measuring the degree of altruism of a physi-

cian of type j ∈ {P, S}. For simplicity we assume that the altruism factor is known by the

payer. This allows us to derive the optimal type of contract for self-interested and altruistic

physicians. Utility is given by a linear combination of the altruistic benefit βjb and the profit

from treatment Πj . These depend on the treatment paths Tz, i.e., on how a patient is treated

in case z:

Uk
j (Tz) = βjb

Tz
k +Πj(Tz), j ∈ {P, S}, k ∈ {L,H} (3.3)

Furthermore, both physicians know their own and the other physicians’ degree of altruism

βj . The specialist always knows the state of the patient. Thus, she maximizes (3.3) with
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Tz ∈ {S, P2} for each state in which she receives a referral. The PCP can only choose between

treating a patient immediately (P1) or letting the specialist treat the patient according to the

specialist’s preferences. If she has identified a low-type patient, she maximizes (3.3). However,

if she can not identify the patient’s type, she chooses treatment T 0 so as to maximize her

conditional expected utility

EUP (k̃ = 0) = p0LU
L
P (T

0) + p0HUH
P (T 0), j ∈ {P, S}, (3.4)

where p0L := Pr(k = L|k̃ = 0) = (1−p)(1−q)
(1−q)(1−p)+p , p

0
H := (1− p0L).

The payer ensures that the physicians are willing to accept their contracts by designing a

payment scheme that leads to at least zero (economic) profits Πj in expectation:

EΠj = q(1− p)Πj(T
∗
1 ) + (1− p)(1− q)Πj(T

∗
2 ) + pΠj(T

∗
3 ) ≥ 0, j ∈ {P, S}, (3.5)

where T ∗
z is the implemented treatment path in case z.4

Patients are fully insured at an actuarially fair premium. They passively follow their physicians’

recommendations. Finally, we assume that for all patients at least receiving PCP treatment

always confers a greater benefit to the patient than the costs of treatment, i.e. bPk > cP for all

k.

The payer is assumed to maximize patient welfare which is given by the expected difference

between patient benefits and the sum of the physicians’ profits and the costs for treatment and

diagnosis,

EW = Eb−EΠ−Ec. (3.6)

Figure 3.2 displays the sequence of events. First, the payer designs the payment scheme.

Physicians accept the payment scheme if their zero profit constraint is met in expectation. If

the PCP refuses, the game ends. If only the specialist refuses, the PCP will treat all patients

as long as her participation constraint is still fulfilled. Afterwards, nature draws the type of

patient. The PCP diagnoses the patient and can either treat the patient herself or refer the

4Following Liu and Ma (2013), Liu, Ma, and Mak (2018), and Olivella and Siciliani (2017), we assume

that the zero profit constraint is sufficient to guarantee participation.
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Payment system and
patient insurance are
created.

Physicians accept or
reject their contracts.

Nature draws k = L
or k = H.

PCP diagnoses the
patient, nature draws
k̃ = 0 or k̃ = 1.

S diagnoses the pa-
tient.

PCP treats the pa-
tient, payments are
made and the game
ends.

PCP treats the pa-
tient, payments are
made and the game
ends.

S treats the patient,
payments are made
and the game ends.

ref.

(dS)

T
z = P

1

ref.

Tz = P2

T
z = S

Figure 3.2: Sequence of Events

patient to the specialist. If the patient is referred to the specialist, the patient is diagnosed

again regardless of whether the PCP detected the type or not. The specialist decides to treat

the patient or to refer the patient back to the PCP. Neither physician has prior information

about the type of the patient.

3.4 First-Best Benchmark

In this section, we derive the first-best treatment paths T⃗FB which maximize patient welfare

(3.6) subject to the physicians’ participation constraints and assuming that the diagnostic

outcome is known to the payer. The first-best solution corresponds to a setting in which the

payer can design a contract contingent on diagnostic outcomes. In this case, any treatment

path vector which is compatible with the participation constraints can be implemented. No

rent accrues to the physicians, i.e. EΠ = 0.5

In Appendix 3.A.1, we prove Theorem 1 which derives the first-best treatment path vectors.

5Since the gain in expected patient welfare from assigning one patient to some treatment path is

independent of the other patients, any first-best optimal solution will assign the same treatment

path to every patient in the same case z.

29



Chapter 3. Diagnostics and Treatment
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Figure 3.3: First-best (dashed lines) treatment path vector depending on the specialist
surplus benefit. Dotted line indicates κH = κL. κ

1 = cS − cP , κ
2 = dS + cS −

cP , κ
3 = cS − cP + dS/p

0
H .

Theorem 1. The first-best vector of treatment paths T⃗FB is given by

T⃗FB =



(P1 P1 P1)
T if p0LκL + p0HκH ≤ dS + cS − cP ,

κH ≤ cS − cP + dS/p
0
H ;

(P1 P2 S)T if κH ≥ cS − cP + dS/p
0
H ,

κL ≤ cS − cP ;

(P1 S S)T if cS − cP ≤ κL ≤ dS + cS − cP ,

p0LκL + p0HκH ≥ dS + cS − cP ;

(S S S)T if κL ≥ dS + cS − cP .

(3.7)

Figure 3.3 shows the optimal treatment path vector T⃗FB depending on the specialist surplus

benefits. We assume κH > κL because it seems reasonable that high-severity patients would

benefit more from the specialist’s greater sophistication than low-severity patients. Thus, we

only consider the contracts of κL and κH below the 45◦-line. Here we obtain the following

results:

� Treatment path (P1 P1 P1)
T is optimal if both κL and κH are sufficiently small. In this

case, it is optimal to have the PCP treat both patient types because the benefits from

specialist treatment are small.
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� Treatment path (P1 P2 S)T is optimal for large values of κH and small values of κL. In

this case, it is efficient for the specialist to treat high-type patients while referring back

low-type patients who were not detected by the PCP. The cost savings of referring back

a low-type patient outweigh the forgone patient benefits.

� Treatment path (P1 S S)T is optimal if κH is sufficiently large and κL is larger than

κ1 = cS − cP but smaller than κ2 = dS + cS − cP . In this case it is efficient for the PCP

to treat detected low-type patients and for the specialist to treat both undetected types.

Detected low-types would incur additional diagnostic costs if they were treated by the

specialist whereas the diagnostic costs of the low-types who have only been detected by

the specialist are already sunk.

� Treatment path (S S S)T is optimal if κL, and therefore κH , is larger than κ2 =

dS + cS − cP . It is efficient to have the specialist treat both patient types because

the patient benefits for either type are larger than the additionally incurred costs of

specialist diagnosis and treatment.

3.5 Private Diagnostic Signals

We now turn to the second-best problem of incentivizing physicians when the payer can not

observe the diagnostic signals of the physicians. However, the payer can verify whether a patient

has visited a physician and which treatment was provided. The payments to the physicians

γTj can therefore be made contingent on the treatment path T ∈ {P1, P2, S}. With these

payments, capitations and FFS payments, as well as any mix of the two, can be implemented

by the payer. For a capitation, the payer needs to set γP1
P = γP2

P = γSP for the PCP and

γP2
S = γSS for the specialist. Under a payment with a FFS component physician activity gets

rewarded: γ
P1/P2

P > γSP , γ
S
S > γP2

S . Furthermore, the payer can let the PCP share a part of the

specialist’s diagnosis costs by setting γP2
P < γP1

P .

In the following, contracts are derived which implement the candidate first-best treatment path

vectors from Equation (3.7) at minimal rents for the physicians. We impose the non-negative
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payments condition

NNP: γTj ≥ 0, j ∈ {P, S}, T ∈ {P1, P2, S}. (3.8)

We first consider (P1 P2 S)
T .6 First, the PCP decides whether to treat or refer the known low-

type patients (z = 1) and the patients of unknown type (z = 2, 3). Afterwards, the specialist

learns the real type of the patients and chooses to treat or refer back those low- and high-

type patients who she received from the PCP. The PCP correctly anticipates the behavior of

the specialist and adjusts her behavior accordingly. Hence, the problem gets solved through

backward induction. We assume that physicians choose the patient welfare-maximizing option,

whenever they are indifferent between two options. (P1 P2 S)
T can be implemented by fulfilling

System of Inequations (3.9).

IC1
P : γP1

P ≥ γP2
P

IC2
P : γP1

P − cP ≤ p0H(βPκH + γSP ) + p0L(γ
P2
P − cP )

PCP : (1− p)q(γP1
P − cP ) + (1− p)(1− q)(γP2

P − cP )

+ pγSP ≥ 0

IC1
S : βSκH + γSS − cS ≥ γP2

S

IC2
S : βSκL + γSS − cS ≤ γP2

S

PCS : (1− p)(1− q)(γP2
S − dS) + p(γSS − cS − dS) ≥ 0

NNP : γTj ≥ 0

(3.9)

For low-type patients, the PCP needs to treat patients without referral rather than after a

back-referral from the specialist. This is ensured by IC1
P . IC2

P guarantees that patients of

unknown type are not immediately treated by the PCP. Instead, the PCP needs to treat

low-type patients after a back-referral by the specialist and not treat high-type patients. IC1
S

ensures that the specialist treats high-type patients, IC2
S that she refers back low-type patients.

PCS and PCP represents the physicians’ participation constraints.

6The indiscriminate outcomes can easily be implemented without rent payments, (P1 P1 P1)
T by not

paying the specialist and paying the PCP according to her participation constraint and (S S S)T

by paying both providers by a FFS payment that just covers their expected costs. In the following,

we therefore focus on the implementation of the treatment paths (P1 P2 S)T and (P1 S S)T .
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In the following we will derive a contract that implements (P1 P2 S)T without rents accruing

for the physicians. Consider first incentives for the specialist. Figure 3.4 visualizes how proper

incentives can be given under the assumption that the PCP refers unknown types only. It

shows the incentives constraints of the specialist depending on the remuneration for back-

referral and treatment. To meet the incentives constraint, γP2
S and γSS must be between the

dashed lines. Then, the specialist prefers to treat high-types (IC1
S fulfilled) and refers back

low-types (IC2
S fulfilled). In order to maximize welfare, rent payments should be kept as low

as possible. Optimally, the payer wants to leave no rent to the physicians. Hence, the optimal

contract lies on the specialist’s zero profit line E[ΠS ] = 0. The solid lines marked by γ∗S in

Figure 3.4 contain all contracts for the specialist that implement (P1 P2 S)T without rent.

(P1 P2 S)T can be implemented by a cost-based FFS contract with γP2
S = dS and γSS = dS + cS

for the specialist if her surplus benefit βSκL from treatment for low-type patients is negative.

This is displayed in Figure 3.4a. IC2
S is met. The intuition is that under cost-based payment,

an altruistic specialist does not need to be incentivized to refer patients back if her treatment

is inferior for low-type patients. By contrast, if the specialist is altruistic and κL > 0, it is

necessary to pay a markup for referring the patient back to counter the altruistic incentive

(Figure 3.4b). IC2
S has shifted downward as the specialist now needs to paid less to treat the

patient. In order to extract the rent, γP2
S must be increased and γSS reduced which calls for a

markup to the specialist for referring patients and cost sharing for treatment.

We now turn to the PCP’s decision assuming that the specialist treats high-type patients and

refers back low-type patients. The PCP expects this and will, therefore, not refer low-type

patients who she detected (case z = 1) to the specialist if she doesn’t benefit from delayed

treatment (i.e. γP1
P ≥ γP2

P ). Thus, if the specialist is properly incentivized, the PCP can be

paid with a simple cost-based FFS payment (γP1
P , γP2

P , γSP ) = (cP , cP , 0). Since the PCP only

cares about patient benefits under this contract, she will refer all unknown-type patients.

Theorem 2 (proof in Appendix 3.A.2) shows that for κL ≤ κ2 = dS + cS − cP it is always

possible to implement (P1 P2 S)
T without rent and without violating the non-negative payment

constraints. It is uninteresting to consider κL > κ2, since then (S S S)T is first-best and

second-best optimal (see Figure 3.3).
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(a) βSκL < 0
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dS + cS

(b) βSκL > 0

Figure 3.4: Second-best optimal contracts without rent payments to the specialist that
implement (P1 P2 S)

T given (γP1
P , γP2

P , γS
P ) = (cP , cP , 0). Dashed lines indicate

incentive- and participation constraints, the solid and thick line indicates the
set of optimal contracts.

Theorem 2. Let κL ≤ κ2. The following contract implements (P1 P2 S)T without a rent

payment for either physician:

γP1
P

∗
= cP

γP2
P

∗
= cP

γSP
∗
= 0

γP2
S

∗
= dS + p0H max(βSκL, 0)

γSS
∗
= dS + cS + p0Lmin(−βSκL, 0).

Observe that the contract from Theorem 2 includes the minimum γP2
S such that the specialists

incentive constraints are fulfilled. However, if βSκL > 0, γP2
S

∗
is larger than the diagnostic

costs of the specialist. The altruistic specialist thus needs to be paid a markup in order to

not (inefficiently) treat a low-severity patient, whereas the PCP can be simply paid back her

costs. The health economic literature on referrals has focused mostly on incentives for the PCP

and assumed the specialist to behave independently of economic incentives (see for example

Allard, Jelovac, et al., 2011 and Garcia-Mariñoso and Jelovac, 2003). This result highlights that

agency problems can also exist on the specialist side when it comes to the optimal allocation

of treatments.
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Figure 3.5: Second-best optimal contract for the PCP that implements (P1 S S)T given
(γP2

S , γS
S ) = (dS, dS + cS) and βPκL > 0. Dashed lines indicate incentive- and

participation constraints.

Finally, we derive an optimal contract that implements (P1 S S)T . This treatment path can

be implemented by fulfilling System of Inequations (3.10).

IC1
P : γP1

P − cP ≥ βPκL + γSP

IC2
P : γP1

P − cP ≤ βP (p
0
HκH + p0LκL) + γSP

PCP : (1− p)q(γP1
P − cP ) + [(1− p)(1− q) + p]γSP ≥ 0

IC1
S : βSκH + γSS − cS ≥ γP2

S

IC2
S : βSκL + γSS − cS ≥ γP2

S

PCS : γSS − cS − dS ≥ 0

NNP : γTj ≥ 0

(3.10)

The PCP needs to treat low-type patients, rather than referring them for specialist treatment

(IC1
P ) and needs to refer patients of unknown type for specialist treatment, rather than treating

them herself (IC2
P ). The specialist needs to treat all patient types who get referred to her.

This is represented by IC1
S and IC2

S . Furthermore, participation constraints and non-negative

payment constraints need to be fulfilled for both physicians.

If κL < 0, (P1 S S)T is not first-best optimal (see Figure 3.3). Furthermore, (P1 P1 P1)
T and

(P1 P2 S)T can be implemented without rent. Therefore, we assume κL ≥ 0 in Theorem 3

(proof is in Appendix 3.A.3).
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Theorem 3. Let κL ≥ 0. The contract

γP1
P

∗
= cP + βPκL

γP2
P

∗
= 0

γSP
∗
= 0

γP2
S

∗
= dS

γSS
∗
= dS + cS

(3.11)

is the unique rent-minimizing contract (except for variations in γP2
P and γP2

S ) with rents of

(1− p)qβPκL for the PCP.

Theorem 3 shows that the specialist can be incentivized to provide treatment to all patients

by a cost-based FFS contract, whenever κL ≥ 0. Given her altruistic orientation, she will

always treat each patient. By contrast, a markup to the PCP for treating the patient without

referral is necessary in order to implement (P1 S S)T because the altruistic PCP needs to be

prevented from over-referring the known low-types to the specialist. This markup leads to an

information rent for the PCP.

Figure 3.5 shows the optimal contract. To fulfill the incentive constraints, γSP and γP1
P must

be between the incentive constraints. Then the PCP prefers to treat low-types (IC1
P fulfilled)

and to refer patients of unknown type (IC2
P fulfilled). The rent-minimizing contract sets

γSP = γP2
P = 0 and γP1

P to the minimum level that still meets incentive constraint IC1
P .

The rent payment to the PCP rises in her degree of altruism. If the PCP is not altruistic at all,

no incentive problem exists and the first-best can be implemented by a cost-based FFS contract.

According to the previous literature on physician payment a highly altruistic physician should

share a large portion of her incurred costs in order to not overtreat the patient (see Ellis and

T. G. McGuire, 1986; Chalkley and Malcomson, 1998). By contrast, in our setting a PCP

should receive a markup on her immediate treatment costs, in order to not over-refer the

patient to more expensive specialist care.

As a rent payment is necessary to implement the treatment path (P1 S S)T , it is not clear that

implementing this path is optimal in the second-best. Theorem 4 shows that for highly altru-
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istic PCPs switching to other treatment paths is superior (details and the proof in Appendix

3.A.4).

Theorem 4. If 0 < βP ≤ β∗
P := (1−q)dS

cS−cP+qdS
, the second-best region in which implementing

(P1 S S)T is optimal is reduced compared to the first-best.

If βP > β∗
P , implementing (P1 S S)T is not second-best optimal.

κL

κH

κ3

κ1

κ2

P1

P2

S

P1

P1

P1



S
S
S



Figure 3.6: Second-best (solid and thick) vs. first-best (dashed) treatment path vector
depending on the specialist surplus benefits, βP ≥ β∗

P .

Figure 3.6 visualizes the case in which implementing (P1 S S)T is not second-best optimal due

to an excessive information rent. If both κL and κH are sufficiently large, letting the specialist

treat all cases is second-best and if both are sufficiently small, letting the PCP treat all cases

is second-best. Finally, if κL is sufficiently small and κH is sufficiently large, having the PCP

treat the known low-types immediately and the unknown low-types later and the specialist

treat the high-types is second-best.

3.6 Extensions

In this section, we explore the impact of a change in the model’s assumptions. In Subsection

3.6.1 we drop the assumption that the payer has perfect knowledge about the size of the
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surplus benefits κk. In Subsection 3.6.2, we study the effect of referral costs for the patient.

In Subsection 3.6.3, we explore an alternative assumption on the information structure of the

game.

3.6.1 Uncertain Surplus Benefits

The second-best optimal payment contracts derived in Section 3.5 require the payer to know

the exact size of the surplus benefits that accrue to patients from specialist treatment. More

realistically, the payer’s knowledge is uncertain because patients of the same type may still differ

in the degree they benefit from specialist treatment. For example, physicians are more aware

of the patient’s medical history than the payer. Therefore, the payer may only have access to

some probabilistic distribution function over the space (κH , κL). This is what we assume in

this section and call the third-best problem. Diagnostic signals remain private information of

the physicians.

We restrict our analysis to the contract designs from Section 3.5:

(I) The cost-based FFS contract:

(γP1
P , γP2

P , γSP , γ
P2
S , γSS ) = (cP , cP , 0, dS , dS + cS)

(II) FFS + markup for the specialist’s back-referral:

γP2
S = dS + p0HmS , γ

S
S = dS + cS − p0LmS , mS > 0

(III) FFS + markup for immediate PCP treatment:

γP1
P = cP +mP , γ

P1
P = γP2

P = 0 mP > 0

Contract (I) can be viewed as a benchmark contract against which to compare the other

contracts. Lemma 1 in Appendix 3.A.5 describes the physicians’ behavior under FFS payment

plus markups. We assume βP , βS > 0 in order to have an interesting problem. Otherwise,

the cost-based FFS contract implements the first-best without rents for either provider. Figure

3.7 compares the resulting treatment path vectors for the cost-based FFS contract with the

first-best. Shaded areas indicate that the contract’s treatment path vector is first-best, OTj
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Figure 3.7: Contract (I) – Cost-based FFS (solid and thick) vs first-best (dashed) treat-
ment path vectors.

indicates too much specialist treatment for j ∈ {1, 2, 3} of the cases. Clearly, cost-based FFS

contracts incentivize over-treatment for many distributions over the (κH , κL) space. Markups

κL

κH

κ3

κ1

κ2

P1

P2

S

(
P1

P1

P1

)

S

S

S



mS

βS

mS

βS

OT1

OT3
OT2

OT1

Figure 3.8: Contract (II) – Treatment path vectors resulting from a markup mS for spe-
cialist referral (solid and thick) vs first-best (dashed) treatment path vectors.
Shaded regions indicate congruence between first-best and treatment paths
resulting from markup.

for specialist referrals can help to alleviate over-treatment. Figure 3.8 shows the impact of

the introduction of a small markup for specialist back-referral. As explained in Section 3.5,

markups for the specialist’s referral work both directly and indirectly. The direct effect is that

the specialist is more willing to refer back low-type patients to the PCP. Consequently, the
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region in which (P1 P2 S)T is played expands to κL ≤ mS
βS

. The indirect effect is that the PCP

predicts that the specialist will not treat some low-type patients, which incentivizes the PCP

to treat these patients immediately. Thus, there now exists a region in which (P1 P1 P1)
T is

played for κH ≤ mS
βS

.

Comparing Figure 3.8 to Figure 3.7, it is evident that social welfare is improved over the cost-

based FFS contract by reducing over-referral. Theorem 5 shows that this holds true for any

sufficiently small markup (proof in Appendix 3.A.6).

Theorem 5. If mS
βS

≤ qdS + cS − cP , contract design (II) is weakly superior to contract (I)

with regards to expected patient welfare for any distribution over (κH , κL).

The intuition behind Theorem 5 is as follows. The first patients who get referred back under

contract (II) and who would not have been referred back under contract (I) are those patients

who cannot be identified by the PCP and only minimally benefit from specialist treatment.

Hence, even for small markups cost savings can be made without significantly reducing patient

benefit. Since specialist markups do not incur a rent, patient welfare is weakly larger than

under the cost-based FFS contract.

Alternatively, the PCP can be incentivized directly to not refer the patient by paying her a

markup for treating the patient immediately (contract design (III)). Figure 3.9 (UT denotes

under-treatment, R denotes rents) depicts the resulting treatment path vectors for a markup

mP . The result differs from contract (I) in two aspects. First, for small κL and κH , the PCP

treats all patient types, second, treatment path (P1 S S)T is played for κL ≤ mP
βP

and large

κH . Intuitively, if she is paid a markup for treatment, the PCP treats patients that would only

benefit little from specialist treatment. Thus, comparing Figure 3.7 to Figure 3.9 shows that

adding markups for the PCP to contract (I) also reduces over-referral.

However, there are two drawbacks with this approach. Since contract design (III) relies only on

direct rather than indirect incentivization, rent payments accrue for the PCP when she treats

a patient type, whereas in design (II) no rent accrues to the specialist. Hence, for regions

(κH , κL), in which the same path is implemented for both contracts, design (II) is superior
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Figure 3.9: Contract (III) – Markup for PCP treatment without referral (solid and thick)
vs first-best (dashed) treatment path vectors.

to design (III). Another drawback is that (P1 P2 S)T can not be implemented. Thus, for the

region in which this treatment path is optimal markups for the specialist are superior.

Similarly to small markups mS , small markups mP improve the allocation of treatments.

However, small markups for the PCP do not always improve welfare if κL ≤ 0 due to rents.

For κL > 0, expected welfare is weakly improved. This is demonstrated in Theorem 6 (proof

in Appendix 3.A.7).

Theorem 6. a) If mP
βP

≤ dS +p0H(cS − cP ), the allocation of treatments (ignoring rents) under

contract design (III) is weakly superior to contract (I) for any distribution over (κH , κL).

b) If mP
βP

≤ κ2

1+βP
, contract design (III) is weakly superior to contract (I) with regards to expected

patient welfare for any distribution over (κH , κL) with κL > 0.

Concluding, whereas small markups for the specialist always have non-negative welfare effects,

markups for the PCP may have negative effects because they lead to information rents for

the PCP. Small PCP markups have non-negative welfare effects if the benefit of specialist

treatment for L-types is positive.
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Figure 3.10: First-best treatment path vector with (regular lines) and without (dashed
lines) waiting costs depending on the specialist surplus benefit. Dotted line
indicates κH = κL. κ1

w := cS − cP − w, κ2
w := dS + cS − cP + w, and

κ3
w := dS/p

0
H + (

2p0L
p0H

+ 1)w + cS − cP .

3.6.2 Cost of Referrals

So far, we assumed that referring a patient from one physician to the other is costless. More

realistically, however, referrals are associated with additional waiting costs for the patients.

We model this by subtracting a waiting cost w > 0 from the patients utility if he is treated

by the specialist and 2w if he is treated after a back-referral to the PCP. The result of this

modification can be seen in Figure 3.10. Here, the first-best treatment path vectors are depicted

with and without waiting costs. The definition of κL and κH is the same as before (difference

in treatment benefits without waiting costs). For
(
P1 P1 P1

)T
there are no waiting costs

of the patient. Therefore the area in which this treatment path is optimal grows vis-à-vis all

other paths. For
(
P1 S S

)T
there are less waiting costs compared to both

(
S S S

)T

and
(
P1 P2 S

)T
. Therefore, the area in which

(
P1 S S

)T
is optimal grows as long as

κL and κH are large enough. For small κL and κH the boundary between
(
P1 P1 P1

)T
and(

P1 S S
)T

shifts to the right due to the higher waiting costs for unknown patient types.

Implementation in the second-best is the same for the blind treatments. To implement(
P1 P2 S

)T
with waiting time costs, the following incentive constraints change compared
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to (3.9):

IC1,w
P : γP1

P ≥ γP2
P − 2βPw

IC2,w
P : γP1

P − cP ≤ p0L(γ
P2
P − 2βPw − cP ) + p0H [γSP + βP (κH − w)]

IC1,w
S : γSS + βSκH − cS ≥ γP2

S − βSw

IC2,w
S : γSS + βSκL − cS ≤ γP2

S − βSw

(3.12)

Incentivizing the PCP to keep low-type patients is easier due to the waiting costs, whereas

referring patients of unknown type is more costly to the altruistic PCP. However, a cost-based

FFS contract still implements the appropriate referral behavior from the PCP since the first-

best region in which
(
P1 P2 S

)T
is implemented shrinks. Similarly, it is easier to incentivize

the specialist to treat high-type patients and it is more costly for specialists to refer back low-

type patients. Thus, the contract from Theorem 2 has to be amended to pay larger markups

to the specialist for referring the patient back and correspondingly larger cost sharing when

treating the patient. This does not lead to a rent-payment for the specialist in the region in

which
(
P1 P2 S

)T
is first-best. For details see Theorem 7 (proof in Appendix 3.A.8).

Theorem 7. Let
(
P1 P2 S

)T
be first-best optimal. To implement

(
P1 P2 S

)T
the con-

tract from Theorem 2 has to be amended by paying larger markups to the specialist for referring

the patient back and correspondingly larger cost sharing when treating the patient:

γP1
P

∗
= cP

γP2
P

∗
= cP

γSP
∗
= 0

γSS
∗
= dS + cS + p0Lmin(−βS(κL + w), 0)

γP2
S

∗
= dS + p0H max(βS(κL + w), 0)

(3.13)

To implement
(
P1 S S

)T
with waiting time costs, the following incentive constraints change

43



Chapter 3. Diagnostics and Treatment

compared to (3.10):

IC1,w
P : γP1

P − cP ≥ γSP + βP (κL − w)

IC2,w
P : γP1

P − cP ≤ γSP + βP [p
0
L(κL − w) + p0H(κH − w)]

IC1,w
S : γSS + βSκH − cS ≥ γP2

S − βSw

IC2,w
S : γSS + βSκL − cS ≥ γP2

S − βSw

(3.14)

Fulfilling IC1,w
P exactly, fulfills IC2,w

P with the smallest possible γP1
P . Since patients suffer

from waiting costs, it is now easier to incentivize the PCP to not refer low-type patients for

the same surplus benefits. The incentive constraints for the specialist can still be fulfilled by

a cost-based FFS payment since additional waiting costs make it even less beneficial for the

altruistic specialist to refer patients. Thus, the contracts from Theorem 3 have to be amended

to pay smaller markups to the PCP for treating the patient immediately. If waiting costs

exceed the surplus benefit of treating low-type patients, no rents need to be paid at all. In this

case,
(
P1 S S

)T
can be implemented with a cost-based FFS contract since the PCP is not

motivated to over-refer L-type patients. Furthermore, if rents are paid, they are smaller for a

given κL. For details see Theorem 8 (proof in Appendix 3.A.9).

Theorem 8. Let
(
P1 S S

)T
be first-best optimal. To implement

(
P1 S S

)T
with waiting

time costs the contracts from Theorem 3 have to be amended by paying smaller markups to the

PCP for treating the patient immediately. If w ≥ κL, the cost-based FFS contract implements

(P1 S S)T without rent payments.

If w < κL, the contract

γP1
P

∗
= cP + βP (κL − w)

γP2
P

∗
= 0

γSP
∗
= 0

γSS
∗
= dS

γP2
S

∗
= dS + cS

(3.15)

is the unique rent-minimizing contract (except for variations in γP2
P and γP2

S ) with rents of

(1− p)qβP (κL − w) for the PCP.
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Thus, in the second-best implementation, only the second-best region in which
(
P1 S S

)T

is implemented shrinks compared to the first-best region. Nevertheless, the second-best region

in which the treatment path is optimal is larger than in the case without waiting costs.

Concluding, the set of optimal contracts when waiting costs are a factor is the same as the

set of optimal contracts without waiting costs (cost-based FFS, markups for immediate PCP

treatment, and markups for specialist back-referral). However, as long as κH is large enough,

it is more likely to be optimal both in the first-best and second-best to only have the PCP

discriminate based on her diagnostic signal. Furthermore, if waiting costs w are larger than

κL, no markup is required for the PCP to implement this treatment path.

3.6.3 PCP Diagnosis Identifies High-Severity Patients

So far, we assumed that the PCP can identify a fraction of low-severity patients perfectly. Now

we consider an alternative information structure in which the PCP can identify a fraction q̂ of

the high-severity patients but no longer identifies low-severity patients. This case is relevant

if the symptoms of a severe case provide strong evidence to the underlying disease of the

patient whereas a patient without these symptoms may still be severely ill. Three cases ẑ are

possible:

1. The patient is of low type and the PCP can not identify him.

2. The patient is of high type and the PCP can not identify him.

3. The patient is of high type and the PCP can identify him.

Figure 3.11 depicts the new diagnostic process. Two new treatment path vectors emerge that

can be first-best optimal, namely
(
P1 P1 S

)T
and

(
P2 S S

)T
. In the first outcome only

patients that were identified as high-types receive treatment from the specialist, whereas the

rest of the patients receive treatment by the PCP. In the second outcome all patients get

referred to the specialist and every low-type gets referred back to the PCP. Figure 3.12 depicts

the first-best under the new information structure.
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PCPNature

pre diagnosis post diagnosis

Figure 3.11: Cases z if the PCP can identify high-type patients, dashed lines indicate

that the PCP can not differentiate between these cases.

(
P1 P1 S

)T
is first-best optimal if

κ2 = cS − cP + dS ≤ κH ≤ cS − cP +
dS
p̂0H

=: κ̂3,

κ2 ≥ p̂0LκL + p̂0HκH .

(3.16)

with p̂0L := 1−p
1−q̂p , p̂

0
H := (1−q̂)p

1−q̂p .(
P2 S S

)T
is first-best optimal if

κH ≥ κ̂3,

κL ≤ cS − cP = κ1.
(3.17)

Note that
(
P2 S S

)T
is similar to

(
P1 P2 S

)T
. Both call for the specialist to refer back

low-severity patients. The implementation of
(
P2 S S

)T
is therefore essentially the same
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κL

κH

κ̂3

κ1

κ2

P2

S
S

P1

P1

P1

 P1

P1

S



S
S
S



Figure 3.12: First-best (dashed lines) treatment path vector given the alternative infor-
mation structure. Dotted line indicates κH = κL. κ̂

3 := cS − cP + dS
p̂0H

.

for κL > 0. The constraints that need to be fulfilled are:

IC1
P : p̂0L(γ

P2
P − cP ) + p̂0H(γSP + βPκH) ≥ γP1

P − cP

IC2
P : γSP + βPκH ≥ γP1

P − cP

PCP : (1− p)(γP2
P − cP ) + pγSP ≥ 0

IC1
S : γP2

S ≥ βSκL + γSS − cS

IC2
S : γP2

S ≤ βSκH + γSS − cS

PCS : (1− p)(γP2
S − dS) + p(γSS − cS − dS) ≥ 0

NNP : γTj ≥ 0

(3.18)

Theorem 9 (proof in Appendix 3.A.10) shows how
(
P2 S S

)T
can be implemented by the

payer.

Theorem 9. Let κL ≤ κ2. For κL > 0 the contract

γP1
P

∗
= cP

γP2
P

∗
= cP

γSP
∗
= 0

γP2
S

∗
= dS + pβSκL

γSS
∗
= dS + cS − (1− p)βSκL

(3.19)
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implements
(
P2 S S

)T
without rent payments for the physicians. For κL ≤ 0, the cost-based

FFS contract implements the treatment path.

For κL > 0, a cost-based FFS contract for the PCP and, for the specialist, a markup for

the back-referral to the PCP plus cost sharing for the specialist’s treatment implements the

outcome without rent for the physicians. For κL ≤ 0, a cost-based FFS contract for both

physicians implements
(
P2 S S

)T
because the specialist will refer back low-severity patients

for altruistic reasons.

In Subsection 3.6.1 we have shown that, if specialist surplus benefits are uncertain, small

markups for the specialist are welfare enhancing under the original information structure. In

Theorem 13 in Appendix 3.A.12 we show that this is also true under the alternative information

structure.

In order to implement
(
P1 P1 S

)T
the PCP needs to be incentivized to keep patients of

unknown type and refer high-type patients. For the specialist, there are two options:

(1) refer back any L-types she receives,

(2) treat all referred patients.

In the equilibrium path the specialist does not receive any L-types. However, her behavior out

of equilibrium is still important since it indirectly influences the PCP’s decision making. In

the first case the conditions that need to be fulfilled are

IC1
P : γP1

P − cP ≥ p̂0L(γ
P2
P − cP ) + p̂0H(γSP + βPκH)

IC2
P : γP1

P − cP ≤ γSP + βPκH

PCP : (1− pq̂)(γP1
P − cP ) + pq̂γSP ≥ 0

IC1
S : γP2

S ≥ γSS + βSκL − cS

IC2
S : γP2

S ≤ γSS + βSκH − cS

PCS : γSS − cS − dS ≥ 0

NNP : γTj ≥ 0

(3.20)
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and in the second case

IC1
P : γP1

P − cP ≥ p̂0L(γ
S
P + βPκL) + p̂0H(γSP + βPκH)

IC2
P : γP1

P − cP ≤ γSP + βPκH

PCP : (1− pq̂)(γP1
P − cP ) + pq̂γSP ≥ 0

IC1
S : γP2

S ≤ γSS + βSκL − cS

IC2
S : γP2

S ≤ γSSβSκH − cS

PCS : γSS − cS − dS ≥ 0

NNP : γTj ≥ 0.

(3.21)

It follows Theorem 10 (more details and proof in Appendix 3.A.11).

Theorem 10. Let
(
P1 P1 S

)T
be first-best optimal. The PCP can be (partially) incentivized

indirectly by having the specialist back-refer low-types and by setting γP2
P = 0. Further, a

markup for immediate PCP treatment may be necessary. This may lead to a rent for the PCP.

If κL < 0, both physicians could, alternatively, be paid a markup on treatment.

If κL ≥ 0, there is no rent payment necessary for the incentivization of the specialist for either

option. For option (1), a markup for the patient’s back-referral plus cost sharing for specialist

treatment is necessary. Option (2) is implemented by the cost-based FFS contract. The first

option is to be preferred since the PCP is indirectly incentivized through the specialist. If the

PCP expects that the specialist will refer back L-types, she will be less willing to refer patients

of unknown type and, thus, IC1
P is easier to fulfill.

The PCP’s preference to over-refer patients can be curbed in two ways. First, by setting the

payment for returning patients γP2
P to zero. Second, by paying for the immediate treatment

of the patient combined with cost sharing if the specialist treats the patient. If the PCP is

sufficiently altruistic, a markup on treatment costs for the immediate treatment is necessary.

This markup can lead to a rent for the PCP if she is very altruistic.

For κL < 0, incentivizing the specialist to treat all referred patients may further save on rents.

This would be damaging for low-type patients. However, exactly for this reason the PCP
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would be less willing to refer patients of unknown type. In treatment path
(
P1 P1 S

)T
the

specialist never actually treats any low-type patients; however, the threat of this treatment

off the equilibrium path can discipline the PCP. Incentivizing the specialist to treat L-types

requires a markup, and therefore possibly a rent payment, for the specialist’s treatment of

the patient. This is necessary as she prefers not treating L-types due to her altruism. If

these additional rents generate larger rent savings for the PCP, a markup for the specialist is

optimal. Thus, in contrast to our previous results, using strategic markups for both physicians

simultaneously can be optimal.

Concluding, the set of optimal contracts from the original information structure (cost-based

FFS, markups for immediate PCP treatment, and markups for specialist back-referral) appear

in the case with the alternative information structure as well. Furthermore, implementing spe-

cialist back-referral does not lead to information rents when back-referral is first-best, whereas

markups for immediate PCP treatment may. This is also consistent with the results for the

original information structure. However, under the alternative information structure specialist

incentives may differ for efficient rent extraction. Firstly, we find that using both markup types

together can be efficient. Secondly, a new contract type emerges in which the specialist is paid

a markup for her treatment in order to prevent the PCP from referring low-type patients that

would suffer a health loss from the over-provision of care.

3.7 Conclusion

In this paper, we analyzed the referral processes between a gatekeeping PCP and a specialist.

Both physicians were assumed to have the ability to diagnose and treat patients, though the

PCP can only imperfectly diagnose. We consider two information structures of the diagnosis.

In the first structure the PCP is able to identify some low-severity patients, whereas in the

alternative structure she is able to identify some high-severity patients. Agency problems arise

because diagnostic signals are private information of the physicians. The PCP should treat

those patients who she can adequately treat and refer those patients who may significantly

benefit from specialist treatment. However, since the PCP’s diagnostic ability is imperfect,
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it may be optimal for the specialist to refer back some patients who she has received from

the PCP. This is more likely to be optimal if the difference in costs between specialist and

PCP treatment is large and the diagnostic costs of the specialist are small. Conversely, if the

difference in costs between specialist and PCP treatment is small and the diagnostic costs of

the specialist are large, only the PCP should discriminate based on her diagnostic signal.

The following results are true for both information structures. If physicians are altruistic,

too many patients will receive specialist treatment under a cost-based FFS contract for both

physicians. This can be prevented by paying a markup

(a) to the PCP for treating patients without referral, or

(b) to the specialist for referring patients back plus cost sharing for treatment.

Option (a) directly rewards the PCP for treating more patients, however it does not incentivize

the specialist to refer back more patients. This markup can lead to an information rent for

the PCP. For this reason, if the PCP’s altruism is sufficiently large, it may be suboptimal to

utilize it.

Option (b) directly rewards the specialist for diagnosing and referring the patient. It also

indirectly incentivizes the PCP not to refer low-severity patients, since she can predict that

these patients will get referred back anyways. Furthermore, markups to the specialist do not

lead to an information rent for the specialist. Therefore, it can be more attractive to pay a

markup to the specialist rather than to the PCP.

If the payer additionally faces uncertainty with regard to the benefit of specialist treatment,

small markups for the specialist enhance welfare compared to the cost-based FFS contract.

Under the first information structure even small PCP markups may deteriorate welfare due to

the accruing rents.

Under the alternative information structure we derive the following additional results. Im-

plementing both markups (a) and (b) at the same time may allow for more rent-efficient

contracts. Furthermore, under a specific set of assumptions, markups for specialist treatment

can be optimal if the benefit for specialist treatment of low-severity patients is negative. This
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counterintuitive result is a consequence of the indirect incentivization of the PCP. If the PCP

expects specialist over-treatment that is detrimental to the patients health, it can incentivize

her to not refer some patients in the first place. This, in turn, reduces information rents of the

PCP.

In the health care system of some countries, e.g. Germany (Kassenärztliche Bundesvereinigung,

2018), Austria and Poland (Paris et al., 2010), PCPs are paid mostly with a capitated payment,

whereas specialists are mostly paid by FFS payments. In our setting this payment system

generally leads to an over-supply of specialist treatment. Instead, our model suggest that

PCPs should receive a markup on their treatment without referral or the specialist’s payment

should contain a capitated component.

The optimal contracts outlined above depend on the level of the physicians’ altruism which

is difficult to estimate in practice. Nevertheless, we contribute by demonstrating which types

of contracts should be used. Furthermore, some papers (see e.g. Godager and Wiesen, 2013)

attempt to estimate a distribution of altruism coefficients which may be used to estimate

second-best contracts.

We did not consider physician capacity constraints. In this case budgeted payment may be-

come necessary to implement first-best behavior as Emons (2013) shows. Our model assumed

symmetric information between the physicians with regard to their altruism. Furthermore, we

did not examine side contracting or repeated interactions between the physicians. Further re-

search could examine to what extent these limitations affect the ability of the payment system

to improve the allocation of treatments.
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Appendices

3.A Proof of Theorems and Lemmas

3.A.1

Proof.

Definition 1. If a treatment vector T⃗ 1 yields a higher expected patient welfare than another

vector T⃗ 2, i.e. EW (T⃗ 1) > (≥)EW (T⃗ 2), this is denoted by

T⃗ 1 ≻ (⪰)T⃗ 2. (3.22)

To determine the optimal vector of treatment paths, it can first be noted that it can never

be optimal to refer a patient in case 1 to the specialist and then refer him back, because it

only incurs costs dS without adding any benefit. Likewise, it can not be optimal that the

specialist refers back patients in both cases 2 and 3 simultaneously. Furthermore, it can not

be optimal for the specialist to treat patients of the same type differently. Consequently, the

set of candidates for the first-best optimum is

P1

P1

P1

 ,


P1

S

P2

 ,


P1

P2

S

 ,


P1

S

S

 ,


S

P1

P1

 ,


S

S

P2

 ,


S

S

S


 . (3.23)
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If (T1 S P2)
T ⪰ (T1 P1 P1)

T then (T1 S S)T ≻ (T1 S P2)
T for any treatment path T1 since

(T1 S P2)
T ⪰ (T1 P1 P1)

T ⇐⇒ κL ≥ cS − cP + dS [1 +
p

(1− p)(1− q)
],

and κH > κL =⇒ (T1 S S)T ≻ (T1 S P2)
T .

(3.24)

Therefore, any treatment path (T1 S P2)
T is dominated.

Furthermore, if (S P1 P1)
T ⪰ (P1 P1 P1)

T , then (S S S)T ≻ (S P1 P1)
T since

κH > κL ≥ dS + cS − cP . (3.25)

The remaining, non-dominated treatment path vectors are

(P1 P1 P1)
T , (P1 P2 S)T , (P1 S S)T and (S S S)T . The first-best treatment path vector is

determined by calculating the constraints on the model constants under which each candidate

treatment path vector is optimal, i.e. delivers an equal or greater expected patient welfare

than all the other candidates:

T⃗FB =



(P1 P1 P1)
T if (P1 P1 P1)

T ⪰ (P1 S S)T ,

(P1 P1 P1)
T ⪰ (P1 P2 S)T ;

(P1 P2 S)T if (P1 P2 S)T ⪰ (P1 P1 P1)
T ,

(P1 P2 S)T ⪰ (P1 S S)T ;

(P1 S S)T if (P1 S S)T ⪰ (P1 P2 S)T

(P1 S S)T ⪰ (S S S)T ,

(P1 S S)T ⪰ (P1 P1 P1)
T ;

(S S S)T if (S S S)T ⪰ (P1 S S)T .

(3.26)

It is simple to verify that the missing inequations are already implied by (3.26):

(P1 P1 P1)
T ⪰ (P1 S S)T =⇒ κL < dS + cS − cP

=⇒ (P1 S S)T ≻ (S S S)T ,

(P1 P2 S)T ⪰ (P1 S S)T ⇐⇒ κL < cS − cP

=⇒ (P1 S S)T ≻ (S S S)T ,

(S S S)T ⪰ (P1 S S)T ⇐⇒ κL ≥ dS + cS − cP

=⇒ (S S S)T ⪰ (P1 P2 S)T , (P1 P1 P1)
T .

(3.27)
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3.A.2

Proof. The PCP’s incentive constrained are fulfilled and no rent payment occurs.

Specialist:

The specialist’s participation constraint is fulfilled:

EΠS = p(γSS
∗ − cS − dS) + (1− p)(1− q)(γP2

S

∗ − dS)

= pp0Lmin(−βSκL, 0)

− (1− p)(1− q)p0H min(−βSκL, 0)

= 0.

(3.28)

Her incentive constraints are fulfilled as well, since γSS
∗ − γP2

S

∗
= cS +min(−βSκL, 0). IC2

S is

obviously fulfilled, IC1
S is fulfilled since [κH − κL]βS ≥ 0 and βSκH ≥ 0. The non-negative

payment constraints are fulfilled as well since p0LβSκL < κL ≤ dS + cS − cP < dS + cS and

therefore γSS
∗
> 0.

3.A.3

Proof. Stage 2 (Specialist): The ICs are fulfilled by a cost-based FFS contract.

Stage 1 (PCP): Let 0 ≥ (1−p)qβPκL: γ
P2
P exactly fulfills their non-negative payment constraint.

Fulfilling IC1
P with equality already fulfills IC2

P , hence γP1
P = cP + γSP + βPκL. Inserting this

into PCP yields (1 − p)qβPκL + γSP = 0. This implies γSP = 0 − (1 − p)qβPκL ≥ 0 as per

assumption. Inserting this into IC1
P yields γP1

P = cP + [(1− p)(1− q) + p]βPκL > 0.

Let 0 < (1− p)qβPκL: γ
P2
P and γSP exactly fulfill their non-negative payment constraints. γP1

P

exactly fulfills IC1
P , such that choosing a smaller γP1

P is not possible. Therefore the contract

minimizes the rent paid to the PCP. IC2
P and NNPP1

P are fulfilled as well.
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3.A.4

Theorem 11. If βP ≤ β∗
P := (1−q)dS

cS−cP+qdS
, the second-best vector of treatment paths T⃗SB is

given by

T⃗SB =



(P1 P1 P1)
T if (1− p)[(1− q)− qβP ]κL + pκH ≤

[(1− p)(1− q) + p](dS + cS − cP ),

κH ≤ cS − cP + dS/p
0
H ,

(1− p)κL + pκH ≤ dS + cS − cP ;

(P1 P2 S)T if κH ≥ cS − cP + dS/p
0
H ,

κL ≤ (1−q)(cS−cP )/(1−p)
1−q−βP q ;

(P1 S S)T if κL ≥ (1−q)(cS−cP )/(1−p)
1−q−βP q ,

κL ≤ (dS + cS − cP )/(1 + βP ),

(1− p)[(1− q)− qβP ]κL + pκH ≥

[(1− p)(1− q) + p](dS + cS − cP );

(S S S)T if κL ≥ (dS + cS − cP )/(1 + βP ),

(1− p)κL + pκH ≥ dS + cS − cP ,

(3.29)

else if βP > β∗
P , T⃗

SB is given by

T⃗SB =



(P1 P1 P1)
T if (1− p)κL + pκH ≤ dS + cS − cP ,

κH ≤ cS − cP + dS/p
0
H ;

(P1 P2 S)T if κH ≥ cS − cP + dS/p
0
H ,

κL ≤ (qdS + cS − cP );

(S S S)T if κL ≥ (qdS + cS − cP ),

(1− p)κL + pκH ≥ dS + cS − cP .

(3.30)
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Proof. Every feasible treatment outcome except (P1 P1 P1)
T , (P1 P2 S)T , (P1 S S)T and

(S S S)T is dominated in the second-best.

Since the indiscriminate treatment path vectors (P1 P1 P1)
T and (S S S)T can be implemented

without rent, the proof for this from Theorem 1 still holds.

Calculate the boundaries between the optimal regions:

(P1 S S)T ⪰ (S S S)T ⇐⇒ κL ≤ (dS + cS − cP )/(1 + βP )

(P1 S S)T ⪰ (P1 P2 S)T ⇐⇒

q(−βPκL) + (1− q)[κL − cS + cP ] ≥ 0 ⇐⇒

κL ≥ (1− q)(cS − cP )/(1− p)

1− q − βP q

(3.31)

There exists a κL such that (P1 S S)T ⪰ (S S S)T and (P1 S S)T ⪰ (P1 P2 S)T if and only if

(dS + cS − cP )/(1 + βP ) ≥
(1− q)(cS − cP )/(1− p)

1− q − βP q
⇐⇒

(1 + βP )[(1− q)(cS − cP )/(1− p)] ≤

(dS + cS − cP )[1− q − βP q] ⇐⇒

βP [cS − cP + qdS ] ≤ (1− q)dS ⇐⇒

βP ≤ (1− q)dS
cS − cP + qdS

(3.32)

If βP > β∗
P , (P1 S S)T is never second-best optimal. The rest of the Theorem follows from

(P1 P1 P1)
T ⪰ (S S S)T ⇐⇒ (1− p)(dS + cS − cP − κL)

+ p(dS + cS − cP − κH) ≥ 0 ⇐⇒

(1− p)κL + pκH ≤ dS + cS − cP ,

(P1 P1 P1)
T ⪰ (P1 P2 S)T ⇐⇒ p(κH − dS − cS + cP )

+ (1− p)(1− q)(−dS + cP ) ≤ 0 ⇐⇒

κH ≤ cS − cP + dS/p
0
H ,

(P1 P2 S)T ⪰ (S S S)T ⇐⇒ q(−κL + cS − cP + dS)

+ (1− q)[−κL + cS − cP ] ≤ 0 ⇐⇒

κL ≤ qdS + cS − cP .

(3.33)
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3.A.5

Lemma 1. The patients receive the following treatment paths, whenever the condition on the

right side is fulfilled.

(P1 P1 P1)
T , if


mS ≥ βSκH or

βSκH ≥ mS ≥ βSκLand mP ≥ p0HβPκH or

βSκL ≥ mS , and mP ≥ p0HβPκH + p0LβPκL.

(P1 P2 S)T , if βSκH ≥ mS ≥ βSκL and mP ≤ p0HβPκH

(P1 S S)T , if βSκL ≥ mS and βPκL ≤ mP ≤ p0HβPκH + p0LβPκL

(S S S)T , if βSκL ≥ mS and mP ≤ βPκL.

(3.34)

Proof. The PCP always weakly prefers to treat a patient without referral rather than after a

back-referral, since she is paid at least as much in the first case as she is in the second case.

Therefore, conditions regarding this have been omitted.

The three conditions that implement (P1 P1 P1)
T imply that the PCP prefers to not refer any

patient type when the specialist 1.) refers back all patients, 2.) refers back low-type patients

and treats high-type patients, and 3.) treats all patients.

The condition that implements (P1 P2 S)T implies that the PCP prefers not referring low-type

patients and referring patients of unknown type when the specialist treats high-type patients

and refers back low-type patients.

The condition that implements (P1 S S)T implies that the PCP prefers not referring low-type

patients and referring patients of unknown type when the specialist treats both patient types.

The condition that implements (S S S)T implies that the PCP prefers referring all patient

types when the specialist treats both patient types.

58



3.A. Proof of Theorems and Lemmas

3.A.6

Proof. According to Lemma 1, paying a markup mS to the specialist has two effects on the

allocation of treatments. One, the boundary between (P1 P2 S)T and (S S S)T gets shifted

upwards, two, a region emerges, in which (P1 P1 P1)
T gets played instead of (P1 P2 S)T and

(S S S)T (see Figure 3.8). We will show that this improves the allocation of treatments if

mS
βS

≤ qdS + cS − cP , where
mS
βS

= κL and mS
βS

= κH define the behavioral boundaries between

’(P1 P2 S)T and (S S S)T ’ and ’(P1 P1 P1)
T and (P1 P2 S)T ’ respectively.

Let T⃗mS be the played treatment path vector given mS .

EWFB[(P1 P2 S)T ] ≥ EWFB[(S S S)T ] ⇐⇒ κL ≤ qdS + cS − cP , (3.35)

hence expected welfare is improved for T⃗mS = (P1 P2 S)T .

Turning to T⃗mS = (P1 P1 P1)
T :

EWFB[(P1 P1 P1)
T ] ≥ EWFB[(S S S)T ] ⇐⇒ (1− p)κL + pκH ≤ κ2 and

EWFB[(P1 P1 P1)
T ] ≥ EWFB[(P1 P2 S)T ] ⇐⇒ κL ≤ κ3.

(3.36)

Since mS
βS

≤ qdS + cS − cP ≤ κ2 ≤ κ3, expected welfare is improved for T⃗mS = (P1 P1 P1)
T

as well. Furthermore, note that γSS ≥ 0, thus the non-negative payment constraints are not

violated.

3.A.7

Proof. We proceed in the same manner as in the proof of Theorem 5. Paying a markup of mP

to the PCP has three effects on the allocation of treatments. One, for κH ≤ 0 a region emerges

in which (P1 P1 P1)
T gets played instead of (P1 P2 S)T ; two, for κH ≥ 0 a region emerges in
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which (P1 P1 P1)
T is played instead of (S S S)T ; three, a region emerges in which (P1 S S)T

is played instead of (S S S)T (see Figure 3.9).

mP

βP
= p0HκH ,

mP

βP
= p0HκH + p0LκL, and

mP

βP
= κL

(3.37)

define the boundaries between ’(P1 P1 P1)
T and (P1 P2 S)T ’, ’(P1 P1 P1)

T and (P1 S S)T ’ and

’(P1 S S)T and (S S S)T ’ respectively.

a) First we deal with κL ≤ 0: The allocation of treatments is improved

⇐⇒ EWFB[(P1 P1 P1)
T ] ≥ EWFB[(P1 P2 S)T ] ⇐⇒ κH ≤ κ3. (3.38)

Now mP can be raised until mP

p0HβP
≤ κ3 ⇐⇒ mP

βP
≤ dS + p0H(cS − cP ).

Now we deal with κL > 0: For mP
βP

= κ2 > dS + p0H(cS − cP ) the boundary between (P1 S S)T

and (S S S)T is exactly the first-best boundary. Hence, for mP
βP

= dS + p0H(cS − cP ), the

allocation of treatments must be improved.

The first-best boundary between (P1 P1 P1)
T and (S S S)T is given by

EWFB[(P1 P1 P1)
T ] = EWFB[(S S S)T ] ⇐⇒ κL = (κ2 − pκH)/(1− p). (3.39)

It is less steep in κH than the boundary between (P1 P1 P1)
T and (P1 S S)T for contract

design (III) (see Figure 3.9), which is given by κL = mP

p0LβP
− pκH

(1−p)(1−q) . For κL = κH = κ2 it

holds that EWFB[(P1 P1 P1)
T ] = EWFB[(S S S)T ]. Hence, the allocation of treatments for

T⃗mP = (P1 P1 P1)
T is improved for all (κL, κH) given mP

βP
≤ dS + p0H(cS − cP ) < κ2.

b) For κL > 0, the only time rents need to be paid is when the behavior of the physicians

changes. Hence, it is sufficient to prove that the improved allocation of treatments has more

positive welfare effects than the negative effect of the rent payments.

Considering rent payments:

EW [(P1 P1 P1)
T ] ≥ EW [(S S S)T ] ⇐⇒ κL ≤ (κ2 − pκH −mP )/(1− p). (3.40)
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We insert κH = κL: κL ≤ κ2 −mP . Now, mP can be raised until mP
βP

≤ κ2 −mP ⇐⇒ mP
βP

≤
κ2

1+βP
.

Turning to the boundary between (P1 S S)T and (S S S)T :

EW [(P1 S S)T ] ≥ EW [(S S S)T ] ⇐⇒ κL ≤ κ2 −mP . (3.41)

Thus, expected patient welfare improves for the rest of the patients as well.

3.A.8

Proof. PCP:

γP1
P − γP2

P + 2βPw
!
≥ 0

p0L(γ
P2
P − βPw) + p0H(γSP + βPκH + cP )− γP1

P − βPw
!
≥ 0

(3.42)

Inserting the cost-based FFS contract yields

βPw
!
≥ 0

βP [p
0
HκH − (1 + p0l )w]

!
≥ 0.

(3.43)

This is fulfilled if
(
P1 P2 S

)T
is first-best optimal since κH ≥ κ3w.

Specialist:

βS(κH + w)− cS + γSS − γP2
S

!
≥ 0

βS(κL + w)− cS + γSS − γP2
S

!
≤ 0

(3.44)

Inserting the proposed contract yields (for κL + w > 0)

γSS − γP2
S = cS − βS(κL + w). (3.45)

For κL + w ≤ 0:

γSS − γP2
S = cS . (3.46)

Profits are 0: EΠS = (1− p)(1− q)(γP2
S − dS) + p(γSS − cS − dS) = 0. Furthermore, γSS > 0 if(

P1 P2 S
)T

is first-best since κL ≤ cS − cP − w.
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3.A.9

Proof. PCP:

(I) :γP1
P − γSP − cP − βP (κL − w)

!
≥ 0

(II) :γP1
P − γSP − cP − βP [p

0
L(κL − w) + p0H(κH − w)]

!
≤ 0

(3.47)

Fulfilling (I) exactly (minimizing γP1
P ), fulfills (II) as well. Thus, for w < κL, the proposed

contract fulfills all PCP conditions with information rent (1− p)qβP (κL − w).

For w ≥ κL, (I) is fulfilled with the cost-based FFS contract. The first-best boundary between

(P1 P1 P1)
T and (P1 S S)T is given by

dS + cS − cP = p0L(κL − w) + p0H(κH − w). (3.48)

Thus, (II) holds as well whenever (P1 S S)T is first-best.

Specialist:

γSS − γP2
S + βS(κL + w)− cS

!
≥ 0 (3.49)

needs to hold. This is fulfilled by the cost-based FFS contract since κL + w > 0 whenever(
P1 S S

)T
is first-best (and second-best) optimal.

3.A.10

Proof. The ICs that need to be fulfilled for S are

(I) :γP2
S − γSS ≥ βSκL − cS

(II) :γP2
S − γSS ≤ βSκH − cS

(3.50)

Fulfilling (I) exactly, implies (II). Setting the rent equal to 0 delivers the result for the

specialist for κL ≥ 0. This contract fulfills the non-negativity constraints since κL ≤ κ2 =

dS + cS − cP . For κL ≤ 0 the specialist will only treat high-type patients under cost-based

FFS. The PCP always refers patients under cost-based FFS since the specialist will only treat

high-types.
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3.A.11

Theorem 12. Consider the alternative information structure. Let
(
P1 P1 S

)T
be first-best

optimal. The treatment path can be implemented in the following way:

1. For κL ≥ 0:

If 0 ≥ (1− pq̂)[p̂0HβPκH − p̂0LcP ], the contract

γP1
P

∗
= p̂0H(βPκH + γSP

∗
+ cP )

γP2
P

∗
= 0

γSP
∗
=

0− (1− pq̂)[p̂0HβPκH − p̂0LcP ]

p

γP2
S

∗
= dS + pβSκL

γSS
∗
= dS + cS − (1− p)βSκL

(3.51)

implements
(
P1 P1 S

)T
without rent payments for the physicians.

If 0 ≤ (1− pq̂)[p̂0HβPκH − p̂0LcP ], the unique rent-minimizing contract is

γP1
P

∗
= p̂0H(βPκH + cP )

γP2
P

∗
= 0

γSP
∗
= 0

γP2
S

∗
= dS + pβSκL

γSS
∗
= dS + cS − (1− p)βSκL

(3.52)

2. For κL < 0: If

max(−pq̂(βSκL + dS), 0) + max((1− pq̂)βP [p̂
0
LκL + p̂0HκH ], 0) ≥

max((1− pq̂)[βP p̂
0
HκH − p̂0LcP ], 0),

(3.53)

the contracts from 1. with cost-based FFS payment for the specialist implement
(
P1 P1 S

)T

with minimal rents.
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Otherwise, both physicians needs to receive a markup on immediate treatment. Then the PCP

earns a rent if (1− pq̂)βP [p̂
0
LκL + p̂0HκH ] ≥ 0 and the specialist earns a rent if βSκL + dS ≥ 0.

If rents accrue to both physicians, the unique rent minimizing contract is

γP1
P

∗
= βP (p̂

0
LκL + p̂0HκH) + cP

γP2
P

∗
= 0

γSP
∗
= 0

γP2
S

∗
= 0

γSS
∗
= cS − βSκL.

(3.54)

Proof. 1. The PCP is incentivized to refer only high-type patients and the specialist is in-

centivized to treat them and refer any back any low-type patients if they were referred (see

Appendix 3.A.10). The ICs that need to be fulfilled for P are

(I) : p̂0L(γ
P1
P − γP2

P ) + p̂0H(γP1
P − γSP − βPκH − cP ) ≥ 0

(II) : γSP − γP1
P ≥ −βPκH − cP

(3.55)

γP2
P can be set to 0 to minimize rents. This changes (I) to

(I∗) : γP1
P ≥ p̂0H(βPκH + γSP + cP ) (3.56)

If (I∗) is binding, (II) is fulfilled. Let γSP = 0. The PCP is fulfilled and a positive rent accrues

to P if and only if

EΠP = (1− pq̂)(p̂0HβPκH − p̂0LcP )
!
≥ 0 (3.57)

and the rent-minimizing contract is

γP1
P

∗
= p̂0H(βPκH + cP )

γP2
P

∗
= 0

γSP
∗
= 0

γP2
S

∗
= dS + pβSκL

γSS
∗
= dS + cS − (1− p)βSκL

(3.58)

γSS
∗ ≥ 0 because κL ≤ κ2, thus NNP is fulfilled.
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Otherwise, the outcome can be implemented by setting the rent to 0:

EΠP = (1− pq̂)[p̂0H(βPκH + γSP + cP )− cP ] + pq̂γSP
!
= 0 ⇐⇒

γSP =
−(1− pq̂)[p̂0HβPκH − p̂0LcP ]

p
.

(3.59)

2. The specialist can be incentivized to treat all referred patients by paying her a markup on

treatment of −βSκL compared to back-referral. This leads to a rent of ΠS = max(−pq̂(βSκL+

dS), 0). The ICs for the PCP are now

(I) : γP1
P − γSP ≥ βP (p̂

0
LκL + p̂0HκH) + cP

(II) : γSP − γP1
P ≥ −βPκH − cP

(3.60)

Fulfilling (I) exactly, implies (II). If rents accrue, they are minimized by setting γSP = 0. The

PCP’s profits are now ΠP = (1 − pq̂)βP [p̂
0
LκL + p̂0HκH ]. If the sum of PCP’s and specialists

profits are smaller than the PCP’s profits from the contract in 2

⇐⇒ max(−pq̂(βSκL − dS), 0) + max((1− pq̂)βP [p̂
0
LκL + p̂0HκH ], 0) ≤

max((1− pq̂)[βP p̂
0
HκH − p̂0LcP ], 0),

(3.61)

the specialist should be incentivized to treat all referred patients.

3.A.12

Theorem 13. Consider the alternative information structure. Consider the contract

γP1
P

∗
= cP

γP2
P

∗
= cP

γSP
∗
= 0

γP2
S

∗
= dS + pmS

γSS
∗
= dS + cS − (1− p)mS

(3.62)

with mS ≤ βS(cS − cP ). This contract is always welfare enhancing over the cost-based FFS

contract.
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Proof. Under the cost-based FFS contract, the resulting treatment path vector is
(
S S S

)T

for κL > 0(
P2 S S

)T

for κL ≤ 0.

(3.63)

Under contract (3.62) it is 
(
S S S

)T

for κL > mS
βS(

P2 S S

)T

for κL ≤ mS
βS

.

(3.64)

In the first-best
(
P2 S S

)T
yields larger expected welfare than

(
S S S

)T
if and only if

κL ≤ cS − cP . (3.65)

Thus, the proposed contract is welfare enhancing if and only if mS ≤ βS(cS − cP ).
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4 Should Physicians Team Up to

Treat Chronic Diseases?

Malte Griebenow

Abstract

This paper studies referral strategy and effort provision of a primary care physician (PCP) and

a specialist who are responsible for the treatment of chronically ill patients. Two organizational

settings are compared, a team in which physicians cooperate and solo practices in which they

do not. Optimal treatment fees are derived for each setting. If the difference in expected

treatment costs between disease severities is relatively larger for the PCP, an efficient flow of

patients can be achieved in the physician team. In this case, effort is incentivized by a markup

on PCP treatment and below-cost fees for specialist treatment. However, if this condition is

not fulfilled, care may be delivered second-best efficiently in solo practices with a gatekeeping

PCP.
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Chapter 4. Should Physicians Team Up to Treat Chronic Diseases?

4.1 Introduction

Chronic diseases are a costly burden on health care systems. In the US, for example, 60% of

the population suffer from at least one chronic disease. Further, chronically ill patients account

for 90% of health care expenditures (Buttorff, 2017). According to Bodenheimer, Chen, et al.

(2009), one barrier to the efficient provision of chronic care is that health care systems are

built around the treatment of acute problems rather than the long-term health of the patient.

One of the measures they propose to improve chronic care is to provide it in teams rather

than solo practices. In a meta analysis, Pascucci et al. (2020) find that inter-professional

collaboration improves a number of health related outcomes for chronically ill patients indeed.

Lemieux-Charles and W. L. McGuire (2006) analyze studies relating to the effectiveness of

health care teams compared to usual care. They also find improvements in patient treatment

for some interventions. However, they also find that team care may increase costs. This begs

the question whether team care is more cost-efficient than care delivered in solo practices. This

paper’s aim is to provide theoretical guidance regarding this question.

In this paper, I consider two important aspects of chronic care. Firstly, chronically ill patients

should receive treatment from an appropriate physician. Which physician should treat a patient

crucially depends on the patient’s disease severity. Whereas a primary care physician (PCP)

is able to cost-efficiently treat a patient in mild condition, a specialist’s services are required

for a more severe case. This aspect is especially important for chronic diseases as the disease

severity of chronically ill patients may change over time. Secondly, treatment efforts exerted

today impact health outcomes and costs in the future. The preventive effort of a PCP can

decrease the need for future treatment and, thus, decrease costs for the health care system

(Dusheiko, Gravelle, Martin, et al., 2011; Bruin et al., 2001; R. Li et al., 2010). Similarly,

high-quality specialist treatment can lead to the quicker recovery of the patient.

A key agency issue considered in this paper is physician self-interest. Even though physicians

are expected to care about their patients’ welfare (Ellis and T. G. McGuire, 1986; Arrow,

1963), empirical evidence indicates that financial incentives strongly affect physicians’ provi-

sion behavior (Einav et al., 2018; Clemens and Gottlieb, 2014; Epstein and Johnson, 2012).

According to some authors (Relman, 2007; Jones, 2002), medical professionals (Perry, 2009;
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Whynes et al., 1999), and medical students (Civaner et al., 2016) the medical care market

is increasingly commercialized and, as a result, medical professionalism and altruism are in

decline. Indeed, J. Li et al. (2017) find, for a sample of US medical students, that the students

are substantially less altruistic than the average American. Thus, in the main part of the

paper I consider profit-oriented physicians who do not internalize patient benefit1. A profit-

oriented physician may provide too little effort because she suffers the costs of effort provision

but does not internalize the future health losses of patients. Furthermore, she ignores patient

health losses when considering whether to refer a patient2. As an extension I consider partially

altruistic physicians.

If physicians work in solo practices, they do not consider the other physician’s profit in their

treatment and effort decisions. This can be problematic if patients who could be treated less

expensively by the other physician are not referred. If there is no asymmetric information

between the physicians, this coordination problem can be solved by delivering chronic care

in health care teams that are reimbursed by (risk-adjusted) per patient payments as Boden-

heimer, Chen, et al. (2009) propose3. However, solving the coordination problem is not nec-

essarily socially efficient because the least expensive treatment is not necessarily cost-efficient.

Furthermore, organizing physicians in a team provides them an opportunity to collude in order

to earn larger profits. For example, if specialists are paid larger treatment fees than PCPs,

there is an incentive for the PCP to over-refer patients to the specialist. However, assuming

that kickback payments between physicians are not allowed, the PCP faces no such incentive

in the solo practices. The trade-off between coordination and collusion is the main focus of

this paper4.

1For simplicity, I refer to the physicians with female pronouns and the payer and patient with male

pronouns.
2Empirical evidence suggests that financial incentives indeed influence physicians’ patient selection

(Sarma et al., 2018; Iversen and Lur̊as, 2000), which may result in both over- and under-referrals

(Mehrotra et al., 2011).
3For example, US accountable care organizations (ACOs) use shared budgetary responsibility between

physicians in order to make them financially responsible for their own referrals (Song et al., 2014).
4Interestingly, the way physicians are organized varies drastically from country to country. For ex-

ample, in Germany 60% of ambulatory care physicians work in solo practices (Blümel and Busse,

2015). In the US only 18% of physicians work in solo practices (Kash and Tan, 2016).
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The aim of this paper is to answer the following question. Under which conditions should

a chronically ill patient receive care from a physician team (PCP and specialist) or from

independent physicians who work in solo practices? In order to answer this question I derive

optimal treatment fees for both physicians in each setting and compare the second-best optimal

outcomes between both organizational forms. As an extension I consider the restriction that

the team is paid by a flat treatment fee which does not differ between physicians. The main

difference between organizational forms is that in a team, physicians coordinate their referral

and effort decisions, whereas in solo practices they do not.

To answer the research question I develop a model with a PCP and a specialist who treat

a fixed number of chronic patients for an indefinite time frame. Patients can either be in

a mild condition, which is inexpensive to treat, or in a severe condition, which is costly to

treat. The severe condition could, for example, correspond to a hyperglycemic diabetes patient

or a patient with neuropathic or retinopathic complications. Physicians can exert tertiary

preventive effort (time spent on patient, self-help support, appropriate medication, support

personnel...) in order to lower the probability that a patient’s condition deteriorates and

they can exert curative effort in order to increase the probability that a patient’s condition

improves. Further, physicians refer patients between each other and can accept or reject each

other’s referrals.

The main innovation of the paper is to analyze physicians’ agency problems relating to ef-

fort and referral efficiency in a model that captures the dynamic nature of the chronic care

market. Patients’ severity in each period is determined by a competitive Markov decision

process (see Filar and Vrieze, 1996, for the theoretical background for this type of game). A

patient’s probability distribution over the disease severity in the next period is determined by

the patient’s current severity, the type of physician treating him, and the exerted effort of the

treating physician. Consequently, treatment decisions made by physicians in one period affect

the expected costs of care and expected patient health losses in all periods to follow.

Both the severity of the patient (hidden information) and the effort exerted by the physicians

(hidden action) are unknown to the payer contracting with the physicians. In order to achieve

efficient outcomes, both physicians should be incentivized to exert effort. Further, patients
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in the mild condition should receive care from the PCP and patients in the severe condition

should receive specialist care. I derive conditions under which physicians in each organizational

form exert more effort and/or more adequately refer patients.

There are several advantages of using a dynamic model rather than a static model. First,

it provides an explanation for the provision of non-contractible effort without using altruism

or pay-for-performance mechanisms that require the payer to have information on outcomes

ex-post. Instead, physicians provide effort in order to reduce their own (or their team’s) future

costs of care. Second, a dynamic model allows for the study of the complete treatment path of

the patient. This includes a back-referral to the PCP after successful specialist treatment.

I find that if profit maximizing physicians work in solo practices it is not possible for the payer

to implement optimal referral patterns, though it may be possible in the team. If the first-

best is implementable in the team, markups should be used for PCP treatment, whereas the

specialist should be paid below-cost. Nevertheless, it can be optimal to organize the physicians

in solo practices. The reason for this is that only in the solo practices a potentially second-best

outcome can be implemented, in which the PCP acts as a gatekeeper for the specialist.

Hey and Patel (1983) are the first to develop a Markov model in order to analyze prevention

and cure investments of an individual. Hennessy (2008) extends the analysis of Hey and Patel

and finds that prevention efforts and cure efforts can be both complements and substitutes.

In particular, a subsidy for curative effort may increase the prevalence of an adverse health

state as individuals exert less prevention effort. A limitation of these papers is that they do

not consider physician agency issues relating to the provision of chronic care.

This paper is also related to the literature on organizational design (Jelovac and Macho-Stadler,

2002; Grassi and Ma, 2016). Grassi and Ma (2016) study a referral market between experts

who each provide cost-efficient treatment for one type of client. They find that forming an

organization is beneficial for referral efficiency. However, this reduces incentives for cost-

control. In their model cost is the only factor that determines which expert should optimally

serve a client. By contrast, in my model the physicians not only differ in their costs but

also in their ability to treat patient types. Consequently, cost-minimizing treatment may not

be socially efficient. Furthermore, they focus on information asymmetry between physicians,
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which is not a factor in my model. Jelovac and Macho-Stadler (2002) finds that delegating

a hospital to contract with its physician may be superior to contracting with both parties

simultaneously. This is the case if the hospital’s investment decisions matter sufficiently much

for the quality of care. Instead of considering subcontracting between hospital and physician,

I consider cooperation between two physicians.

Garcia-Mariñoso and Jelovac (2003), Shumsky and Pinker (2003), and Allard, Jelovac, et al.

(2011) study referrals in health care markets. The focus of these papers is on setting up

efficient payment mechanisms to incentivize appropriate referrals from a PCP to a specialist

in a static context. Informational requirements of the optimal contracts can be large. For

example, information on the ex-post benefit of a treatment needs to be available in some cases

in Garcia-Mariñoso and Jelovac (2003) and Allard, Jelovac, et al. (2011). In contrast, I consider

simple treatment fees that may not always be able to incentivize first-best solutions but are

easy to implement by the payer. Furthermore, I consider a dynamic game with the possibility

of back-referrals from specialists to PCPs.

Malcomson (2005) studies the optimal treatment choice of a physician that can provide one of

two treatments to patients that differ in their disease severity and treatment costs. The payer

is unable to verify the severity of the patients, though he is able to verify which treatment has

been provided. It is only possible to implement the optimal treatment choice of the physician

if the costs of the treatment that is appropriate for less severely ill patients rise more strongly

in patient severity than the costs of the treatment that is appropriate for the more severely ill

patients. The model setup in this paper is similar to Malcomson’s model adapted to a dynamic

framework with two physicians, in which each physician offers one of the treatment options.

The remainder of the paper is structured as follows. Section 5.2 describes the model used in

this paper. Section 4.3 defines the first-best benchmark. In Section 4.4 treatment fees for

both the team and the solo practice are derived to implement potentially second-best optimal

outcomes under the assumption that the payer can not verify effort provision or the type of

the patient. Subsequently, the second-best optimal outcomes for team and solo practice cases

are compared. Conditions are derived under which either organizational form is superior. In

Section 4.5 the case that teams are paid with flat fees and the case that physicians are partially

72



4.2. Model

altruistic are considered as extensions. Section 4.6 concludes.

4.2 Model

The payer contracts with two physicians, a PCP (P ) and a specialist (S), to treat a fixed

number of chronic patients for an indefinite number of periods. At the end of each period,

there is a probability of 0 < β < 1 that the game will continue. Furthermore, there exists an

outside provider (in the following: hospital) (H) who treats all patients who are not treated by

either physician. I assume that the disease is an ambulatory care sensitive condition. Because

hospital treatment tends to be expensive, I assume that the payer always prefers ambulatory

treatment to hospital treatment. To save on notation, I do not model the output of the hospital

in detail.

In each period, a patient receives treatment from one physician only. There are two types of

patients, patients in mild condition (l-types) and patients in severe condition (h-types). For

every period that a patient remains in severe condition, he suffers a health loss L ≥ 0. The

payer can not observe the patients’ types.

The health state of each patient changes probabilistically over time. The base transition

probabilities between state i and j when receiving treatment from physician k are denoted by

pijk ∈ (0, 1). Physicians k ∈ {P, S} can exert effort eik ∈ {0, 1}, i ∈ {l, h} in order to reduce the

probability that a patient’s condition deteriorates from condition l to h (tertiary prevention

effort) or increase the probability that a patient’s condition improves from condition h to l by

∆p (treatment effort) in a given period:

pllk (e
l
k = 1) = pllk +∆p, plhk (elk = 1) = plhk −∆p

phhk (ehk = 1) = phhk −∆p, phlk (ehk = 1) = phlk +∆p

In order to ensure that all probabilities stay within zero and one, I assume ∆p < pijk ∀i, j ∈

{l, h}, k ∈ {P, S}. Physician treatment comes at costs cik + ce, where cik ≥ 0 are the treatment
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costs for physician k to treat a patient in condition i and ce ≥ 0 is the cost of exerting effort5.

Thus, both the costs and benefits of providing effort are identical between the physicians.

However, both the treatment costs and base transition probabilities differ between them.

I assume that for mildly ill patients PCP treatment is cheaper than specialist treatment (clP <

clS). This is often the case due to the more intensive specialist treatment. For severely ill

patients either provider can be cheaper. Furthermore, I assume that severely ill patients are

more expensive to treat than mildly ill patients (∆ck := chk−clk > 0) because patients in severe

condition tend to require more intensive treatment and are at greater risk for complications6

Specialists are more effective at treating severely ill patients. This means that with equal

physician effort a patient in severe condition will be more likely to improve his condition if

he is treated by the specialist rather than the PCP (phhS < phhP ). For mildly ill patients,

either provider may be more effective. However, if the specialist has a treatment advantage

for mildly ill patients, it is smaller than the treatment advantage for severely ill patients

(phhP − phhS > pllS − pllP ).

Both physicians can observe each patient’s type at any time. At the beginning of a period

the physician who treated a patient in the last period is responsible for treating the patient

in this period. Physicians decide on whether to treat or refer patients who they are currently

responsible for. If the physician decides to refer the patient, the referral only completes if the

receiving physician accepts it. In this case, responsibility for the patient’s treatment shifts

towards the receiving physician. Otherwise, if the referral is rejected, the patient receives

treatment from the hospital from then on forward. Figure 4.2.1 shows the possible states a

patient can be in and the transition probabilities between the states. PCP behavior is at the

top and specialist behavior is at the bottom.

Physicians receive a treatment fee γk ≥ 0 in each period per patient whom they treat in

5A part of the physicians costs are time costs. The physician’s valuation of his time may depend on his

opportunity costs. For example, a physician who treats both privately and publicly insured patients

may have higher opportunity costs than a physician who only treats publicly insured patients.
6This is a common assumption in health economic models (Grassi and Ma, 2016; Hafsteinsdottir and

Siciliani, 2010; Malcomson, 2005; Eggleston, 2000; Ellis, 1998).

74



4.2. Model
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h
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h
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Figure 4.2.1: Patient states and transition probabilities

addition to a fixed payment of Fk which they receive after signing the contract. Periodical

treatment fees are common components of real world payment systems7. The fixed payment

represents subsidies that physicians may receive upon opening a practice.

Physicians are assumed to be profit maximizers and to not be capacity constrained. In order

for them to accept their contracts, they need to earn at least a minimum expected discounted

profit with the common discount factor β8. For simplicity, I assume that any rent can be

extracted by lowering the fixed payments. Patients are fully insured and follow their physicians’

recommendations. Because the costs, benefits, and treatment fees per patient are independent

of the number of treated patients, I analyze a single representative patient. Figure 4.2.2

7Capitations and service fees can be budgeted for a certain time frame. For example, in the German

social health insurance system, physicians receive strongly reduced fees once they exceed a certain

amount of services in a quarter.
8Physicians discount the possibility that the game ends. For simplicity, I abstract from other reasons

to discount the future.
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Payer: Creates
payment system
and patient insur-
ance.

Physicians: Ac-
cept or reject their
contracts.

Nature: Draws ini-
tial disease sever-
ity.

Game ends, physi-
cians receive zero
payoff.

Physicians observe
the patient’s type.

Physicians:
Choose referral
and effort actions.

Referral/Treatment
is made, payments
and costs accrue.

Patient: Health
state changes,
health loss (h-
type), t = t+ 1.

Game ends, physi-
cians receive zero
additional payoff.

t = 0

accept

reject

β

1− β

Figure 4.2.2: Sequence of Events

depicts the sequence of events. Before the treatments start, the payment system is created and

physicians accept or reject their contracts and receive their fixed payments if they accepted the

contract. If either physician rejects, the game ends, physicians receive no payoff, and patients

are treated in the hospital. After accepting the contracts, the payer decides which provider is

initially responsible for the treatment of the patient. Then the initial disease severity of the

patient is drawn by nature.

The following describes the periodical patient treatment. First, the physicians observe the

patient’s type. The second step depends on the organizational form of the health care market.

Solo Practices: If the physicians work in solo practices, the physicians simultaneously decide

non-cooperatively on patient type-dependent referral and effort actions in this period. If a

physician chooses to refer the patient, the referral will only be completed if the other physician

accepts it. If the receiving physician rejects the referral, the patient is treated in the hospital.

Team: If the physicians form a team, they commit to a cooperative strategy in the second

step instead. I assume that this strategy maximizes the discounted expected joint profit of the
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team. Further, physicians can freely transfer money between each other, provided that both

physicians’ participation constraints are fulfilled.

After referrals have been made, the patient is treated, costs accrue, and payments are made.

With probability β the game continues, with probability 1− β it ends. If the game ends, the

physicians receive no additional payoff. If the game continues, the state of the patient changes

and the patient suffers a health loss if he is in severe condition.

4.3 First-Best Benchmark

In this section I describe the optimal outcome under the condition that the payer can implement

any outcome without leaving profits to the physicians. Excluding the degenerate state H,

there are four patient state variables x ∈ X := {lP , hP , lS , hS} in the game depicted in Figure

4.2.1, namely a patient in mild (l-types)/severe (h-types) condition who receives treatment in

this period from the PCP/specialist respectively. Note that the patient type is the patient’s

disease severity, whereas the patient state also includes information about which physician is

responsible for the treatment of the patient.

Both physicians know the state of the game whenever they take an action. I restrict the

analysis of the game to Markov strategies, i.e. strategies that are conditioned only on the state

of the game x and not on the history of the game in general9. Thus, each physician’s strategy

is fully described by their referral and effort decisions for each of the four states. The payer

minimizes the discounted sum of expected health losses and physician payments (including

fixed payments). Rents are optimally set to equal zero, thus the payments (γ, F ) just cover

the physicians’ costs.

The game proposed in Section 5.2 fulfills the definition of a discounted stochastic game10. Let

us consider first the continuation welfare W (s, x). It describes the expected welfare generated

9Considering non-Markovian equilibrium strategies would give rise to Folk Theorem type strategies.

This undermines the ability of the model to produce unique predictions.
10I follow the solution method for this type of game in Filar and Vrieze (1996).
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by the physicians’ strategies s = (sP , sS) for a patient in a given state x:

W (s, x) = −L(x)− C(s, x)︸ ︷︷ ︸
per period health/treatment/effort costs

+ β
∑
x̃∈X

p(x̃|s, x)W (s, x̃)︸ ︷︷ ︸
discounted expected future welfare

, x ∈ X .
(4.1)

Here, a physician strategy sk, k ∈ {P, S} assigns an action from the space

{treat, refer} × {effort, no effort}

to every state x ∈ X . Note that continuation welfare is independent of the period t. Thus, from

the four equations corresponding to the four states, ex-ante expected welfare can be calculated

as

EW (s) = l0PW (s, lP ) + l0SW (s, lS) + h0PW (s, hP ) + h0SW (s, hS), (4.2)

where l0P , l
0
S , h

0
P , h

0
S ∈ [0, 1) are the initial probabilities for the patient to be in a given state. The

probability for the patient to be in severe condition is given by p0 ∈ (0, 1). The payer decides

which physician is responsible for the patient initially. Thus, h0P + h0S = p0, l0P + l0S = 1− p0.

I assume that the patient does not have prior information on his type, thus the payer can not

improve by letting the patient choose his own initial physician11.

Let the patient have a fixed disease severity in some period. The type of physician who treated

the patient in the last period is irrelevant to the question of which physician should treat the

patient in this period and which effort level he should receive. Therefore, the patient should

receive the same treatment and effort for a given type. Thus, any potentially optimal physician

strategy can be denoted by

sk = (Dl
k, D

h
k)

elke
h
k with Dl

k, D
h
k ∈ {T,R}, (4.3)

where Di
k is the decision of physician k to treat or refer the patient of type i and where eik is

the effort decision of the physician. The joint treatment and referral decisions of the physicians

define the treatment paths for all patients. Table 4.3.1 provides an overview over all possible

treatment paths. A treatment path is defined by the physician(s) who treat(s) a patient of

type l and h.

11In all cases discussed in this paper the payer (weakly) prefers the PCP to receive patients initially.

All main results are robust as long as some patients visit the PCP initially.
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If the PCP chooses to treat a patient type i and the specialist chooses to refer (Di
P = T ,

Di
S = R), that patient type will be treated by the PCP. This is indicated by the letter P .

Conversely, if the specialist chooses to treat a patient type and the PCP chooses to refer

(Di
S = T , Di

P = R), the specialist treats this type. This is indicated by the letter S. If both

physicians choose to treat a patient type (Di
P = Di

S = T ), whichever physician is responsible for

treating the patient continues to treat him. This is indicated by the letterM . If both physicians

choose to refer a patient type (Di
P = Di

S = R), the patient receives hospital treatment. This

is indicated by the letter H. Once a patient receives treatment from the hospital, he does not

return to the physicians. I assume that hospital costs are large enough such that implementing

a treatment path including H is never optimal from the payer’s perspective. To summarize,

P : Treatment by the PCP.

S: Treatment by the specialist.

M : Treatment by the physician who treated the patient in the last period.

H: Treatment by the hospital.

Excluding the paths in which the patient receives hospital treatment, nine different treatment

paths emerge.

PS: l-types get referred to the PCP, h-types get referred to the specialist,.

PP : All patients get treated by the PCP.

SS: All patients get treated by the specialist,.

PM : l-types get referred to the PCP, h-types stay at their resp. provider.

MS: h-types get referred to the specialist, l-types stay at their resp. provider.

MM : All patients stay at their resp. provider.

MP : h-types get referred to the PCP, l-types stay at their resp. provider.

SM : l-types get referred to the specialist, h-types stay at their resp. provider.
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Table 4.3.1: All possible treatment paths.

Specialist

(T, T ) (T,R) (R, T ) (R,R)

PCP

(T, T ) MM MP PM PP

(T,R) MS MH PS PH

(R, T ) SM SP HM HP

(R,R) SS SH HS HH

SP : h-types get referred to the PCP, l-types get referred to the specialist.

The strategies of the physicians determine the outcome of the game. Outcomes are defined by

the treatment path that the patient takes and the physicians’ efforts. They will be denoted

by {treatment path}eP eS with ek = elk = ehk . In principle physicians could provide effort for

one patient type but not the other. However, as will be shown in Subsection 4.4.2, this is

never a second-best equilibrium outcome. For proofs I use the following extended notation for

outcomes whenever necessary: {treatment path}elP ehP elSe
h
S . If a physician k does not treat a

patient type i, her chosen effort level for this patient type does not impact expected welfare.

In this case effort is denoted by eik.

Contracting with the physicians is always in the payer’s interest. I assume, consistently with

chronic care recommendations (Gask, 2005), that specialist treatment is only socially efficient

for patients in severe condition. Furthermore, the cost of effort provision is low enough, such

that effort provision for both physicians is always first-best optimal. Therefore, high-effort

PCP treatment for low types and high-effort specialist treatment for high types is first-best in

all periods. This outcome is denoted by PS11. For this outcome to emerge, the PCP needs to

play the strategy sP = (T,R)1e
h
P and the specialist needs to play the strategy sS = (R, T )e

l
S1.
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Formally, the conditions for PS11 to be optimal are (for any initial probabilities x0):

EW (PS11) ≥ EW (PS00) ⇐⇒ ce ≤
∆pβ(L+ chS − clP )

1 + β(1− pllP − phhS )
(4.4)

EW (PS11) ≥ EW (PP 1eS ) ⇐⇒ chS − chP ≤
(phhP − phhS )β(L+ chP − clP )

1 + β(1− pllP − phhP )
(4.5)

EW (PS11) ≥ EW (SSeP 1) ⇐⇒ clS − clP ≥
(pllS − pllP )β(L+ chS − clP )

1 + β(1− pllP − phhS )
(4.6)

Condition (4.4) implies that effort provision is optimal given that the PCP treats l-types and

the specialist treats h-types. Intuitively, the costs of effort may not exceed its discounted

benefits.

Condition (4.5) implies that it is first-best optimal to let the specialist treat h-types given that

the PCP treats l-types. Here, the cost difference between the specialist and PCP treatment of

h-types may not be larger than the additional benefits of specialist treatment.

Condition (4.6) implies that it is first-best optimal to let the PCP treat l-types given that the

specialist treats h-types. Note that if pllP ≥ pllS , Condition (4.6) is always fulfilled. Otherwise,

Condition (4.6) delivers a lower bound on L, whereas Condition (4.5) delivers an upper bound

on L. In this case Condition (4.7) needs to hold in order for feasible parameters to exist.

chS − chP
phhP − phhS

≤
clS − clP
pllS − pllP

(4.7)

Intuitively, Condition (4.7) states that potential cost savings from PCP care relative to spe-

cialist care may not be too large for h-types relative to l-types.

An outcome is superior (denoted by ≥) to another outcome in terms of welfare if and only

if it delivers at least the same continuation welfare for any state. It is strictly superior if

it is superior and delivers strictly greater welfare for some state. For the second-best welfare

comparison between organizational forms, I assume the strict superiority of PS11 over all other

strategies. It follows Lemma 2 (proof in Appendix 4.A.1).

Lemma 2. If Conditions (4.4) to (4.6) hold (strictly), PS11 is (strictly) superior to all other

outcomes.
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4.4 Second-Best Analysis

4.4.1 Physician Behaviour

From now on I assume that the payer is not able to observe the type of a patient; however, he is

still able to observe which physician provides treatment. The continuation profit of physician

k for state x, given both physicians strategies s, is

uxk(s) = Γk(s, x)− Ck(s, x)︸ ︷︷ ︸
per period profit

+ β
∑
x̃∈X

p(x̃|s, x)ux̃k(s)︸ ︷︷ ︸
discounted expected future profit

, x ∈ X
(4.8)

with Γk(s, x) being the physicians’ per period treatment fees. The discounted expected profit

in period t = 0 amounts to

Uk(s) = Fk + l0Pu
lP
k (s) + l0Su

lS
k (s) + h0Pu

hP
k (s) + h0Su

hS
k (s). (4.9)

In order to participate, a physician/the physician team needs to earn minimum profits. For

simplicity they are normalized to zero. Thus, an equilibrium strategy s∗ must satisfy the

ex-ante participation constraints:

Uk(s
∗) ≥ 0, k ∈ {P, S} (PC) (4.10)

In the team, participation depends on the sum of the physicians’ profits because the team

can always ensure that both physicians earn non-negative profits with the help of internal

transfers.

UP (s
∗) + US(s

∗) ≥ 0 (PC - T) (4.11)

Condition (4.8) defines a system of linear equations with four equations that can be used to

determine the four unknown continuation profits. They are made up of two parts; the per-

period profit of the physician and her discounted expected profit over the remaining periods.

In the solo practices, physicians non-cooperatively aim to maximize their discounted expected

profit (4.9), whereas the physician team aims to maximize the sum over both physicians’

profits.
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In order to ensure that the hospital does not receive patients, solo practice physicians need

to receive non-negative continuation profit for each patient type, whereas in the team it is

sufficient that the team’s continuation profit is non-negative.

uxk(s
∗) ≥ 0, x ∈ X , k ∈ {P, S} (4.12)

uxP (s
∗) + uxS(s

∗) ≥ 0, x ∈ X (4.13)

The payer’s goal is to determine the treatment fees and a gatekeeping rule (i.e. a rule deter-

mining which physician is initially responsible for treating the patient) that maximize expected

welfare (4.2) subject to the constraint that physicians maximize their expected profits (4.9),

given the participation constraints (4.10) respectively (4.11) and interim participation con-

straints (4.12) respectively (4.13). I derive the contract that fulfills the above condition with

minimal treatment fees. The fixed payments Fk do not impact incentives. Therefore, Fk is set

to exactly fulfill the ex-ante participation constraints:

Fk = −[l0Pu
lP
k (s) + l0Su

lS
k (s) + h0Pu

hP
k (s) + h0Su

hS
k (s)]

For the solo practices I derive Markov-Perfect-Equilibria (MPE) in pure strategies, i.e. both

physician’s strategies need to be best responses to each other in each state:

uxP (s
∗
P |s∗S) ≥ uxP (sP |s∗S)∀sP ,∀x ∈ X ,

uxS(s
∗
S |s∗P ) ≥ uxS(sS |s∗P )∀sS , ∀x ∈ X

A strategy is superior (denoted by ≥) to another strategy in terms of utility if and only if it

delivers at least the same continuation utility for each state. It is strictly superior (denoted by

>) if it is superior and it delivers strictly greater continuation utility for some state. For the

team I derive outcomes that maximize the teams joint profit. For the comparison between or-

ganizational forms, I only consider strategies that can be implemented as a unique equilibrium,

in order to ensure that they can be reliably implemented by the payer.

As assumed, a patient of a given type has the same costs and transition probabilities if he

receives the same treatment, regardless of which physician treated him last period. Thus,

a physician can never improve by treating the patient differently based on the previously

treating physician. I therefore only consider strategies that assign the same treatment and

effort decision to the same patient type (as in Condition (4.3)).
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If possible, the payer aims to implement both the first-best treatment path PS as well as effort

provision for both physicians elP = ehS = 1. However, both implementing effort provision and

implementing the desired treatment path PS are not always possible. Thus, a second-best

outcome needs to be implemented in this case. Lemma 3 is useful in the second-best analysis.

It follows from Conditions (4.5) and (4.6), see Appendix 4.A.2.

Lemma 3. It holds that

EW (PSeP eS ) ≥ EW (PM eP eS ) ≥ EW (PP eP eS ) and

EW (PSeP eS ) ≥ EW (MSeP eS ) ≥ EW (SSeP eS )
(4.14)

for eP = eS. If Conditions (4.4) to (4.6) hold strictly, so does Condition (4.14).

Furthermore, paths MM,SP,MP and SM are weakly dominated by PP and SS for fixed

eP , eS.

Intunitively, Lemma 3 states that given equal levels of effort, an outcome is superior to another

if its treatment path deviates less from the first-best treatment path PS.

In Subsection 4.4.2 and 4.4.3 I derive the set of potentially second-best outcomes which can

be implemented by the payer for the solo practices and the team respectively. Furthermore, I

derive conditions on the treatment fees that allow the payer to implement his desired outcome.

In Subsection 4.4.4 I compare the second-best optimal outcomes from both organizational

forms and derive conditions under which either one is optimal.

4.4.2 Solo Practices

In this subsection I derive the set of potentially second-best outcomes, i.e. the set of outcomes

that are not dominated in terms of welfare and which can be implemented by the payer. Let

us consider first which treatment paths can not be implemented in the solo practices. This is

shown in and Proposition 1.

Proposition 1. Strategies sk = (R, T ), k ∈ {P, S} are never a part of an MPE in the solo-

practices.
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Table 4.4.1: All possible treatment paths (solo practices), bold: first-best, single crossed-

out: not second-best optimal, double crossed-out: impossible to implement

as a unique MPE.

Specialist

(T, T ) (T,R) ����XXXX(R, T ) (R,R)

PCP

(T, T ) MM MP ���XXXPM PP

(T,R) MS MH ���HHHPS PH

����XXXX(R, T ) ���XXXSM ��HHSP ���XXXHM ���XXXMP

(R,R) SS SH �
��HHHHS HH

Proposition 1 is true because l-types are cheaper to treat than h-types. Therefore, treating an

l-type now is always more profitable than treating an h-type now or later. Hence, physicians

never refer l-types when they are willing to treat h-types. The affected treatment paths have

been double crossed out in Table 4.4.1. Not being able to incentivize sS = (R, T ) is problematic

because the first-best calls for the specialist to refer back l-types and to treat h-types.

In contrast to the first-best treatment path, the “blind” treatment paths in which only one

physician treats all patients (PP and SS), can trivially be implemented by the payer by only

paying one physician sufficient treatment fees for treating both patient types. If a physician

treats all patients, she is willing to exert effort for both patient types if the costs of effort are

lower than the discounted future cost savings from keeping the patient in the mild condition.

For the PCP and specialist the conditions are respectively,

ce ≤ c̃e
P :=

∆pβ∆cP

1 + β(1− pllP − phhP )
,

ce ≤ c̃e
S :=

∆pβ∆cS

1 + β(1− pllS − phhS )
.

Thus, if there is a large difference in the treatment costs between l- and h-types (i.e large ∆cP

or ∆cS ) physicians are more willing to exert effort. For both treatment paths, the exerted effort

is independent from the treatment fees. It follows Proposition 2 (proof in Appendix 4.A.3).

Proposition 2. Treatment paths PP and SS can always be implemented by the payer. Effort
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for both patient types is exerted by the PCP (specialist) if and only if ce ≤ c̃e
P (c̃e

S). These two

treatment paths together weakly dominate paths MM and MP in terms of social welfare.

As PP and SS can always be implemented, any treatment path that is dominated by them in

terms of social welfare, is never second-best optimal. Lemma 3 has already shown that MM

and MP are weakly dominated for fixed levels of effort. Whenever effort can be incentivized

for MM and MP , it can also be incentivized for PP and SS. Thus, the latter paths weakly

dominate the former. MM and MP have been crossed out once in Table 4.4.1. Furthermore,

as assumed, hospital treatment is never efficient from the payer’s perspective. All remaining

paths containing hospital treatment have also been crossed out once.

Proposition 2 shows that despite the fact that physicians are profit oriented in this model, they

may still exert non-contractible effort in order to reduce their future treatment costs. Thus, the

dynamic model of physician treatment offers an alternative explanation to altruism for effort

in a credence goods market. Note that in the blind treatment paths physicians fully internalize

the cost savings from high effort provision, though they do not internalize the patient’s health

losses. Therefore, only under-provision of effort is a potential issue but not over-provision.

It may seem surprising that the threshold for providing effort is independent of patient severity.

As Hennessy (2008) point out, prevention effort and curative effort can be both complements

and substitutes. If the probability that a patient remains healthy increases, so does the future

gain from increasing curative effort. The reason for this is that patients stay healthy for longer

once they are cured. If the probability that a patient improves his condition increases, the

future gain from increasing prevention effort decreases. This is so because patients return to

the healthy state more quickly. In this model, both effects just cancel each other out because

both effort costs and the effect of effort coincide between disease severities.

There remains only a single treatment path from Table 4.4.1 which has not been analyzed yet,

namely MS. In this path the PCP treats l-type patients until their condition deteriorates to

h and then refers them to the specialist (as in the first-best). The specialist then continuously

treats the patient (as in the blind specialist treatment). This treatment path differs from the

first-best path PS insofar that patients who have been cured by the specialist are not referred

back to the PCP. In order to implement this path, the PCP plays strategy (T,R)e
l
P ehP and the
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specialist plays strategy (T, T )e
l
Se

h
S . Even though the specialist would prefer to treat l-types,

the PCP does not refer them. Thus, the PCP acts as a gatekeeper for the patient. In order to

maximally utilize this gatekeeping effect, all patients should initially visit the PCP.

The specialist can be easily incentivized to treat all referred patients by setting her treatment

fee higher or equal to her expected costs. Her effort provision is independent of the payments.

Effort will be provided for both patient types if and only if ce ≤ c̃e
S (see Proposition 2).

Let the specialist play (T, T )e
l
Se

h
S . Incentivizing the PCP to play (T,R)e

l
P ehP requires that the

treatment fee is larger than her costs for l-types but not too large so that her continuation

profits for h-types are not positive.

With PCP effort:

UP [(T,R)1e
h
P ] ≥ UP [(R,R)e

l
P ehP ] ⇐⇒ γP ≥ clP + ce (4.15)

UP [(T,R)1e
h
P ] ≥ UP [(T, T )

11] ⇐⇒ γP ≤ chP + ce −
β∆cP (1− phhP +∆p)

1 + β(1− pllP − phhP )
(4.16)

Without PCP effort:

UP [(T,R)0e
h
P ] ≥ UP [(R,R)e

l
P ehP ] ⇐⇒ γP ≥ clP (4.17)

UP [(T,R)0e
h
P ] ≥ UP [(T, T )

00] ⇐⇒ γP ≤ chP −
β∆cP (1− phhP )

1 + β(1− pllP − phhP )
(4.18)

Both pairs of conditions can be fulfilled at the same time respectively by a contract that just

covers the PCP’s treatment (and in the first case effort) costs for the treatment of l-types.

In order to incentivize effort, the PCP needs to make profits on l-types. This ensures that she

has an incentive to keep patients in the mild state.

UP [(T,R)1e
h
P ] ≥ UP [(T,R)0e

h
P ] ⇐⇒ γP ≥ clP +

ce(1− βpllP )

β∆p
(4.19)

Condition (4.19) shows that in order to incentivize PCP effort, it is not sufficient to only pay

her treatment and effort costs. Instead, a markup on these costs needs to be paid. Contin-

uation profits for treating l-types with effort rise more strongly in the treatment fee γP than

the continuation profits for treating l-types without effort. The reason for this is that effort

increases the expected amount of periods that a patient will be treated by the PCP. However,
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it is not possible to increase γP indefinitely because this would incentivize the PCP to not refer

h-types (see Condition (4.16)). The larger the cost differences between types are for the PCP

(∆cP ), the more room exists for increasing γP and, thus, for incentivizing effort. This effect is

only present due to the multi-period nature of the model. In a one-shot interaction, the PCP

would not have to consider the impact of her effort decision on future costs, and thus, paying

a markup on her costs would be ineffective for incentivizing effort. Proposition 3 (proof in

Appendix 4.A.4) describes when and how effort incentivization for MS is possible.

Proposition 3. In the solo practices, the treatment path in which both physicians treat l-

types and the specialist treats h-types (MS) can always be implemented as a (unique) MPE.

If and only if ce(<) ≤ c̃e
P , the PCP can be incentivized to provide effort and if and only if

ce(<) ≤ c̃e
S, the specialist provides effort.

In order for the PCP to provide effort, she needs to be paid a markup on both her treatment

and effort costs of l-types and the specialist can to be paid her expected treatment and effort

costs for the treatment of h-types:

γ∗P = clP +
ce(1− βpllP )

β∆p
,

γ∗S ≥ chS + ce −
β∆cS (1− phhS +∆p)

1 + β(1− pllS − phhS )
.

If effort can not be incentivized (ce > c̃e
S , c̃e

P ):

γ∗P = clP ,

γ∗S ≥ chS −
β∆cS (1− phhS )

1 + β(1− pllS − phhS )
.

Let ϵ > 0 be sufficiently small. The equilibria are unique for

γ∗P = clP +
ce(1− βpllP )

β∆p
+ ϵ,

γ∗S > chS + ce −
β∆cS (1− phhS +∆p)

1 + β(1− pllS − phhS )
,

respectively

γ∗P = clP + ϵ,

γ∗S > chS −
β∆cS (1− phhS )

1 + β(1− pllS − phhS )
.
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∆cP

ce

c̃e
P

c̃e
S

MS11/PP 1eS

MS10/SSeP 0/PP 1eS

MS01/SSeP 1/PP 0eS

MS00/PP 0eS

Figure 4.4.1: Potentially second-best outcomes in the solo practices.

Figure 4.4.1 summarizes the results from Propositions 2 and 3. It shows, depending on ∆ck

and ce, the set of potentially second-best outcomes in the four differently shaded areas. These

sets consist of PP , SS, and MS with PCP effort provision for ce ≤ c̃e
P and specialist effort

provision for ce ≤ c̃e
S . Note that given ce ≤ min(c̃e

S , c̃e
P ) or ce ≥ max(c̃e

S , c̃e
P ), blind

specialist treatment is not second-best optimal asMS dominates it (see Lemma 3). In the other

two areas either blind treatment or MS can be second-best optimal. Corollary 1 summarizes

the results for the solo practices.

Corollary 1. The first-best treatment path can not be implemented in the solo practices.

In addition to blind PCP or specialist treatment PP and SS, there is another potentially

second-best treatment path MS that can always be implemented. In this path the PCP acts as

a gatekeeper for patients in mild condition and only refers severely ill patients to the specialist

who continues treatment until the game ends.

4.4.3 Team Care

Physicians who work in a team coordinate their treatment and effort decisions via internal

profit-sharing rules. I assume that there is no asymmetric information between the physicians
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Table 4.4.2: All possible treatment paths (team), bold: first-best, single crossed-out:

not second-best optimal, double crossed-out: impossible to implement as a

unique equilibrium.

Specialist

(T, T ) (T,R) (R, T ) (R,R)

PCP

(T, T ) ���XXXMM ���XXXMP ���XXXPM PP

(T,R) ���XXXMS ���XXXMH PS PH

(R, T ) ���XXXSM SP ���XXXHM ���XXXMP

(R,R) SS SH HS HH

and that they can freely transfer profits between them. Thus, they maximize their joint

profit UT = UP + US and split it in some manner12. For each patient of the same type, the

continuation profit for the team (i.e. the sum of the continuation profits of both physicians)

is identical. Therefore, the physician team never strictly prefers a mixed treatment path (i.e.

a treatment path for which at least one patient type receives treatment from both physicians)

to a treatment path in which only one physician treats a certain patient type. Furthermore,

according to Condition (4.13), as long as the team makes a non-negative continuation profit

from each type, the team will never refer a patient to the hospital. This can be ensured by

setting treatment fees sufficiently high. Consequently, the possible treatment paths from Table

4.3.1 can be reduced to those in Table 4.4.2. These paths have in common that for each patient

type there is exactly one physician who provides treatment.

This subsection proceeds as follows. First, I derive under which conditions PS11 can be im-

plemented. Second, I derive second-best candidates given that PS11 can not be implemented.

Finally, I derive upper boundaries on L such that PS11 is first-best optimal and can be imple-

mented in the team.

Let us consider first the first-best outcome PS11. In order to implement it, after eliminating

12For example, they may use Nash Bargaining.
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all inactive incentive constraints (see Appendix 4.A.5), three constraints need to be fulfilled

PS11 ≥ SSeP 1 : (γS − chS)− (γP − clP ) ≤ −
[1 + β(1− pllP − phhS )]∆cS

1 + β(1− pllS − phhS )
(4.20)

PS11 ≥ PS00 : (γS − chS)− (γP − clP ) ≤ −
ce[1 + β(1− pllP − phhS )]

β∆p
(4.21)

PS11 ≥ PP 1eS : (γS − chS)− (γP − clP ) ≥ −
[1 + β(1− pllP − phhS )]∆cP

1 + β(1− pllP − phhP )
(4.22)

Condition (4.20) ensures that l-types are treated by the PCP. This is a lower bound on the

team’s profits when treating l-types. Condition (4.21) demonstrates that in order for the team

to provide effort, it is necessary that the team makes greater profits when the PCP treats

l-types rather than when the specialist treats h-types. Earning a markup for PCP treatment

relative to specialist treatment increases the continuation profits of the team when treating

l-types. Thus, they are incentivized to exert effort in order to increase the expected number

of l-types in future periods. Which of these two condition is more strict depends on the effort

costs ce and the difference in treatment costs between types for the specialist (∆cs). If ce ≤ c̃e
S ,

Condition (4.20) is stricter than (4.21). Otherwise, the opposite is true.

However, markups for PCP treatment may not be too large relative to the specialist’s markups.

Otherwise, the PCP treats all patients. Condition (4.22) ensures that this does not happen. All

three constraints can not always be fulfilled together. Proposition 4 (proof in Appendix 4.A.5)

describes how, and under which conditions, the first-best outcome PS11 can be implemented

in the team. Because Condition (4.22) is the only lower boundary on γS , the payer can simply

fulfill it exactly in order to implement the outcome whenever this is possible.

Proposition 4. The first-best treatment path (PS) can be implemented as a (unique) equilib-

rium in the team if and only if the difference in the expected treatment costs between mild and

severe cases is (strictly) larger for the PCP than the specialists:

∆cP (>) ≥ ∆̃cP :=
∆cS [1 + β(1− pllP − phhP )]

1 + β(1− pllS − phhS )
. (4.23)

Then, if and only if effort costs are low enough, i.e.

ce(<) ≤ c̃e
P , (4.24)
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the following contract implements PS11:

γ∗P = clP + ce +
β∆cP (1− pllP −∆p)

1 + β(1− phhP − pllP )

γ∗S = chS + ce −
β∆cP (1− phhS +∆p)

1 + β(1− phhP − pllP )

Let ϵ > 0 be sufficiently small. Then, the following contract implements PS11 as a unique

equilibrium:

γ∗P = clP + ce +
β∆cP (1− pllP −∆p)

1 + β(1− phhP − pllP )
− ϵ

γ∗S = chS + ce −
β∆cP (1− phhS +∆p)

1 + β(1− phhP − pllP )

According to Proposition 4, given that Conditions (4.23) and (4.24) hold, the first-best outcome

PS11 can be implemented by paying the PCP a markup on her costs and paying below-cost fees

to the specialist. This ensures that the team does not shift care towards the more expensive

specialist and that the team exerts effort because they benefit from a patient in mild condition.

Furthermore, the team’s continuation profits for h-types are set to zero.

Condition (4.23) requires that the difference in expected costs when continuously treating an

l-type patient rather than an h-type patient is larger for the PCP than the specialist. In this

case the PCP has the (expected) relative cost-advantage when treating l-type patients, and

the specialist has the relative cost-advantage when treating h-type patients. If, conversely, the

specialist has the relative cost advantage for treating l-types, the team is only willing to provide

specialist care to h-types if the payment for specialist care is large. In this case, however, l-type

patients are also treated by the specialist and, thus, the first-best outcome is not implemented.

Condition (4.24) requires that effort costs are lower than the expected cost differences between

the patient types for the PCP. This is necessary because effort is incentivized by a markup

on PCP care. The larger the effort costs are, the larger is the markup required to incentivize

effort. However, if the expected cost differences between types are small for the PCP, the team

shifts care of h-types towards the PCP rather than exerting effort.

The second-best outcomes in the team are depicted in Figure 4.4.2. If the PCP has the relative

cost-advantage for l-types (∆cP > ∆̃cP ), treatment path PS can always be implemented.
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∆cP

ce

c̃e
P

∆̃cP

c̃e
S

PS11
PS00

PP 1eS/SSeP 1

PP 0eS/SP 11/SSeP 1
PP 0eS/SSeP 0

Figure 4.4.2: Second-best implementation in the team if pllP ≥ pllS.

For low enough effort costs, the first-best outcome PS11 is implemented. If PS11 can not

be implemented because effort costs are too large, PS00 can be implemented instead (see

Appendix 4.A.5). The alternative to implementing PS00 is to implement one of the blind

outcomes without effort. Thus, according to Lemma 3, implementing PS00 is always second-

best optimal. If the specialist has the relative cost-advantage for l-types (∆cP < ∆̃cP ), either

blind treatment or SP 11 can be second-best. Details are discussed in Appendix 4.A.6.

So far I have considered whether PS11 can be implemented by the payer. However, the first-

best can not be implemented whenever this is desirable, i.e. whenever Conditions (4.4) to (4.6)

are fulfilled. Here, a large health loss L is problematic. If L = 0, the cost-minimizing outcome

is first-best optimal. A simple flat fee γP = γS implements it in the team. However, with

growing L the first-best benchmark is influenced more by concern for the patient’s health and

less by cost considerations. Thus, the strong focus on cost reduction in the team turns into a

disadvantage. Differing markups for PCP and specialist can alleviate but not necessarily solve

this problem by partly internalizing patient health losses. In Subsection 4.5.1 I consider the

additional problems that emerge when fees have to be flat. Proposition 5 (proof in Appendix

4.A.7) shows a sufficient condition under which PS11 can be implemented in the team for all

feasible parameters.

Proposition 5. Let λ∗ be the set of parameter combinations satisfying Conditions (4.4) to
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(4.6). The first-best outcome PS11 can be implemented in the team for all λ ∈ λ∗ that satisfy

L ≤ min(L1, L2) with

L1 := [1 + β(1− pllP − phhP )]

(
chS − chP

β(phhP − phhS )
− ∆cS

1 + β(1− pllS − phhS )

)
,

L2 := clP − chS +
∆cP (1 + β(1− pllP − phhS ))

1 + β(1− pllP − phhP ))
.

Conversely, if L > min(L1, L2), there exist λ ∈ λ∗ such that PS11 can not be implemented in

the team.

Corollary 2 summarizes the results for the team.

Corollary 2. Providing chronic care in a team can incentivize appropriate referrals between

physicians if the PCP has the relative cost-advantage for treating patients in mild condition.

If effort costs are low compared to the difference in the PCP’s expected cost of care between

severely ill and mildly ill patients, effort can be incentivized as well. In this case, markups for

the PCP’s treatment of mildly ill patients and below-cost fees for the specialist incentivizes the

team to play the first-best strategies.

If and only if the health losses from the severe conditions are sufficiently small, the first-best

can always be implemented in the team.

4.4.4 Optimal Organization of Care

Comparing the second-best outcomes from solo practice care and team care yields the results

depicted in Figure 4.4.3. If the PCP has the strict relative cost-advantage when treating l-types

(∆cP > ∆̃cP ) the first-best treatment path can always be implemented in the team but not

in the solo practices. Furthermore, the physicians always provide effort if they provide effort

under solo practice care. Thus, team care strictly dominates solo practice care.

Conversely, if the specialist has the strict relative cost-advantage when treating l-types (∆cP <

∆̃cP ), there is an adverse incentive for the specialist to treat the mildly ill patients instead of,
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∆cP

ce

c̃e
P

∆̃cP

c̃e
S

Team

Solo
Solo

Figure 4.4.3: Second-best optimal organization of care (dots: weak dominance for solo

practices, lines: strict dominance for the team, no pattern: no general

dominance relation)

or in addition to, the patients in severe condition. In the solo practices this incentive is isolated

on the specialist, whereas in the team this incentive also affects the PCP. Thus, only the blind

treatment paths PP and SS or, if c̃e
P < ce < c̃e

S , the reversed first-best path SP will be

implemented in the team. Not being able to implement PS11 is problematic if this outcome

is first-best optimal given ∆cP < ∆̃cP , which is the case only if the health loss in the severe

condition L is sufficiently large (L > L1, see Appendix 4.A.7).

In the solo practices the payer can potentially improve on the team’s outcomes. In addition to

implementing the blind outcomes it is possible to incentivize the PCP to treat only patients in

mild condition and to incentivize the specialist to treat all referred patients (treatment path

MS). In the team it is not possible to implement this path. Therefore, if ce < c̃e
P or ce > c̃e

S ,

the set of implementable outcomes is larger in the solo practices than in the team. Thus, solo

practice care weakly dominates team care in this case.

Strict superiority of solo practice care can also be demonstrated for some parameters. Let

∆cP < ∆̃cP . If ce < c̃e
P , either MS11 or PP 1eS are second-best optimal. If ce > c̃e

S , either

MS00 or PP 0eS are second-best optimal. Whenever MS is strictly optimal, the solo practices

are strictly superior to the team. As shown in Appendix 4.A.8, MS is strictly superior to
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PP whenever the PCP’s treatment costs for treating h-types are sufficiently large. Thus,

cooperation between physicians is not desirable for the payer in this case. If c̃e
P < ce < c̃e

S ,

no dominance relationship between organizational forms can be established for all parameters

because outcome SP 11 can not be implemented in the solo practices. However, as shown via

simulation in Appendix 4.A.8, there also exist parameters in this case such that solo practice

care is strictly superior to team care.

To illustrate the case in which solo practice care strictly dominates team care, consider the

following example. Let specialist care of high-severity patients be both necessary (L very large,

phhS << phhP ) and expensive (chS large). Note that in this case, it is likely that the specialist

has the relative cost-advantage for l-types. If so, and if additionally the PCP only has a slight

advantage when treating l-types (clP ≈ clS , p
ll
S ≈ pllP ), MS will be strictly superior to PP for

levels of chP that are sufficiently large but not large enough to shift the relative cost-advantage

for l-types to the PCP. Figures 4.A.1 and 4.A.2 in Appendix 4.A.8 showcase this example by

means of simulation. Proposition 6 summarizes the main results of this paper.

Proposition 6. Team care is (strictly) superior to solo practice care (given that Conditions

(4.4) to (4.6) hold strictly) if the PCP has the relative cost advantage for treating patients in

mild condition, i.e. ∆cP > ∆̃cP . Otherwise, if ∆cP < ∆̃cP and ce < c̃e
P or ce > c̃e

S , solo

practice care is weakly superior to team care. In this case, if the PCP’s costs for treating

h-types is sufficiently large, solo practice care is strictly superior to team care. A necessary

condition for solo practice superiority is that health losses in severe condition are sufficiently

large, L > L1.

4.5 Extensions

4.5.1 Flat Fee in the Team

In this Subsection I consider the effects of paying a flat periodical treatment fee to the physician

team, i.e. a fee that is not differentiated by the type of physician who provided treatment during
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the period (γP = γS). This is relevant if practices are paid in bundled, periodical payments for

the provision of both primary and specialty care. Naturally, we can expect to implement the

first-best outcome in a smaller parameter region than before because the optimization problem

includes an additional condition. In fact, the size of the flat fee does not impact incentives

in the team because the team’s behavior is influenced only by the difference in treatment

fees between physicians (see Conditions (4.20) to (4.22)). The solo practices are still paid by

treatment fees that may differ. Consequently, solo practices perform relatively better against

the team than before.

Hospital treatment can be prevented by paying sufficiently large flat fees. After eliminating

all non-binding incentive constraints, the following constraints remain in order for PS11 to be

played:

UT (PS11) ≥ UT (PS00) ⇐⇒ ce ≤
∆pβ(c

h
S − clP )

1 + β(1− pllP − phhS )
(4.25)

UT (PS11) ≥ UT (PP 1eS ) ⇐⇒ chS − chP ≤
(phhP − phhS )β(chP − clP )

1 + β(1− pllP − phhP )
(4.26)

UT (PS11) ≥ UT (SS
eP 1) ⇐⇒ clS − clP ≥

(pllS − pllP )β(c
h
S − clP )

1 + β(1− pllP − phhS )
(4.27)

Note that these conditions are identical to the first-best Conditions (4.4) to (4.6) given that

L = 0. Thus, the team minimizes expected treatment costs without internalizing the patient’s

health loss. Inefficient treatment is thus provided if and only if providing PS11 is not cost-

minimizing but still socially efficient due to patient health losses. PS00 is played if Condition

(4.25) holds with flipped inequality. Providing effort to one type but not the other is always

weakly dominated by providing effort for both types or not providing effort for either type.

Condition (4.27) states that the additional costs of specialist treatment are greater than any

cost savings from specialist treatment that accrue in the future. This is already implied by

first-best Condition (4.6). Because fees are flat, the team would only use expensive specialists

treatment for l-types, if specialist treatment is much superior to PCP treatment. In this case,

however, specialist treatment for l-types would be preferred by the payer because the payer

also considers the health benefits of the patient. As shown in Appendix 4.A.9, SP is also never

played in the team with flat fees. Thus, specialist over-treatment is not an issue.
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∆cP

ce

c̃e
P

∆̃cP

∆̄cP

c̃e
S

PS11 PS00

PP 1eS PP 0eS

c̄e

Figure 4.5.1: Outcomes in the team with flat fees (γP = γS).

Let the minimum ce implied by Condition (4.25) be defined as c̄e and the maximum ∆cP

implied by Condition (4.26) as ∆̄cP , i.e.

c̄e :=
∆pβ(c

h
S − clP )

1 + β(1− pllP − phhS )

∆̄cP :=
(chS − chP )[1 + β(1− pllP − phhP )]

β(phhP − phhS )
.

Figure 4.5.1 depicts the outcomes in the team given flat fees. We can make the following

observations in Lemma 4 (follows directly from Conditions (4.6) & (4.5)).

Lemma 4. Compared to the optimal treatment fees, under flat fees, a larger difference in

expected treatment costs for the PCP is necessary in order to implement the first-best outcome

PS11:

∆̄cP ≥ ∆̃cP

Given that implementing treatment path PS is cost-efficient (∆cP ≥ ∆̄cP ), effort is imple-

mented only for lower effort costs:

c̄e ≤ c̃e
P

with

c̄e = c̃e
P if ∆cP = ∆̄cP .
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∆cP

ce

c̃e
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∆̃cP

∆̄cP

c̃e
S c̄e

Team

Solo

Team

Figure 4.5.2: Second-best optimal organization of care given γP = γS: weak dominance

for solo practices (dots), strict dominance for the team (lines), no general

dominance relation (no pattern)

Furthermore, if ∆̄cP < ∆̃cP , only blind PCP treatment is provided.

Lemma 4 and Figure 4.5.1 highlight the three problems that exist when fees are flat. Firstly,

for ∆cP ∈ [∆̃cP , ∆̄cP ], the treatment fee for the PCP is too large compared to the specialist’s

fee. The result is too little specialist treatment. This could have been prevented by a relative

increase in the specialist’s fee. Secondly, SP 11 can not be implemented anymore. Consequently,

as Figure 4.5.2 shows, the area for which solo practices weakly dominate team care is increased.

Thirdly, for ∆cP ≥ ∆̄cP and ce ∈ [c̄e, c̃e
P ], the treatment fee for the PCP is too small compared

to the specialist’s fee. The result of this is an undersupply of effort, which could have been

prevented by a relative increase in the PCP’s fee.

As Figure 4.5.2 shows, team care does not strictly dominate solo practices for all parameters

given ∆cP > ∆̄cP . Instead, there exists a parameter region ce ∈ [c̄e, c̃e
P ], in which the team

plays PS00 and the solo practices play either PP 1eS or MS10. Depending on the exact pa-

rameters, either organizational form may perform better. Here, the team has the advantage

for the referral efficiency, while the solo practices can provide larger PCP effort. Proposition

7 summarizes the results.
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Proposition 7. Let teams be paid by flat fees and solo practices by differing fees. Then the

following observations can be made.

1. Solo practices weakly dominate team care whenever treatment path PS is not cost-

efficient (∆cP < ∆̄cP ).

2. Given that PS is cost-efficient, team care (strictly) dominates solo practice care (given

that Conditions (4.4) to (4.6) hold strictly), except when effort costs are moderate (ce ∈

[c̄e, c̃e
P ]). In this case, neither organizational form is dominant for all parameters.

4.5.2 Physician Altruism

Let us now consider how the main result of Section 4.4 changes if physicians are partially

altruistic. As in the seminal model of Ellis and T. G. McGuire (1986) physicians are assumed

to consider the patient’s benefit in addition to their own profits. In order to ensure a fair com-

parison between the organizational settings, I assume that both physicians and the physician

team internalize patient benefit to the same degree α which is commonly known, i.e. the solo

practice physicians’ continuation utility is

uxαk (s) = −αL(s, x) + Γk(s, x)− Ck(s, x) + β
∑
x̃∈X

p(x̃|s, x)ux̃αk (s), x ∈ X (4.28)

and the discounted expected utility in period t = 0 is

Uα
k (s) = Fk + l0Pu

lPα
k (s) + l0Su

lSα
k (s) + h0Pu

hPα
k (s) + h0Su

hSα
k (s). (4.29)

For the team, continuation utility is

uxαT (s) =− αL(s, x) + ΓP (s, x) + ΓS(s, x)− C(s, x)+

β
∑
x̃∈X

p(x̃|s, x)ux̃αT (s), x ∈ X
(4.30)

and the discounted expected utility in period t = 0 is

Uα
T (s) = FT + l0Pu

lPα
T (s) + l0Su

lSα
T (s) + h0Pu

hPα
T (s) + h0Su

hSα
T (s). (4.31)

I assume, for simplicity, that solo practice physicians are indifferent between the other physician

or the hospital treating a patient. Using the following two-step argument I will show that
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physician altruism increases the set of parameters for which the team weakly dominates the

solo practices in terms of social welfare.

1. If the team acts in an altruistic manner, the parameter region in which PS can be imple-

mented grows.

2. Given that PS can be implemented in the team, effort is always as least as large in the

team as it is in the solo practices.

Consider step 1 first. Including altruism changes Conditions (4.20) to (4.22) for the implemen-

tation of PS11 to:

PS11 ≥ SSeP 1 : (γS − clS)− (γP − clP ) ≤
(pllP − pllS)β(αL+∆cS )

1 + β(1− pllS − phhS )
(4.32)

PS11 ≥ PS00 : (γS − chS)− (γP − clP ) ≤ αL−
ce[1 + β(1− pllP − phhS )]

β∆p
(4.33)

PS11 ≥ PP 1eS : (γS − chS)− (γP − chP ) ≥ −
(phhP − phhS )β(αL+∆cP )

1 + β(1− pllP − phhP )
(4.34)

If ce ≤ c̃e
Sα with

c̃e
kα :=

∆pβ(αL+∆ck)

1 + β(1− pllk − phhk )
, k ∈ {P, S},

Condition (4.32) is stricter than (4.33). Otherwise, the opposite is true. PS can be imple-

mented if and only if Conditions (4.32) and (4.34) can be fulfilled simultaneously:

c̃e
Pα ≥ c̃e

Sα ⇐⇒
∆cP + αL

1 + β(1− pllP − phhP )
≥ ∆cS + αL

1 + β(1− pllS − phhS )
.

As assumed, the specialist has a stronger treatment advantage for h-types: phhP −phhS > pllS−pllP .

Thus follows step 1.:

∆̃cP > ∆̃α
cP

:=
(∆cS + αL)[1 + β(1− pllP − phhP )]

1 + β(1− pllS − phhS )
− αL

Then, if effort costs are low enough, i.e. ce ≤ c̃e
Pα, PS11 can be implemented. Otherwise,

PS00 can be implemented.

Figure 4.5.3 illustrates the result. Compared to the case without altruism, the area in which

PS (especially PS11) can be implemented grows. For ∆cP < ∆̃α
cP
, only blind treatment paths

101



Chapter 4. Should Physicians Team Up to Treat Chronic Diseases?

∆cP
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Figure 4.5.3: Second-best implementation in the altruistic team: crosshatch pattern =

PP 0eS/SP 11/SSeP 1

or SP 11 can be implemented second-best optimally. In the special case α = 1, the first-best

can be always be implemented by a flat fee γP = γS .

It remains to be proven that in the solo practices effort is provided only if ce ≤ c̃e
Pα for any

treatment path. This is done in Appendix 4.A.10. In particular, PS11 can not be implemented

for

ce > ∆c̃e
P :=

∆pαLβ

1 + β(1− pllP − phhP )
= c̃e

Pα − c̃e
P .

It follows Proposition 8. Figure 4.5.4 visualizes the proposition.

Proposition 8. If physicians are altruistic, the set of parameters for which the team weakly

dominates the solo practices in terms of social welfare is increased. Furthermore, if

ce ∈ (∆c̃e
P , c̃e

Pα),

the team strictly dominates the solo practices given that Conditions (4.4) to (4.6) hold strictly.

This result can be interpreted in the following way. With increasing altruism, the team inter-

nalizes the patient’s health loss. As there is no coordination problem between the physicians,

the outcome approaches the first-best. In contrast, in the solo practices the coordination

problem remains.

102



4.6. Conclusion
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Figure 4.5.4: Second-best optimal organization of care for altruistic physicians (vertical

lines: strict team dominance, horizontal lines: weak team dominance, dots:

weak solo practice dominance, no pattern: no general dominance relation)

4.6 Conclusion

This paper studies the referral and effort provision of two physicians, a PCP and a specialist,

who are responsible for treatment of chronically ill patients. I compare two organizational

forms, solo practices and a physician team. In both organizational forms non-contractible effort

can be incentivized for profit-maximizing physicians if effort costs are low enough. Effort can

be incentivized because in this paper’s dynamic setting effort provision today lowers physicians’

future costs. If physicians are profit-maximizers, an optimal flow of patients between physicians

(patients in mild conditions receive treatment from the PCP and patients in severe condition

receive treatment from the specialist) can only be achieved in the team. However, it is necessary

that the expected treatment cost differences between the patient types are relatively large for

the PCP and small for the specialist, i.e. the PCP must have the relative cost-advantage when

treating patients in mild condition. In this case, the first-best outcome is implemented by

above-cost treatment fees for PCP treatment and below-cost fees for specialist treatment.

Consider the converse case in which the specialist has the relative cost advantage. If effort costs

are either sufficiently small or sufficiently large, social welfare in the solo practice care is weakly
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superior to team care. For medium levels of effort there is a trade-off between better referral

efficiency in the solo practices and higher effort in the team. Organizing physicians in solo

practices allows the PCP to act as a gatekeeper, who treats all patients in mild condition until

they are severely ill. Once they are severely ill, the PCP refers the patients to the specialist,

who continues treatment. If the PCP’s treatment costs for severely ill patients are sufficiently

large, this gatekeeping outcome is strictly superior to all outcomes in the team. Thus, solving

the coordination problem by organizing the physicians in a team does not necessarily enhance

social welfare. A necessary condition for the superiority of solo practices is that health losses

in severe condition are sufficiently large. Otherwise, the first-best can always be implemented

in the team. For small health losses, profit-orientation of physicians is less of an issue, whereas

the coordination problem remains, which is solved in the team but not the solo practices.

Let us turn to the extensions of the model. If treatment fees in the team are flat, solo practice

care is weakly superior to team care if the first-best treatment path is not cost-minimizing.

Furthermore, if the first-best treatment path is cost-minimizing, the team does not dominate

the solo practices for medium levels of effort because effort incentives are stronger in the

solo practices. Altruistic physicians were considered as a second extension. If physicians are

partially altruistic, team care weakly dominates solo practice care for a greater parameter

region. If they are perfectly altruistic, the first-best can always be implemented in the team.

Several policy implications follow from the analysis presented in this paper. Firstly, organizing

physicians in separate solo practices may be superior to organizing them in a team. This is

likely to be the case if both the costs and benefits of specialist treatment for severely ill patients

are large. Secondly, regardless of organizational form, markups on PCP treatment can enhance

effort provision. If, however, a team specialist generates most of the team’s profits, this can

have an adverse effect on effort provision because the team profits more from sick rather than

healthy patients. In some physician teams and hospitals, PCPs have taken on the role of a

loss-leader. Their main contribution to the team’s profits is to refer patients to specialists for

more costly procedures. According to model presented in this paper, this type of arrangement

may lead to inferior care because effort incentives are muted and over-referral of patients in

incentivized.
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The main innovation of this paper is that it considers agency problems regarding referrals and

effort provision in a dynamic framework. Because this paper focuses on the efficiency of differ-

ent organizational forms of care, a simplified payment system is used. Future work could allow

for more complexity. For example, the length of stay of the patient at a physician provides

information on the state of the patient. Thus, the payer could use it as a basis for the size

of treatment fees. Alternatively, the payer could consider a budgeted system. Furthermore,

capacity constraints of physicians, diagnostic uncertainty, and informational asymmetries be-

tween the physicians regarding the type of the patient could be studied.
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Appendices

4.A Proof of Propositions and Lemmas

A general note: When calculating expected welfare or profit between different strategies s,

it is sufficient to only consider states whose continuation welfare/profit is different between

strategies. For the sake of brevity I may omit states for which there is no such difference. The

symbolic math toolbox of MATLAB (2016) was used in the calculation of the proofs.

4.A.1

Proof for Lemma 2 (First-best conditions):

Proof. I consider all possible outcomes of the game and show that, given Conditions (4.4) to

(4.6), PS11 yields greater or equal expected welfare for any initial distribution of patients.

Optimal treatment effort:

First, I consider the condition under which providing effort is optimal given that PCPs treat

l-types and specialists treat h-types. The system of equations for the continuation welfare of
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PSeP eS in all states x ∈ X are given by:

W lP
PSeP eS = −clP − eP ce + β[(pllP + eP∆p)W

lP
PSeP eS + (1− pllP − eP∆p)W

hS
PSeP eS ]

W lS
PSeP eS = W lP

PSeP eS

W hP
PSeP eS = W hS

PSeP eS

W hS
PSeP eS = −L− chS − eSce + β[(phhS − eS∆p)W

hS
PSeP eS + (1− phhS + eS∆p)W

lP
PSeP eS ]

Solving this system leads to the following continuation welfare:

W lP
PS11 = W lS

PS11 =

−β(1−pllP−∆p)(L+chS−clP )

1+β(1−pllP−phhS )
− clP − ce

1− β

W hP

PS11 = W hS

PS11 =

−(1−βpllP−β∆p)(L+chS−clP )

1+β(1−pllP−phhS )
− clP − ce

1− β

Analogously, solving the systems for the other combinations of effort levels leads to continuation

welfare:

W lP
PS10 = W lS

PS10 =

(1−βphhS )(L+chS−clP−ce)

1+β(1−pllP−phhS −∆p)
− L− chS

1− β

W hP

PS10 = W hS

PS10 =

β(1−phhS )(L+chS−clP−ce)

1+β(1−pllP−phhS −∆p)
− L− chS

1− β

W lP
PS01 = W lS

PS01 =

−β(1−pllP )(L+chS−clP+ce)

1+β(1−pllP−phhS +∆p)
− clP

1− β

W hP

PS01 = W hS

PS01 =

−(1−βpllP )(L+chS−clP+ce)

1+β(1−pllP−phhS +∆p)
− clP

1− β

W lP
PS00 = W lS

PS00 =

−β(1−pllP )(L+chS−clP )

1+β(1−pllP−phhS )
− clP

1− β

W hP

PS00 = W hS

PS00 =

−(1−βpllP )(L+chS−clP )

1+β(1−pllP−phhS )
− clP

1− β

It follows

EW (PS11) ≥ EW (PS10) ⇐⇒ W lP
PS11 ≥ W lP

PS10 ⇐⇒ W hS

PS11 ≥ W hS

PS10 ⇐⇒

EW (PS11) ≥ EW (PS01) ⇐⇒ W lP
PS11 ≥ W lP

PS01 ⇐⇒ W hS

PS11 ≥ W hS

PS01 ⇐⇒

EW (PS11) ≥ EW (PS00) ⇐⇒ W lP
PS11 ≥ W lP

PS00 ⇐⇒ W hS

PS11 ≥ W hS

PS00 ⇐⇒

ce ≤
∆pβ(L+ chS − clP )

1 + β(1− pllP − phhS )
.
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Clearly, varying a physician’s effort level for a patient type that she does not treat, has no

impact on expected welfare. These cases are omitted here.

For the remaining outcomes the procedure is analogous. I will present them in an abridged

manner.

PS vs. PP :

If effort provision is efficient for one patient type, it is efficient for the other type as well:

EW (PP 11elSe
h
S ) ≥ EW (PP 10elSe

h
S ) ⇐⇒ EW (PP 11elSe

h
S ) ≥ EW (PP 01elSe

h
S ) ⇐⇒

EW (PP 11elSe
h
S ) ≥ EW (PP 00elSe

h
S ) ⇐⇒ ce ≤

∆pβ(L+ chP − clP )

1 + β(1− pllP − phhP )

EW (PP 00elSe
h
S ) ≥ EW (PP 10elSe

h
S ) ⇐⇒ EW (PP 00elLe

h
S ) ≥ EW (PP 01elSe

h
S ) ⇐⇒

EW (PP 00elSe
h
S ) ≥ EW (PP 11elSe

h
S ) ⇐⇒ ce ≥

∆pβ(L+ chP − clP )

1 + β(1− pllP − phhP )

Therefore, only PP 1eS and PP 0eS need consideration.

EW (PS11) ≥ EW (PP 1eS ) ⇐⇒ EW (PS00) ≥ EW (PP 0eS )

⇐⇒ chS − chP ≤
(phhP − phhS )β(L+ chP − clP )

1 + β(1− pllP − phhP )

PS vs. SS:

If effort provision is efficient for one patient type, it is efficient for the other type as well:

EW (SSelP ehP 11) ≥ EW (SSelP ehP 10) ⇐⇒ EW (SSelP ehP 11) ≥ EW (SSelP ehP 01) ⇐⇒

EW (SSelP ehP 11) ≥ EW (SSelP ehP 00) ⇐⇒ ce ≤
∆pβ(L+ chS − clS)

1 + β(1− pllS − phhS )

EW (SSelP ehP 00) ≥ EW (SSelP ehP 10) ⇐⇒ EW (SSelP ehP 00) ≥ EW (SSelP ehP 01) ⇐⇒

EW (SSelP ehP 00) ≥ EW (SSelP ehP 11) ⇐⇒ ce ≥
∆pβ(L+ chS − clS)

1 + β(1− pllS − phhS )

Therefore, only SSeP 1 and SSeP 0 need consideration.

EW (PS11) ≥ EW (SSeP 1) ⇐⇒ EW (PS00) ≥ EW (SSeP 0)

⇐⇒ clS − clP ≥
(pllS − pllP )β(L+ chS − clP )

1 + β(1− pllP − phhS )
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PS vs. PM : First note that if PCP effort provision in PM is efficient for one of the types, it

must be efficient for the other as well. This is so because the continuation welfare of PM is

identical to that of PP for any patient who is treated by the PCP. Therefore, it is sufficient to

consider only cases in which physicians either provide effort to all patient types they receive

or none.

EW (PS11) ≥ EW (PM11) ⇐⇒ EW (PS00) ≥ EW (PM00)

⇐⇒ chS − chP ≤
(phhP − phhS )β(L+ chP − clP )

1 + β(1− pllP − phhP )

If EW (PM11) ≥ EW (PM10), EW (PS11) ≥ EW (PM10) follows immediately. Let instead

EW (PM10) ≥ EW (PM11). This implies a lower boundary ce ≥ ĉe with

ĉe :=
∆pβ{L− clP + chS − β(1− pllP −∆p)(L+ chP − clP )(1 + β[1− pllp − phhP ])}

1− β(phhS −∆p)
.

Further,

EW (PS10)−EW (PM10) =

β2(1− phhS )(1− pllP −∆p)(L+ chP − clP )(1 + β[1− pllP − phhP ])

(1− β)(1− βphhS )
−

β2(1− phhS )(1− pllP −∆p)(L− clP + chS − ce)(1 + β[1− pllP − phhS −∆p])

(1− β)(1− βphhS )

=⇒ ∂(EW (PS10)−EW (PM10))

∂ce
> 0.

Thus, if PS10 is superior to PM10 for some level of ce, it is also superior for any larger level.

Inserting ĉe delivers

EW (PS11) ≥ EW (PM11) =⇒ EW (PS10) ≥ EW (PM10).

An analogue argument shows that

EW (PS11) ≥ EW (PM11) =⇒ EW (PS01) ≥ EW (PM01).

PS vs. MS: An analogue argument applies as in the previous case.

PS vs. MM : MM is weakly dominated by the set of all other outcomes due to the linearity

of costs and benefits.

PS vs. SP :
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First note that SP 11 and SP 00 are superior to SP 10 and SP 01:

EW (SP 11) ≥ EW (SP 10) ⇐⇒ EW (SP 11) ≥ EW (SP 01)

⇐⇒ EW (SP 11) ≥ EW (SP 00) ⇐⇒ ce ≤
∆pβ(L+ chP − clS)

1 + β(1− pllS − phhP )

EW (SP 00) ≥ EW (SP 10) ⇐⇒ EW (SP 00) ≥ EW (SP 01)

⇐⇒ EW (SP 00) ≥ EW (SP 11) ⇐⇒ ce ≥
∆pβ(L+ chP − clS)

1 + β(1− pllS − phhP )

Thus, it is sufficient to show the superiority of PS11 over SP 11 and SP 00. SP eP eS is dominated

by the blind outcomes:

EW (PP 1eS ) ≥ EW (SP 11) ⇐⇒ EW (PP 0eS ) ≥ EW (SP 00) ⇐⇒

L+ chP − clP
1 + β(1− pllP − phhP )

≥
L+ chP − clS

1 + β(1− pllS − phhP )

If pllP ≥ pllS , this condition is always fulfilled. Otherwise, it bounds L from above. Further,

EW (SSeP 1) ≥ EW (SP 11) ⇐⇒ EW (SSeP 0) ≥ EW (SP 00) ⇐⇒

L ≥ clS − chP −
(chP − chS)[1 + β(1− pllS − phhP )]

β(phhP − phhS )
.

One of the conditions is fulfilled if

chS − chP
phhP − phhS

≤
clS − clP
pllS − pllP

.

This is just Condition (4.7). As PS11 is superior to both PP eP eS and SSeP eS , it follows

PS11 ≥ SP eP eS .

PS vs. SM :

First note that if specialist effort provision in SM is efficient for one of the types, it must be

efficient for the other as well. This is so because the continuation welfare of SM is identical

to that of SS for any patient who is treated by the specialist. Therefore, it is sufficient to

consider only cases in which physicians either provide effort to all patient types they receive

or none.
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SM eP eS is dominated:

EW (SSeP 1) ≥ EW (SM11) ⇐⇒ chS − chP ≤
(phhP − phhS )β(L+ chP − clS)

1 + β(1− pllS − phhP )

EW (SP 11) ≥ EW (SM11) ⇐⇒ chS − chP ≥
(phhP − phhS )β(L+ chP − clS)

1 + β(1− pllS − phhP )

EW (SSeP 0) ≥ EW (SM10) ⇐⇒ chS − chP − ce ≤
(phhP − phhS −∆p)β(L+ chS − clS)

1 + β(1− pllS − phhS )

EW (SP 10) ≥ EW (SM10) ⇐⇒ chS − chP − ce ≥
(phhP − phhS −∆p)β(L+ chS − clS)

1 + β(1− pllS − phhS )

EW (SSeP 1) ≥ EW (SM01) ⇐⇒ chS − chP + ce ≤
(phhP − phhS +∆p)β(L+ chS − clS)

1 + β(1− pllS − phhS )

EW (SP 01) ≥ EW (SM01) ⇐⇒ chS − chP + ce ≥
(phhP − phhS +∆p)β(L+ chS − clS)

1 + β(1− pllS − phhS )

EW (SSeP 0) ≥ EW (SM00) ⇐⇒ chS − chP ≤
(phhP − phhS )β(L+ chS − clS)

1 + β(1− pllS − phhS )

EW (SP 00) ≥ EW (SM00) ⇐⇒ chS − chP ≥
(phhP − phhS )β(L+ chS − clS)

1 + β(1− pllS − phhS )

As PS11 is superior to PP eP eS and SSeP eS , and SP eP eS , it follows PS11 ≥ SM eP eS .

PS vs. MP : An analogue argument applies as in the previous case.

The proof for the strict superiority of PS11 follows by replacing inequalities with strict in-

equalities.

4.A.2

Proof for Lemma 3 (welfare ordering):
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Proof. Part 1:

EW (PS11) ≥ EW (PM11) ⇐⇒ EW (PS00) ≥ EW (PM00)

EW (PM11) ≥ EW (PP 1eS ) ⇐⇒ EW (PM00) ≥ EW (PP 0eS )

⇐⇒ chS − chP ≤
(phhP − phhS )β(L+ chP − clP )

1 + β(1− pllP − phhP )

EW (PS11) ≥ EW (MS11) ⇐⇒ EW (PS00) ≥ EW (MS00)

EW (MS11) ≥ EW (SSeP 1) ⇐⇒ EW (MS00) ≥ EW (SSeP 0)

⇐⇒ clS − clP ≥
(pllS − pllP )β(L+ chS − clP )

1 + β(1− pllP − phhS )

The part of the Proposition concerning strict inequality follows analogously.

Part 2: The dominance of PP and SS over MP and SM has been demonstrated in Appendix

4.A.1 already. In treatment path MM one part of the patients receives continuous PCP

treatment and the other part receives continuous specialist treatment. Clearly, either PP or

SS is weakly preferred by the payer.

4.A.3

Proof for Proposition 2 (implementation of blind treatment paths):

Proof. The system of equations for the continuation profit for the PCP of PP elP ehP elSe
h
S in all

states x ∈ X are given by:

ulPP = −clP − elP ce + β[(pllP + elP∆p)u
lP
P + (1− pllP − elP∆p)u

hP
P ]

ulSP = ulPP

uhP
P = −chP − ehP ce + β[(phhP − ehP∆p)u

hP
P + (1− phhP + ehP∆p)u

lP
P ]

uhS
P = uhP

P
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Solving this system leads to continuation profits:

ulPP (PP 11elSe
h
S ) = ulSP =

γP − ce − clP
1− β

−
β(chP − clP )(1− pllP −∆p)

(1− β)[1 + β(1− pllP − phhP )]

uhP
P (PP 11elSe

h
S ) = uhS

P =
γP − ce − clP

1− β
−

(chP − clP )(1− βpllP − β∆p)

(1− β)[1 + β(1− pllP − phhP )]

ulPP (PP 10elSe
h
S ) = ulSP =

γP − chP
1− β

−
(ce − chP + clP )(1− βphhP )

(1− β)[1 + β(1− pllP − phhP −∆p)]

uhP
P (PP 10elSe

h
S ) = uhS

P =
γP − chP
1− β

−
β(ce − chP + clP )(1− phhP )

(1− β)[1 + β(1− pllP − phhP −∆p)]

ulPP (PP 01elSe
h
S ) = ulSP =

γP − clP
1− β

−
β(ce + chP − clP )(1− phhP )

(1− β)[1 + β(1− pllP − phhP −∆p)]

uhP
P (PP 01elSe

h
S ) = uhS

P =
γP − clP
1− β

−
(ce + chP − clP )(1− βpllP )

(1− β)[1 + β(1− pllP − phhP −∆p)]

ulPP (PP 00elSe
h
S ) = ulSP =

γP − clP
1− β

−
β(chP − clP )(1− pllP )

(1− β)[1 + β(1− pllP − phhP )]

uhP
P (PP 00elSe

h
S ) = uhS

P =
γP − clP
1− β

−
(chP − clP )(1− βpllP )

(1− β)[1 + β(1− pllP − phhP )]

The specialist always earns zero profit in this outcome. In treatment path SS there exists an

analogue set of continuation profits for the specialist.

If providing effort is preferred for one patient type, it is also preferred for the other type:

UP (PP 1eS ) ≥ UP (PP 0eS ), UP (PP 10elSe
h
S ), UP (PP 01elSe

h
S ) ⇐⇒

uxP (PP 1eS ) ≥ uxP (PP 0eS ), uxP (PP 10elSe
h
S ), uxP (PP 01elSe

h
S )∀x ∈ X ⇐⇒

ce ≤ c̃e
P

UP (PP 0eS ) ≥ UP (PP 1eS ), UP (PP 10elSe
h
S ), UP (PP 01elSe

h
S ) ⇐⇒

uxP (PP 0eS ) ≥ uxP (PP 1eS ), uxP (PP 10elSe
h
S ), uxP (PP 01elSe

h
S )∀x ∈ X ⇐⇒

ce ≥ c̃e
P .

An analogous result holds for the specialist in treatment path SS:

US(SS
eP 1) ≥ US(SS

eP 0), US(SS
elP ehP 01), US(SS

elP ehP 10) ⇐⇒ ce ≤ c̃e
S

US(SS
eP 0) ≥ US(SS

eP 1), US(SS
elP ehP 01), US(SS

elP ehP 10) ⇐⇒ ce ≥ c̃e
S .

This completes the proof of the first part of Proposition 2.
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The weak dominance of PP and SS over MM has already been argued in Appendix 4.A.2.

Effort provision functions the same in path MM as it does in PP for the PCP and in SS for

the specialist.

The following two step argument can be made to prove that the blind treatment paths weakly

dominate treatment path MP .

Step 1: PP and SS weakly dominate MP for the same effort levels (see Lemma 3).

Step 2: Whenever effort can be incentivized for MP , it can be incentivized in the blind

treatment paths.

Step 2 is trivial for the PCP as her incentives are identical to the blind treatment paths. Let

the PCP play (T, T ). For the specialist, two conditions need to hold in order to implement

MP 11:

US [(T,R)1e
h
S ] ≥ US [(T,R)0e

h
S ] ⇐⇒ ulSS [(T,R)1e

h
S ] ≥ ulSS [(T,R)0e

h
S ]

⇐⇒ γS ≥ clS +
ce(1− βpllS)

β∆p

US [(T,R)1e
h
S ] ≥ US [(T, T )

11] ⇐⇒ ulSS [(T,R)1e
h
S ] ≥ ulSS [(T, T )11]

⇐⇒ uhS
S [(T,R)1e

h
S ] ≥ uhS

S [(T, T )11]

⇐⇒ γS ≤ clS + ce +
(chS − clS)(1− β(pllS −∆p))

1 + β(1− pllS − phhS )

These conditions can be fulfilled together if and only if ce ≤ c̃e
S . Thus, the specialist is always

willing to provide effort in SS if she is providing effort in MP .

4.A.4

Proof for Proposition 3 (gatekeeping treatment path MS):

Proof. Let the specialist play sS = (T, T )11. The following describes the conditions for sP =

(T,R)1e
h
P being a best response for the PCP for all states.

Optimal effort choice:
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Continuation profits for sP = (T,R)e
l
P ehP are given by:

ulPP =
γP − clP − elP ce

1− β(pllP + elP∆p)

uhP
P = ulSP = uhS

P = 0

It follows

UP [(T,R)1e
h
P ] ≥ UP [(T,R)0e

h
P ] ⇐⇒ ulPP [(T,R)1e

h
P ] ≥ ulPP [(T,R)0e

h
P ]

⇐⇒ γP ≥ clP +
ce(1− βpllP )

β∆p
.

(4.35)

sP = (T,R)e
l
P ehP vs. sP = (T, T )e

l
P ehP : For sP = (T, T )e

l
P ehP , continuation profits, and thus

incentives for effort provision, are identical to outcome PP elP ehP 11 (see Appendix 4.A.3).

UP [(T,R)1e
h
P ] ≥ UP [(T, T )

11] ⇐⇒ ulPP [(T,R)1e
h
P ] ≥ ulPP [(T, T )11]

⇐⇒ uhP
P [(T,R)1e

h
P ] ≥ uhP

P [(T, T )11]

⇐⇒ γP ≤ clP + ce +
∆cP (1− β(pllP +∆p))

1 + β(1− pllP − phhP )

(4.36)

UP [(T, T )
11] ≥ UP [(T, T )

00], UP [(T, T )
10], UP [(T, T )

01] ⇐⇒ ce ≤ c̃e
P

Conditions (4.35) and (4.36) can only be simultaneously fulfilled if and only if ce ≤ c̃e
P .

sP = (T,R)e
l
P ehP vs. sP = (R,R)e

l
P ehP :

For sP = (R,R)e
l
P ehP continuation profits for the PCP are 0.

UP [(T,R)1e
h
P ] ≥ UP [(R,R)e

l
P ehP ] ⇐⇒ ulPP [(T,R)1e

h
P ] ≥ ulPP [(R,R)e

l
P ehP ]

⇐⇒ γP ≥ clP + ce

This is implied by Condition (4.35).

Now, let the PCP play sP = (T,R)1e
h
P . The following describes the conditions for sS = (T, T )11

being a best response for the specialist for all states. If the specialist is willing to treat h-types,

then she is willing to treat l-types. Thus, it is sufficient to show that the specialist is willing

to accept h-types and that she is willing to provide effort.

Optimal effort choice:
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For any patient who is treated by the specialist, continuation profits are identical so outcome

SSelP ehP elSe
h
S . Continuation profits for hP are identical to those for hS . Continuation profits for

lP only include an additional discount factor.

US [(T, T )
11] ≥ US [(T, T )

00], US [(T, T )
10], US [(T, T )

01] ⇐⇒

⇐⇒ ce ≤ c̃e
S

US [(T, T )
00] ≥ US [(T, T )

11], US [(T, T )
10], US [(T, T )

01] ⇐⇒

⇐⇒ ce ≥ c̃e
S

sS = (T, T )11 vs. sS = (T,R)e
l
Se

h
S :

The only difference between sS = (T, T )e
l
Se

h
S and sS = (T,R)e

l
Se

h
S is whether the specialist

accepts the treatment of h-types referred by the PCP. Thus, sS = (T, T )e
l
Se

h
S is preferred

whenever the continuous treatment of initial h-types is profitable for the specialist.

US [(T, T )
11] ≥ US [(T,R)11] ⇐⇒ uhP

S [(T, T )11] ≥ uhP
S [(T,R)11] ⇐⇒

ulPS [(T, T )11] ≥ ulPS [(T,R)11] ⇐⇒

γS ≥ chS + ce −
β∆cS (1− phhS +∆p)

1 + β(1− pllS − phhS )
=: γmin

S

US [(T,R)11] ≥ US [(T,R)00], US [(T,R)10], US [(T,R)01] ⇐⇒ ce ≤ c̃e
S

Let us now turn to the proof for the uniqueness of the equilibrium. Consider the case with effort

provision for both physicians. Conditions (4.35) is fulfilled strictly for ϵ > 0. Furthermore,

Condition (4.36) is fulfilled strictly as long as ϵ is small enough because ce < c̃e
S . Thus,

sP = (T,R)1e
h
P is the strict best response to sS = (T, T )11.

I will show that sS = (T, T )11 is the strict best response to sP = (T, T )eleh and sP = (R,R)eleh

given ce < c̃e
S . Because sP = (T,R)1e

h
P is the strict best response to sS = (T, T )11, the

uniqueness result follows.
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Let sP = (T, T )eleh , then sS = (T, T )11 is the strict best response:

US [(T, T )
11] > US [(T,R)1e

h
S ] ⇐⇒ γS > γmin

S =⇒
ce<c̃eS

γS > chS + ce +
ce(1− β)

β(1− pllS)
−

∆p(c
h
S − clS)(1− β)

(1− pllS)(1− βphhS )

−
β(chS − clS)(1− phhS )[1 + β(∆p − phhS )]

(1− βphhS )[1 + β(1− pllS − phhS )]
⇐⇒

ulSS [(T, T )11] > ulSS [(T,R)0e
h
S ] ⇐⇒

uhS
S [(T, T )11] > uhS

S [(T,R)0e
h
S ] ⇐⇒

US [(T, T )
11] > US [(T,R)0e

h
S ]

Furthermore,

γS > γmin
S =⇒ US [(T, T )

11] > US [(R,R)e
l
Se

h
S ]

since

ulSS [(T, T )11] > uhS
S [(T, T )11] > 0.

sS = (R, T )eleh is never a best response as it is dominated by sS = (T, T )eleh and sS =

(R,R)eleh . I have already proved that sP = (T,R)1e
h
P is a best response to sS = (T, T )11.

If the conditions hold strictly, it is the strict best response. The same holds true in the case

without effort. Thus, there exists no equilibrium with sP = (T, T )eleh .

Let sP = (R,R)eleh , then sS = (T, T )eleh is the only response that does not lead to hospital

treatment. Otherwise, both physicians receive a payoff of zero. As the payoff of sS = (T, T )11

is positive for ce < c̃e
S , it is the strict best response. Again, sP = (T,R)1e

h
P is the strict best

response to sS = (T, T )11. Thus, there exists no equilibrium with sP = (R,R)eleh .

sP = (R, T )eleh is never an equilibrium as it is dominated by sP = (T, T )eleh and sP =

(R,R)eleh .

The proof for the outcome without effort follows along the same lines.
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4.A.5

Proof for Proposition 4 (first-best implementation in the team):

Proof. To show: UT (PS11) := UP [PS11] + US [PS11] ≥ UT (s)

∀s ∈ {PSeP eS , PP eP eS , SSeP eS , SP eP eS}

Optimal effort choice:

First, I consider the condition under which effort is provided in the team given that PCPs

treat l-types and specialists treat h-types. The system of equations for the continuation profit

of PSeP eS in all states x ∈ X are given by:

ulPT = γP − clP − eP ce + β[(pllP + eP∆p)u
lP
T + (1− pllP − eP∆p)u

hS
T ]

ulST = ulPT

uhP
T = uhS

T

uhS
T = γS − chS − eSce + β[(phhS − eS∆p)u

hS
T + (1− phhS + eS∆p)u

lP
T ]

Continuation profits are given by:

ulT [PS11] =
γP − clP − ce

1− β
+

β(1− pllP −∆p)(γS − γP − chS + clP )

(1− β)(1 + β[1− pllP − phhS ])

uhT [PS11] =
γP − clP − ce

1− β
+

(1− β[pllP +∆p])(γS − γP − chS + clP )

(1− β)(1 + β[1− pllP − phhS ])

ulT [PS10] =
γS − chS
1− β

−
(1− βphhS )(γS − γP − chS + clP + ce)

(1− β)(1 + β[1− pllP − phhS +∆p])

uhT [PS10] =
γS − chS
1− β

−
β(1− phhS )(γS − γP − chS + clP + ce)

(1− β)(1 + β[1− pllP − phhS +∆p])

ulT [PS01] =
γP − clP
1− β

+
β(1− pllP )(γS − γP − chS + clP − ce)

(1− β)(1 + β[1− pllP − phhS +∆p])

uhT [PS01] =
γP − clP
1− β

+
(1− βpllP )(γS − γP − chS + clP − ce)

(1− β)(1 + β[1− pllP − phhS +∆p])

ulT [PS00] =
γP − clP
1− β

+
β(1− pllP )(γS − γP − chS + clP )

(1− β)(1 + β[1− pllP − phhS ])

uhT [PS00] =
γP − clP
1− β

+
(1− βpllP )(γS − γP − chS + clP )

(1− β)(1 + β[1− pllP − phhS ])

119



Chapter 4. Should Physicians Team Up to Treat Chronic Diseases?

In the team, one physician always treats all patients of the same type. Thus, continuation

profits for lP and lS as well as hP and hS are identical.

UT (PS11) ≥ UT (PS10), UT (PS01), UT (PS00) ⇐⇒

ulT [PS11] ≥ ulT [PS10], ulT [PS01], ulT [PS00] ⇐⇒

uhT [PS11] ≥ uhT [PS10], uhT [PS01], uhT [PS00] ⇐⇒

(γS − chS)− (γP − clP ) ≤ −
ce[1 + β(1− pllP − phhS )]

β∆p

PS vs PP :

For PP , continuation profits are given by:

ulT [PP 11elSe
h
S ] =

γP − clP − ce
1− β

−
β(1− pllP −∆p)(c

h
P − clP )

(1− β)(1 + β[1− pllP − phhP ])

uhT [PP 11elSe
h
S ] =

γP − clP − ce
1− β

−
(1− β[pllP +∆p])(c

h
P − clP )

(1− β)(1 + β[1− pllP − phhP ])

ulT [PP 10elSe
h
S ] =

γP − chP
1− β

+
(1− βphhP )(chP − clP − ce)

(1− β)(1 + β[1− pllP − phhP −∆p])

uhT [PP 10elSe
h
S ] =

γP − chP
1− β

+
β(1− phhP )(chP − clP − ce)

(1− β)(1 + β[1− pllP − phhP −∆p])

ulT [PP 01elSe
h
S ] =

γP − clP
1− β

−
β(1− pllP )(c

h
P − clP + ce)

(1− β)(1 + β[1− pllP − phhP +∆p])

uhT [PP 01elSe
h
S ] =

γP − clP
1− β

−
(1− βpllP )(c

h
P − clP + ce)

(1− β)(1 + β[1− pllP − phhP +∆p])

ulT [PP 00elSe
h
S ] =

γP − clP
1− β

−
β(1− pllP )(c

h
P − clP )

(1− β)(1 + β[1− pllP − phhP ])

uhT [PP 00elSe
h
S ] =

γP − clP
1− β

−
(1− βpllP )(c

h
P − clP )

(1− β)(1 + β[1− pllP − phhP ])
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It follows:

UT (PP 11elSe
h
S ) ≥ UT (PP 10elSe

h
S ), UT (PP 01elSe

h
S ), UT (PP 00elSe

h
S ) ⇐⇒

ulT [PP 11elSe
h
S ] ≥ ulT [PP 10elSe

h
S ], ulT [PP 01elSe

h
S ], ulT [PP 00elSe

h
S ] ⇐⇒

uhT [PP 11elSe
h
S ] ≥ uhT [PP 10elSe

h
S ], uhT [PP 01elSe

h
S ], uhT [PP 00elSe

h
S ] ⇐⇒

ce ≤ c̃e
P

UT (PP 00elSe
h
S ) ≥ UT (PP 10elSe

h
S ), UT (PP 01elSe

h
S ), UT (PP 11elSe

h
S ) ⇐⇒

ulT [PP 00elSe
h
S ] ≥ ulT [PP 10elSe

h
S ], ulT [PP 01elSe

h
S ], ulT [PP 11elSe

h
S ] ⇐⇒

uhT [PP 00elSe
h
S ] ≥ uhT [PP 10elSe

h
S ], uhT [PP 01elSe

h
S ], uhT [PP 11elSe

h
S ] ⇐⇒

ce ≥ c̃e
P

UT (PS11elSe
h
S ) ≥ UT (PP 11elSe

h
S ) ⇐⇒

UT (PS00elSe
h
S ) ≥ UT (PP 00elSe

h
S ) ⇐⇒

ulT [PS11elSe
h
S ] ≥ ulT [PP 11elSe

h
S ] ⇐⇒

ulT [PS00elSe
h
S ] ≥ ulT [PP 00elSe

h
S ] ⇐⇒

uhT [PS11elSe
h
S ] ≥ uhT [PP 11elSe

h
S ] ⇐⇒

uhT [PS00elSe
h
S ] ≥ uhT [PP 00elSe

h
S ] ⇐⇒

(γS − chS)− (γP − clP ) ≥
−[1 + β(1− pllP − phhS )]∆cP

1 + β(1− pllP − phhP )

For all compared strategies, differences in continuation profits are identical for a fixed state.

Therefore, I omit continuation profits in the following.

PS vs SS:

For SS the continuation profits of the team are identical to continuation profits for PP with
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all indices P switched so S.

UT (SS
elP ehP 11) ≥ UT (SS

elP ehP 10), UT (SS
elP ehP 01), UT (SS

elP ehP 00) ⇐⇒

ce ≤ c̃e
S

UT (SS
elP ehP 00) ≥ UT (SS

elP ehP 10), UT (SS
elP ehP 01), UT (SS

elP ehP 11) ⇐⇒

ce ≥ c̃e
S

UT (PS11) ≥ UT (SS
elP ehP 11) ⇐⇒

UT (PS00) ≥ UT (SS
elP ehP 00) ⇐⇒

(γS − chS)− (γP − clP ) ≤ −
[1 + β(1− pllP − phhS )]∆cS

1 + β(1− pllS − phhS )

PS vs SP :

For SP the continuation profits of the team are identical to continuation profits for PS with

all indices P switched so S and indices S switched so P .

UT (SP
11) ≥ UT (SP

10), UT (SP
01), UT (SP

00) ⇐⇒

ce ≤
∆pβ(c

h
P − clS − γP + γS)

1 + β(1− pllS − phhP )

UT (SP
00) ≥ UT (SP

10), UT (SP
01), UT (SP

11) ⇐⇒

ce ≥
∆pβ(c

h
P − clS − γP + γS)

1 + β(1− pllS − phhP )

UT (SS
elP ehP 11) ≥ UT (SP

11) ⇐⇒

UT (SS
elP ehP 00) ≥ UT (SP

00) ⇐⇒

(γS − chS)− (γP − chP ) ≥
β∆cS (p

hh
S − phhP )

1 + β(1− pllS − phhS )

UT (PP 11elSe
h
S ) ≥ UT (SP

11) ⇐⇒

UT (PP 00elSe
h
S ) ≥ UT (SP

00) ⇐⇒

(γS − clS)− (γP − clP ) ≤
β∆cP (p

ll
P − pllS)

1 + β(1− pllP − phhP )

Thus, SP is dominated if

∆cP ≥
∆cS [1 + β(1− pllP − phhP )]

1 + β(1− pllS − phhS )
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For outcome PS11 to be implemented with smallest possible payment fees, Condition (4.37)

must hold in order for the team to make non-negative profits for both patient types.

ulT (PS11) ≥ uhT (PS11) = 0 ⇐⇒

γP − clP − ce
1− β

+
[1− β(pllP +∆p)(γS − γP + clP − chS)]

(1− β)[1 + β(1− pllP − phhS )]
= 0

(4.37)

Solving for γP and inserting the binding Condition (4.37) into the binding Incentive Constraint

(4.22), delivers

γ∗S = chS + ce −
β∆cP (1− phhS +∆p)

1 + β(1− phhP − pllP )
.

Inserting γ∗S into Condition (4.37) delivers

γ∗P = clP + ce +
β∆cP (1− pllP −∆p)

1 + β(1− phhP − pllP )
.

Because Condition (4.22) is the only lower boundary on γS , whereas Conditions (4.20) and

(4.21) are upper boundaries, this contract implements PS11 whenever this is possible.

Necessary conditions:

Condition (4.20) and (4.21) are both upper boundaries on γS . If ce ≤ c̃e
S , Condition (4.21) is

implied by Condition (4.20), otherwise Condition (4.20) is implied by Condition (4.21).

Let ce ≤ c̃e
S . In this case FB11 can be implemented if and only if Condition (4.20) and

Condition (4.22) can be fulfilled together, i.e.

−
[1 + β(1− pllP − phhS )]∆cS

1 + β(1− pllS − phhS )
≥

−[1 + β(1− pllP − phhS )]∆cP

1 + β(1− pllP − phhP )
⇐⇒

∆cP ≥
∆cS [1 + β(1− pllP − phhP )]

1 + β(1− pllS − phhS )
.

Let ce ≥ c̃e
S . In this case FB11 can be implemented if and only if Condition (4.21) and

Condition (4.22) can be fulfilled together, i.e.

−
ce[1 + β(1− pllP − phhS )]

β∆p
≥

−[1 + β(1− pllP − phhS )]∆cP

1 + β(1− pllP − phhP )
⇐⇒

ce ≤ c̃e
P .
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If these conditions hold strictly, γ∗P can be decreased marginally without violating Conditions

(4.20) and (4.21). In this case all incentive conditions hold strictly, and thus, the outcome is

strictly preferred by the team.

4.A.6

Proposition 9. Let ∆cP < ∆̃cP . For the team, the following statements hold.

If ce < c̃e
P , PP 1eS or SSeP 1 is second-best.

If ce > c̃e
S, PP 0eS or SSeP 0 is second-best.

If c̃e
P < ce < c̃e

S, PP 0eS , SSeP 1, or SP 11 is second-best.

Proof. If the specialist has the relative cost-advantage for l-types (∆cP < ∆̃cP ), the treatment

path PS can not be implemented in the team. In this case, PP 1eS can be implemented for

ce < c̃e
P , whereas SSeP 1 and SP 11 can be implemented for ce < c̃e

S . If the conditions hold

with flipped inequality, the respective outcomes can be implemented without effort provision.

The proofs for these statements regarding the blind paths are identical to the solo practice

case. The proof for path SP follows by exchanging indices S and P for the proof for PS.

Outcomes are unique if the conditions hold strictly.

If ce < c̃e
P or ce > c̃e

S , one of the blind treatment paths PP or SS is second-best optimal

as the remaining path SP is weakly dominated by them for equal effort levels. However, if

c̃e
P < ce < c̃e

S , physicians provide more effort in path SP than in path PP . Thus, SP 11 can

be second-best optimal in this case.
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4.A.7

Proof. If PS11 can be implemented, Condition (4.23) provides a lower bound for ∆cP . If PS11

is first-best, Condition (4.5) also provides a lower bound on ∆cP . The latter condition is more

strict if and only if

L ≤ L1.

Thus, if L ≤ L1, Condition (4.5) implies Condition (4.23). Conversely, if L > L1, a λ that

fulfills Condition (4.5) with equality as well as ce = 0 and pllP = pllS , fulfills the first-best

conditions but PS11 can not be implemented in the team because Condition (4.23) is not

fulfilled.

Let us now consider the optimal effort. Effort can be incentivized in the team if Condition

(4.24) is fulfilled. In terms of effort provision, PS11 is first-best if Condition (4.4) is fulfilled.

Both conditions are upper boundaries on the cost of effort provision ce. The latter condition

is more strict if and only if

L ≤ L2.

Thus, if L ≤ L2, Condition (4.4) implies Condition (4.24). Conversely, if L > L2, a λ that

fulfills Condition (4.4) and (4.5) with equality as well as pllP = pllS , fulfills the first-best conditions

but PS11 can not be implemented in the team because Condition (4.24) is not fulfilled.

4.A.8

Proposition 10. Let ∆cP < ∆̃cP .

(I) Let ce ≤ min(c̃e
S , c̃e

P ). There exist parameters such that MS11 is strictly superior to all

other outcomes in both solo practices and the team.

(II) Let ce ≥ max(c̃e
S , c̃e

P ). There exist parameters such that MS00 is strictly superior to all

other outcomes in both solo practices and the team.
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(III) Let c̃e
P < ce < c̃e

S. There exist parameters such that MS01 is strictly superior to all

other outcomes in both solo practices and the team.

In order for either statement to be true, chP must be sufficiently large.

(I) For ce ≤ min(c̃e
S , c̃e

P ), there are, considering only unique equilibria, three possible second-

best outcomes: MS11 (only solo practices), SSeP 1, and PP 1eS . Given fixed efforts, MS always

yields larger welfare than SS (see Lemma 3). Hence, for ce ≤ min(c̃e
S , c̃e

P ) implementingMS11

is always preferred to SSeP 1.

Conditions for which MS11 is strictly superior to PP 1eS :

W
lP
MS11 ≥ W

lP
PP1eS

⇐⇒ W
hP

MS11 ≥ W
hP

PP1eS
⇐⇒ W

hS

MS11 ≥ W
hS

PP1eS
⇐⇒

chP ≥
β(1− phhP +∆p)([L+ chS ][−1 + β(pllS +∆p)] + clP [1 + β(1− phhS − pllS)] + clSr[−1 + phhS −∆p])

[−1 + β(pllP +∆p)][1 + β(1− phhS − pllS)]

−
(L+ clS)β(1− phhS +∆p) + chS(−1 + β(pllS +∆p))

[1 + β(1− phhS − pllS)]

(4.38)

W
lS
MS11 ≥ W

lS
PP1eS

⇐⇒

chP ≥
Lβ[1− pllP −∆p] + clP [1 + β(∆p − phhP )]

β[−1 + pllP +∆p]

−
{1 + β(1− phhP − pllP )}{(L+ chS)β(−1 + pllS +∆p) + clS [−1 + β(phhS −∆p)]}

[β(−1 + pllP +∆p)][1 + β(1− pllS − phhS )]

(4.39)

Given Condition (4.5), Condition (4.39) is stricter than Condition (4.38). Thus, if

Condition (4.39) is fulfilled, MS11 is strictly superior to PP 1eS . Let us consider now

whether parameters exist, such that this is true.

Inserting the supremum chP implied by ∆cP < ∆̃cP and the maximum clP implied by

Condition (4.6) delivers

W lS
MS11 ≥ W lS

PP 1eS
⇐⇒

phhP − phhS ≥ pllS − pllP ,
(4.40)

which is strictly true by assumption. Thus, there exists a set of parameters such that

MS11 is strictly superior to PP 1eS and SSeP 1.
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(II) For MS00, an analogue argument applies. The condition for MS00 to be strictly

superior to PP 0eS is:

W lS
MS00 ≥ W lS

PP 0eS
⇐⇒

chP ≥ Lβ[1− pllP ] + clP [1 + β(−phhP )]

β[−1 + pllP ]

− {1 + β(1− phhP − pllP )}{(L+ chS)β(−1 + pllS+) + clS[−1 + β(phhS )]}
[β(−1 + pllP )][1 + β(1− pllS − phhS )]

To illustrate the result, Figure 4.A.1 depicts a simulation that shows which outcome is

strictly superior to the other outcome for ce < c̃e
P and c̃e

S < ce depending on feasible

parameters ce and chP . Clearly, there exist feasible parameters such that either outcome

can be optimal.

(III) Let us now turn to the case c̃e
P < ce < c̃e

S. In this case, there are, four possible

second-best outcomes: MS01 (only solo practices), SSeP 1, SP 11 (only team) and PP 1eS

There is a trade-off between always receiving specialist effort in outcome SSeP 1 and

better referral efficiency in outcome MS01. The payer prefers MS01 over SSeP 1 if and

only if the additional costs of specialist treatment for l-types is larger than its expected

benefit:

ce − clP + clS ≥ β(L+ chS − clS)(∆p + pllS − pllP )

1 + r(1− pllS − phhS )
(4.41)

Let us now turn to the comparison of MS01 and PP 0eS .

W
lS
MS01 ≥ W

lS
PP0eS

⇐⇒

chP ≥
[1 + β(1− pllP − phhP )](L+ chS)β[−1 + ∆p + pllS ] + ce[−1 + β(−1 + pllS + phhS )] + clS [−1 + r(−∆p + phhS )]

[1 + β(1− pllS − phhS )]β(pllP − 1)

+
Lβ(1− pllP ) + clP (1− βphhP )

β(pllP − 1)

W
lP
MS01 ≥ W

lP
PP0eS

⇐⇒ W
hP

MS01 ≥ W
hP

PP0eS
⇐⇒ W

hS

MS01 ≥ W
hS

PP0eS
⇐⇒

chP ≥ −
(L− clS)β[1 + ∆p − phhS ] + ce[−1 + β(−1 + phhS + pllS)] + chS [−1 + β(∆p + pllS)]

1 + β(1− pllS − phhS )

+
β(phhP − 1){(L+ chS)[−1 + β(∆p + pllS)] + clP [1 + β(1− pllS − phhS )] + ce[−1 + β(−1 + pllS + phhS )]}

β(1− pllP )[1 + β(1− pllS − phhS )]
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middle between optimal outcomes.

Figure 4.A.1: Simulation of the second-best outcome with clP = 0, pllP = 0.8, phhP =

0.6, clS = 2, chS = 10, pllS = 0.8, phhS = 0.3,∆p = 0.1, r = 0.99.
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Let us now turn to the comparison of MS01 and SP 11.

W
lP
MS01 ≥ W

lP
SP11 ⇐⇒

chP ≥
(L− clP + ce)(1− β) + chSβ(−1 + pllP )

pllP − 1

+
(β − 1)[1 + β(∆p − phhP )]{(L+ chS)β(−1 + pllP ) + clS [1 + β(1 + ∆p − pllP − phhS )] + (ce − clP )[1 + β(∆p − phhS )]}

β(pllP − 1)(∆p + pllS − 1)[1 + β(∆p − phhS )]

+
β3(phhP − phhS )(pllP − 1)(∆p − phhS + 1)(L+ chS − clS)

(1− βpllP )[1 + β(∆p − phhS )][1 + β(1− pllS − phhS )]

W
lS
MS01 ≥ W

lS
SP11 ⇐⇒ W

hP

MS01 ≥ W
hP

SP11 ⇐⇒ W
hS

MS01 ≥ W
hS

SP11 ⇐⇒

chP ≥ chS −
β(phhP − phhS )(L+ chS − clS)

1 + β(1− pllS − phhS )

Figure 4.A.2 depicts a simulation that shows which outcome is strictly superior to all

other outcomes for c̃e
P < ce < c̃e

S depending on feasible parameters ce and chP . Clearly,

there exist feasible parameters such that either outcome can be optimal.

4.A.9

To show: If Condition (4.26) does not hold, treatment path PP dominates SP .

Proof.

UT (PP 1eS) ≥ UT (SP
11) ⇐⇒ UT (PP 0eS) ≥ UT (SP

00) ⇐⇒

clS ≥ clP − β(chP − clP )(p
ll
P − pllS)

1 + β(1− pllP − phhP )

(4.42)

Clearly, this condition holds for pllP ≥ pllS. Assume pllP < pllS. Then Condition (4.27)

implies Condition (4.42) if and only if Condition (4.26) does not hold:

clP − β(chP − clP )(p
ll
P − pllS)

1 + β(1− pllP − phhP )
≤ clP − β(chS − clP )(p

ll
P − pllS)

1 + β(1− pllP − phhS )
⇐⇒

chS − chP ≥ (phhP − phhS )β(chP − clP )

1 + β(1− pllP − phhP )
⇐⇒

UT (PS11) ≤ UT (PP 1eS)

Because Condition (4.27) is already implied by first-best Condition (4.6), PP dominates

SP .
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Figure 4.A.2: Simulation of the second-best outcome for c̃e
P < ce < c̃e

S with clP =

0, pllP = 0.8, phhP = 0.6, clS = 2, chS = 10, pllS = 0.75, phhS = 0.3,∆p = 0.1, r =

0.99.
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4.A.10

Proof that effort in solo practices does not exceed effort in the team, given that physicians

are altruistic and PS is implementable in the team.

Proof. I will show the proof for the specialist. The proof for the PCP is analogous. For

each possible treatment path (excluding paths with hospital treatment) it needs to hold

that effort provision is impossible to implement for ce > c̃e
Pα given that ∆cP ≥ ∆̃α

cP
.

PS : sP = (T,R)e
l
P ehP

In order to implement PS, the following conditions need to hold.

elP = 1 :

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R, T )e
l
S0] ⇐⇒

uxα
S [(R, T )e

l
S1] ≥ uxα

S [(R, T )e
l
S0]∀x ∈ X ⇐⇒

γS ≤ chS + αL− ce[1 + β(1− pllP − phhS −∆p)]

∆pβ

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R,R)e
l
Se

h
S ] ⇐⇒

uxα
S [(R, T )e

l
S1] ≥ uxα

S [(R,R)e
l
Se

h
S ]∀x ∈ X ⇐⇒

γS ≥ chS − ce −
αLβ(phhP − phhS )

1 + β(1− pllP − phhP )

elP = 0 :

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R, T )e
l
S0] ⇐⇒

uxα
S [(R, T )e

l
S1] ≥ uxα

S [(R, T )e
l
S0]∀x ∈ X ⇐⇒

γS ≤ chS + αL− ce[1 + β(1− pllP − phhS )]

∆pβ

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R,R)e
l
Se

h
S ] ⇐⇒

uxα
S [(R, T )e

l
S1] ≥ uxα

S [(R,R)e
l
Se

h
S ]∀x ∈ X ⇐⇒

γS ≥ chS − ce −
αLβ(phhP − phhS +∆p)

1 + β(1− pllP − phhP )
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Either set of conditions can be fulfilled if and only if

ce ≤
∆pαLβ

1 + β(1− pllP − phhP )
< c̃e

Pα.

SS/MS/SM :

In all three paths, the specialist treats all received patients indefinitely. Effort is provided

if and only if

Uα
S [(T, T )

11] ≥ Uα
S [(T, T )

01], Uα
S [(T, T )

10], Uα
S [(T, T )

00] ⇐⇒

ulSα
S [(T, T )11] ≥ ulSα

S [(T, T )01], ulSα
S [(T, T )10], ulSα

S [(T, T )00] ⇐⇒

uhSα
S [(T, T )11] ≥ uhSα

S [(T, T )01], uhSα
S [(T, T )10], uhSα

S [(T, T )00] ⇐⇒

ce ≤ c̃e
Sα.

Furthermore,

c̃e
Sα ≤ c̃e

Pα ⇐⇒ ∆cP ≥ ∆̃α
cP
.

SP : sP = (R, T )e
l
P ehP

ehP = 1 :

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T,R)0e
h
S ] ⇐⇒

uxα
S [(T,R)1e

h
S ] ≥ uxα

S [(T,R)0e
h
S ]∀x ∈ X ⇐⇒

γS ≥ clS + ce − αL+
ce[1 + β(1− pllS − phhP +∆p)]

∆pβ

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T, T )
11] ⇐⇒

uxα
S [(T,R)1e

h
S ] ≥ uxα

S [(T, T )11]∀x ∈ X ⇐⇒

γS ≤ clS + ce − αL+
(αL+ chS − clS)1 + β(1− pllS − phhP )

1 + β(1− pllS − phhS )
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ehP = 0 :

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T,R)0e
h
S ] ⇐⇒

uxα
S [(T,R)1e

h
S ] ≥ uxα

S [(T,R)0e
h
S ]∀x ∈ X ⇐⇒

γS ≥ clS − αL+
ce[1 + β(1− pllS − phhP +∆p)]

∆pβ

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T, T )
11] ⇐⇒

uxα
S [(T,R)1e

h
S ] ≥ uxα

S [(T, T )11]∀x ∈ X ⇐⇒

γS ≤ clS + ce − αL+
(αL+ chS − clS)1 + β(1− pllS − phhP −∆p)

1 + β(1− pllS − phhS )

Either set of conditions can be fulfilled if and only if

ce ≤ c̃e
Sα.

PM : sP = (T, T )e
l
P ehP

elP = ehP = 1 :

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R, T )e
l
S0] ⇐⇒

uhSα
S [(R, T )e

l
S1] ≥ uhSα

S [(R, T )e
l
S1] ⇐⇒

γS ≤ chS +
αL[1 + β(∆p − phhP )]

1 + β(1− pllP − phhP )
− ce(1− βphhS )

∆pβ

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R,R)e
l
Se

h
S ] ⇐⇒

uhSα
S [(R, T )e

l
S1] ≥ uhSα

S [(R,R)e
l
Se

h
S ] ⇐⇒

ulSα
S [(R, T )e

l
S1] ≥ ulSα

S [(R,R)e
l
Se

h
S ] ⇐⇒

γS ≥ chS + ce −
αLβ(phhP − phhS )

1 + β(1− pllP − phhP )

elP = ehP = 0 :
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Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R, T )e
l
S0] ⇐⇒

uhSα
S [(R, T )e

l
S1] ≥ uhSα

S [(R, T )e
l
S1] ⇐⇒

γS ≤ chS +
αL[1 + β(phhP )]

1 + β(1− pllP − phhP )
− ce(1− βphhS )

∆pβ

Uα
S [(R, T )e

l
S1] ≥ Uα

S [(R,R)e
l
Se

h
S ] ⇐⇒

uhSα
S [(R, T )e

l
S1] ≥ uhSα

S [(R,R)e
l
Se

h
S ] ⇐⇒

ulSα
S [(R, T )e

l
S1] ≥ ulSα

S [(R,R)e
l
Se

h
S ] ⇐⇒

γS ≥ chS + ce −
αLβ(∆p + phhP − phhS )

1 + β(1− pllP − phhP )

Either set of conditions can be fulfilled if and only if

ce ≤
∆pαLβ

1 + β(1− pllP − phhP )
< c̃e

Pα.

MP : sP = (T, T )e
l
P ehP

elP = ehP = 1 :

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T,R)0e
h
S ] ⇐⇒

ulSα
S [(T,R)1e

h
S ] ≥ ulSα

S [(T,R)0e
h
S ] ⇐⇒

γS ≥ clS +
ce(1− βpllS)

∆pβ
− αL[1− β(pllP +∆p)]

1 + β(1− pllP − phhP )

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T, T )
11] ⇐⇒

ulSα
S [(T,R)1e

h
S ] ≥ ulSα

S [(T, T )11] ⇐⇒

uhSα
S [(T,R)1e

h
S ] ≥ uhSα

S [(T, T )11] ⇐⇒

γS ≤ (chS + ce)[1 + β(1− phhP − pllP )] + αLβ(1 + ∆p − phhP )

1 + β(1− pllP − phhP )

− β(1 + ∆p − phhS )(chS − clS + αL)

1 + β(1− pllS − phhS )
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elP = ehP = 0 :

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T,R)0e
h
S ] ⇐⇒

ulSα
S [(T,R)1e

h
S ] ≥ ulSα

S [(T,R)0e
h
S ] ⇐⇒

γS ≥ clS +
ce(1− βpllS)

∆pβ
− αL[1− β(pllP )]

1 + β(1− pllP − phhP )

Uα
S [(T,R)1e

h
S ] ≥ Uα

S [(T, T )
11] ⇐⇒

ulSα
S [(T,R)1e

h
S ] ≥ ulSα

S [(T, T )11] ⇐⇒

uhSα
S [(T,R)1e

h
S ] ≥ uhSα

S [(T, T )11] ⇐⇒

γS ≤ (chS + ce)[1 + β(1− phhP − pllP )] + αLβ(1− phhP )

1 + β(1− pllP − phhP )

− β(1 + ∆p − phhS )(chS − clS + αL)

1 + β(1− pllS − phhS )

Either set of conditions can be fulfilled if and only if

ce ≤ c̃e
Sα.
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5 Rewards for Information

Provision in Patient Referrals: A

Theoretical Model and an

Experimental Test

Jeannette Brosig-Koch, Malte Griebenow, Mathias Kifmann,

and Franziska Then

Abstract

We study whether bonus payments for information provision can improve the information flow

between physicians. A primary care physician (PCP) decides on the provision of information

of varying qualities to a specialist while referring a patient. Our theoretical model, which

includes altruism and loss aversion, predicts that bonus payments increase the provision of

both high- and low-quality information. Running a controlled laboratory experiment we find

support for this prediction. If the beneficiary of information provision receives a higher payoff

than the PCP, we observe that PCPs more often pass on high-quality information when the

beneficiary is a patient. If the beneficiary receives a lower payoff than the PCP, the type of the

beneficiary (specialist or patient) does not affect the provision of high-quality information.
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5.1 Introduction

When patients are referred from one physician to another, the provision of information by the

referring physician is important for the optimal care of the patient. The referring physician

has already made an assessment of the patient’s health and this information can help to treat

the patient faster or to reduce the costs of the receiving physician. For example, the referring

physician may know the patient’s relevant medical history, which is useful in diagnosing the

patient more accurately and making faster treatment decisions.

The information flow between physicians, however, does not seem to be optimal. In a lit-

erature review, Mehrotra et al., 2011 find that many referrals do not include a transfer of

information and when they do, the data is often insufficient for medical decision making (see

also Bodenheimer, 2008). As a potential solution to this problem, Bodenheimer proposes that

care coordination tasks should be financially rewarded. For example, Medicare has started

paying physicians for care coordination services of chronically ill patients in 2015 (Centers for

Medicare & Medicaid Services, 2014).

In this paper, we present a model that considers both whether information is provided and, if

information is provided, the quality of information. Information may be of low or high qual-

ity. High-quality information corresponds to a clear and complete report about the patient’s

medical history and diagnostic results. Low-quality information corresponds to unclear or in-

complete information. Usually, it is prohibitively costly for the payment authority in charge

of remunerating health care services (the payer) to verify the quality of information provided

by the physicians. Therefore, agency problems exist as the quality of information is private

information of the physicians.

Our model allows physicians to be partially altruistic towards their patients and fellow physi-

cians. We further consider that some patients may benefit more from information provision

than others. For example, for some patients treatment may be more urgent than for others

and the information provided may speed up the treatment process.

We consider a bonus payment for information provision as a remedy for the under-provision of

information. According to our model, the payment required to maximize the amount of pro-
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vided high-quality information is a fraction of the costs of information provision. Increasing

payments beyond this threshold only leads to the provision of more low-quality information.

Finally, increasing the payment beyond the costs for low-quality information does not addi-

tionally change physician behavior.

Besides the standard approach described before, we also include a non-linear version of our

model that uses an S-shaped value function in the physician’s utility function. This version is

inspired by previous behavioral research suggesting that individuals evaluate monetary losses

and gains from a reference point differently (see, e.g. Kuehberger, 1998; Bleichrodt et al.,

2001; Abdellaoui et al., 2007). Although prospect theory has been initially suggested for

risky contexts to explain such reference-dependent preferences (Kahneman and Tversky, 1979),

Tversky and Kahneman (1991) apply its properties also to riskless decisions like those in our

experiment (see, e.g., Gaechter et al., 2010, for experimental evidence). Here, physicians may

also decide depending on a reference point because they can be faced with a decision between a

monetary gain (providing low-quality information) and a monetary loss (providing high-quality

information) for some levels of bonus payments. In contrast to the linear version, our non-linear

model suggests that the amount of high-quality information provision can decrease with an

increase in the payment for information provision. Furthermore, if the payments are increased

beyond the costs of high-quality information provision, the effect reverses and more high-

quality information is provided. This latter effect is caused primarily by reference-dependent

loss aversion.

We test the theoretical predictions derived from our two models in a laboratory experiment.

Using a controlled lab environment that allows ceteris paribus variations of bonus payments and

benefits from information provision, we are able to establish the causal link between payments

and the provision of information (for a general discussion of the experimental method see,

e.g., Frechette and Schotter, 2015, and for a discussion of health economics experiments see

Galizzi and Wiesen, 2018).1 In our experiment, subjects in the role of primary care physicians

(PCPs) decide on passing on information to subjects in the role of specialists while referring

a patient. In all experimental conditions, we use a within-subject design and systematically

1For a first laboratory experiment on patient referrals see Waibel and Wiesen (2021). Waibel and

Wiesen (2021) do not focus on the provision of information in patient referrals, though.
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vary the bonus payment as well as the benefit from information provision at the subject level

to test the influence of both parameters. In our baseline condition, we focus on a situation in

which the patient benefits from information provision and in which the PCP always earns less

money than the specialist. The latter is typically the case in most OECD countries (OECD,

2015). Note that, in this baseline condition, bonus payments for information provision are

implemented in addition to a fixed capitation payment. This additional payment may not

be cost-effective from the payer’s perspective, though. Accordingly, we implement a second

experimental condition to test the behavioral effects of a cost-neutral version of the bonus

payments.

With our remaining three experimental conditions we check the robustness of our behavioral

results. First, we change the beneficiary of information provision (specialist instead of pa-

tient). Second, we alter the payoff relation between the PCP and the beneficiary. While the

PCP always earns less than the beneficiary from information provision in the previous three

conditions, we implement two additional conditions in which the PCP always earns more than

the beneficiary (patient or specialist). Note that, without additional assumptions, the predic-

tions derived from our two models do not imply a behavioral impact of these changes (cost

neutrality, beneficiary, and payoff relation). Still, there is behavioral evidence suggesting such

an impact (see the finding by Kesternich et al., 2015, on the role of the receiver type in medi-

cally framed distribution and cost dispersion games or the research on inequality aversion by,

e.g., Fehr and Schmidt, 1999; G. E. Bolton and Ockenfels, 2000).

As predicted by our model, PCPs in the experiment pass on more low- and high-quality

information as the bonus payment increases. If the bonus payment is at least as high as the

costs for the provision of high-quality information, PCPs provide less low-quality information

and more high-quality information than in decision tasks with lower bonus payments. This

behavioral pattern is in line with the non-linear version of our model considering an aversion

to lose profit relative to a reference profit in addition to altruism. Moreover, we observe that

PCPs’ reactions to increases in the bonus payment are similar regardless of whether the bonus

payment is introduced cost-neutrally or not. Accordingly, taking the perspective of a payer

who trades off the benefit of information provision against his payments, we find that bonus

payments exceeding the cost of low-quality information are only efficient if the bonus payment
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is introduced cost neutrally.

Checking the robustness of our results with regard to the type of the receiver and the payoff

relation between the PCP and the beneficiary, we find similar behavioral responses to the

bonus payment and the benefit of information provision across all conditions. Still, PCPs tend

to make more selfish decisions and provide less high-quality information when two conditions

are met – first, the specialist instead of the patient benefits from information provision and

second, the PCP earns less than the specialist.

In sum, our study is the first to provide a model that allows to describe the effect of different

bonus payments on information provision between physicians. In addition, using the controlled

environment of a laboratory, we are able to test the predictions of this model and to check the

robustness of results. Our findings contribute to the understanding of the conditions under

which information provision between physicians can be effective.

5.2 Model

5.2.1 Benefits and costs of information provision

Two physicians, a primary care physician (PCP, “he”) and a specialist (“she”), are tasked

by a health care payment authority (payer) with the treatment of a patient. The PCP has

determined that he is unable to help the patient and, therefore, refers the patient to the

specialist for receiving treatment. In order to ease the transition process, the PCP can provide

information on the patient’s medical history and the result of his diagnostic testing to the

specialist. He can pass on no information (I = 0), information of low quality (I = l), or

information of high quality (I = h). The benefits from information provision may accrue

to the patient (extra benefit b) or to the specialist (cost savings s). Specifically, the patient

receives benefit B = b̄ + b including a base benefit of b̄ and the specialist accrues costs of

cS = c̄S − s with maximum costs c̄S from specialist treatment. In the former case, the patient

can experience a better diagnosis and treatment procedure which increases her benefit. For

example, the patient may not have to reproduce her medical history and therefore may save
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Table 5.2.1: Benefits or savings and costs of information provision

0 l h

b or s 0 κ/3 κ

c 0 µ/2 µ

time. In the latter case, the specialist can provide the same diagnosis and treatment as without

the PCP’s information but at lower costs. For example, the specialist may not have to repeat

diagnostic procedures.

To what extent information provision yields a benefit is likely to differ between cases. For

example, in some cases fast treatment is necessary and information provision speeds up the

treatment process. Also, diagnostic procedures can differ in time and costs. Furthermore, the

benefit of the information depends on its quality. A carefully worded, compact, and complete

report of all the relevant information is of greater use to the treating specialist but consumes

more of the PCP’s time and effort. The benefit from high-quality information provision is

measured by κ ≥ 0. If low quality is provided, we assume that the benefit is reduced to one

third, i.e., to κ/3. The cost of information is the same for all patients and corresponds to µ in

case of high-quality information and µ/2 for low-quality information (see Table 5.2.1). These

assumptions ensure that the provision of high-quality information is more cost-efficient than

low-quality information provision. This reflects the empirical finding that information quality

is often insufficient for medical decision making (Mehrotra et al., 2011).

Based on this general setting, we derive propositions for physician behavior in the following

Subsections. We consider a linear utility function for the PCP in Subsection 5.2.2. For an

alternative version of the model, we take aversion to losses from a reference profit into account

and allow for a non-linear utility function in Subsection 5.2.3.
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5.2.2 Provider behavior – Linear PCP utility

We first formulate a simple, linear model about physician behavior based on the standard

model of altruistic physicians (Ellis and T. G. McGuire, 1986) and the assumption that the

degree of altruism does not depend on the beneficiary of information provision. The PCP

considers the benefit κ in the decision to provide information I ∈ {0, l, h} with the altruism

factor β ≥ 0.

A PCP receives a capitation payment FPCP upon seeing a patient. On top, a bonus payment

γ is made to the PCP if he sends information. That is, overall payment for the PCP is

p(I) :=


FPCP , I = 0

FPCP + γ, I ̸= 0

. (5.1)

Capitations are set to ensure that the physicians’ costs are always covered. We assume that

the quality of information is not verifiable. Therefore, the PCP receives the bonus payment

regardless of provided quality. If the patient benefits from information provision, the PCP’s

utility is given by

U(I) = p(I)− c(I) + βb(I). (5.2)

If the specialist benefits from information provision, we have

U(I) = p(I)− c(I) + βs(I). (5.3)

Lemma 5 provides behavioral predictions for the PCP.

Lemma 5. Let β = 0. PCP information provision is given by

I∗ =


0, if γ ≤ µ/2

l, if γ ≥ µ/2

If β > 0:

I∗ =


0, if κ ≤ min

(
κl,0, κh,0

)
l, if κh,l ≥ κ ≥ κl,0

h, if κ ≥ max
(
κh,l, κh,0

)
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Figure 5.2.1: Information provided by the PCP given payment γ and patient type κ,

fixed β.

where κl,0 =
3(µ/2− γ)

β
, κh,0 =

µ− γ

β
and κh,l =

3µ

4β
.

Proof. If β > 0:

U(h) = FPCP + βκ− µ+ γ ≥ FPCP + βκ/3− µ/2 + γ = U(l) ⇐⇒ κ ≥ 3µ

4β

U(h) = FPCP + βκ− µ+ γ ≥ FPCP = U(0) ⇐⇒ κ ≥ µ− γ

β

U(l) = FPCP + βκ/3− µ/2 + γ ≥ FPCP = U(0) ⇐⇒ κ ≥ 3(µ/2− γ)

β

If β = 0:

U(h) = −µ ≤ −µ/2 = U(l)

U(h) = −µ+ γ ≥ 0 = U(0) ⇐⇒ γ ≥ µ

U(l) = −µ/2 + γ ≥ 0 = U(0) ⇐⇒ γ ≥ µ/2

If the PCP is egoistic (β = 0), he will never provide high-quality information as this is not

rewarded. The PCP then only considers whether the payment exceeds the cost of providing

information of low quality (µ/2). He will not provide information if γ < µ/2, provide low-

quality information if γ > µ/2, and be indifferent between these two options if γ = µ/2.
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In contrast, if the PCP is partially altruistic, i.e. β > 0, the PCP will provide high-quality

information if the value of information κ is high enough and provide low-quality information

for intermediate values.

Lemma 5 states the values of κI1,I2 , with I1, I2 ∈ {0, l, h}, for which PCPs are indifferent

between I1 and I2. These are displayed in Figures 5.2.1a and 5.2.1b which show how partially

altruistic PCPs provide information depending on the value of information κ and the payment

γ. For cases with a high benefit from information provision (κ ≥ κh,l), the PCP prefers

high-quality to low-quality information provision, for cases with small benefit (κ ≤ κh,l), the

opposite is true. This critical κh,l is independent of the payment γ since the PCP receives the

payment for either information quality. For κ ≥ κh,l, the physician will either provide high

quality or no information depending on whether κ ≷ κh,0. κh,0 is falling in γ, indicating that

the physician is trading off providing high-quality information with monetary rewards. Thus,

a larger payment γ can induce the physician to provide high-quality information. For κ < κh,l,

the physician will either provide low-quality or no information depending on whether κ ≷ κl,0.

κl,0 is also falling in γ. Again, a larger payment γ can induce information provision, but only

of low quality.2

The difference between Figures 5.2.1a and 5.2.1b is the level of physician altruism β. Decreasing

altruism shifts all κ boundaries to the right. Thus, a less altruistic PCP will provide less

information and worse information quality for some patient types κ that would have received

(high-quality) information from a PCP with stronger altruism.

Overall, three areas of information provision emerge. The thick parts of the lines indicate the

boundaries between these areas. The payment values γ = µ/4 and γ = µ/2 are crucial. For γ <

µ/4, the PCP never provides low-quality information. With such low level of payment, altruism

becomes the driving force for information provision, calling for high-quality information if κ

is sufficiently high. Increasing γ beyond µ/4 makes the provision of low-quality information

interesting for PCPs for low values of κ. Increasing γ beyond µ/4 up to γ = µ/2 increases

only the amount of low-quality information and has no effect on high-quality information. For

2The effect of γ on κl,0 is stronger than the effect on κh,0. This is the case because low-quality

information provision is less effective and less expensive than high-quality information provision.
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a bonus payment γ ≥ µ/2, information will always be provided simply because the payment

covers the cost of low-quality information provision.

Proposition 11 (proof in Appendix 5.A.1) summarizes behavioral predictions for partially al-

truistic physicians that can be inferred from Lemma 5.

Proposition 11.

Let β > 0.

a) For γ ≤ µ/4, only no or high-quality information will be provided. For γ = 0: High-

quality information will be provided if and only if κ ≥ µ/β.

b) Increasing γ from 0 to µ/4 incentivizes the PCP to provide high-quality information for

κ ∈ [κh,l, µ/β].

c) Increasing γ from µ/4 to µ/2 incentivizes the PCP to provide low-quality information

rather than no information if κ ∈ [κl,0, κh,l]. It does not change the amount of high-

quality information provision. Increasing γ beyond µ/2 does not change the PCP’s in-

formation provision.

Based on Lemma 5 and Proposition 11, we can formulate testable predictions for partially

altruistic physicians for our specific experimental design. These Hypotheses L for the linear

version of our model are presented in Section 5.4 after outlining our experimental design and

procedures.

5.2.3 Provider behavior – Non-linear PCP utility

If the PCP provides information, he can either gain additional profit or lose profit relative to

the case where he does not pass on information. This depends on the payment for information

provision γ. For γ < µ/2, the PCP loses profit for both low- and high-quality information

provision. For µ/2 ≤ γ < µ, the PCP gains additional profit when passing on low-quality

information and loses profit when passing on high-quality information. Finally, for γ ≥ µ, the
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PCP gains additional profit for both information qualities. In the linear version of our model,

this aspect does not make a difference. Prospect theory, however, suggests that individuals’

preferences are reference point dependent, that losses from this reference point are weighted

more strongly than gains, and that the marginal value of both gains and losses decreases with

their size (Tversky and Kahneman, 1991). In our case, PCPs may consider “not providing

information” as a reference point since taking this action does not change their profits from

the capitation payment which they receive no matter which action they take. In order to study

this possibility, we define the value function

V (π) :=


πσ, if π ≥ 0

−λ(−π)σ, if π < 0.

(5.4)

The value function V (π), with σ ∈ (0, 1] (smaller σ implies stronger curvature), loss aversion

λ > 0, and decision profit π(I) = γ(I)− c(I), is an asymmetrical S-shaped value function that

reflects the three conditions above. The decision profit is defined as the extra gains or losses

that PCPs make when providing information, i.e., the payment minus the cost of information

provision. We assume that PCPs evaluate every decision about which information quality to

provide in reference to the alternative that they do not provide any information. In this case,

their decision profit equals 0 and their gross profit equals the capitation payment FPCP . Figure

5.2.2 depicts an exemplary value function dependent on the decision profit.

As in the linear version of our model, we assume that PCPs trade off the valuation of their

own profit against altruistic benefits. Now, however, we replace the payments to the PCP

(p(I) − c(I)) in the utility function with the value function V (π) defined above. Then, PCP

utility is captured by the functions

UPT (I) := V (π(I)) + βb(I) and (5.5)

UPT (I) := V (π(I)) + βs(I) (5.6)

for the two cases in which the patient and the specialist, respectively, benefits from information

provision. They replace the linear utility functions from Equations (5.2) and (5.3).

In Figure 5.2.2, we illustrate a key difference in the prediction between the linear and non-

linear model by comparing bonus payments that just cover the cost of either low- or high-quality
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Figure 5.2.2: Example of a Prospect Theory value function

information. Both models predict that for γ ≥ µ/2 all physicians are willing to provide at least

low-quality information quality because its costs are covered. The linear model predicts that

increasing γ beyond µ/2 does not impact provided quality because the difference in profits

between providing low- and high-quality information is constant.

In the non-linear model, this does not hold. For values of γ between µ/2 and µ, low-quality

information results in a gain and high-quality information results in a loss. Under Prospect

Theory, if an individual is loss-averse, the difference between a gain and the status quo is less

salient than a same-sized difference between a loss and the status quo. This is illustrated in

Figure 5.2.2 for an exemplary value function. Given the payment γ = µ/2, providing low-

quality information yields no decision profit. High-quality information results in a loss of µ/2.

The utility difference is given by ∆1. For γ = µ, low-quality information results in a gain of

µ/2 and high-quality information results in a zero gain leading to a utility difference ∆2. Loss

aversion implies ∆1 > ∆2. An altruistic PCP weighs his valuation of patient benefit against

his valuation of his decision profit. Thus, the non-linear model predicts more high- and less

low-quality information provision when the bonus payment is increased from µ/2 to µ.

Focusing on the case with positive altruism, Lemma 6 derives the boundaries for which physi-

cians are indifferent between the different information qualities.
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Lemma 6. Under Prospect Theory, the decision boundaries for the PCP are given by

κl,0 =
−3V (γ − µ/2)

β

κh,0 =
−V (γ − µ)

β
and

κh,l =
3

2β
[V (γ − µ/2)− V (γ − µ)].

Lemma 6 follows directly from setting the relevant utilities equal and solving for κ (analogous

to Lemma 5). Figure 5.2.3 depicts the predictions for information provision depending on the

parameters λ and σ for a fixed altruism parameter β. Note that the value function (5.4) nests

the linear version of our model for λ = σ = 1. Therefore, the predictions for linear PCP utility

are in the lower right subfigure.

We first consider the upper right subfigure of Figure 5.2.3. Compared to the linear version of

our model, only loss aversion λ is introduced. This shifts κh,l to the right for γ ∈ [0, µ/2] since

both quality choices are in the loss-domain. Thus, the difference in profits has a stronger effect

on the PCP’s value function and he will be less willing to provide information. For γ ∈ [µ/2, µ],

this effect decreases since providing low-quality information now yields a gain to the PCP. For

γ ≥ µ, the effect is nullified and the same prediction as in the linear utility case emerges.

In the lower left subfigure, only the curvature of the value function is increased compared to

the linear version of our model but no loss aversion exists. The result is a point symmetrical S-

shaped value function. Several different behavioral predictions emerge. First, the intersection

point of κh,l, κh,0 and κl,0 moves upward from µ/4. It is now in the interval of [µ/4, µ/2)

(see proof for Proposition 12 in Appendix 5.A.2). Second, increasing the payment γ beyond

this point up to 3µ/4 increases the amount of low-quality information at the expense of high-

quality information. The reason for this is that the marginal utility for profit increases is

steepest near the reference point. For low-quality information, this reference point is passed at

γ = µ/2, whereas the profit from high-quality information is still well in the loss region where

the value function is comparatively flat. Increasing γ beyond 3µ/4 reverses this effect. Now,

more high-quality information is provided at the expense of low-quality information.

Finally, the upper left subfigure depicts the predictions under a value function for which both

λ > 1 and σ < 1. The effects described above are combined. Proposition 12 (proof in Appendix
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Figure 5.2.3: Predictions for PCP information provision (Prospect Theory)

5.A.2) describes the behavioral predictions of the non-linear version of our model when varying

the bonus payment γ for the PCP.

Proposition 12.

Let β > 0, λ > 1, and σ < 1.

a) Increasing γ from 0 to µ/4 incentivizes the PCP to provide high-quality information

rather than no information.
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b) Increasing γ from µ/4 to µ/2 incentivizes the PCP to provide more low- and less high-

quality information.

c) Increasing γ from µ/2 to at least µ incentivizes the PCP to provide more high- and less

low-quality information.

Based on Lemma 6 and Proposition 12, we can again formulate testable predictions for our

specific experimental design. These predictions specifiy differences to the predictions for the

linear version of our model (Hypotheses L) and are summarized in Hypotheses NL in Section

5.4, which follows the description of the experimental design and procedures.

5.3 Experiment

5.3.1 Experimental design

In the experiment, subjects take the role of PCPs or specialists. They are matched in groups

of two consisting of one PCP and one specialist. Subjects keep their role and partner through-

out all decision tasks. In each decision task t ∈ {1, . . . , T}, PCPs decide about the provision

of information while referring their patient to the specialist. They can choose between no

information (0), low-quality information (l), or high-quality information (h). Based on the

information passed on, specialists automatically provide the respective optimal medical treat-

ment in our experiment. By implementing the optimal response, we ensure that PCPs know

the exact consequences of their decision and exclude strategic uncertainty as well as risk per-

ceptions as additional influencing factors in our design.3 As in the seminal model of Ellis and

T. G. McGuire (1986), patients are assumed to be fully insured and to accept any medical

services provided.

3We use this specification in order to investigate pure effects of the bonus payment. Following Tversky

and Kahneman (1991), an aversion to lose from their reference profit might still affect PCPs’ decisions

in our riskless decision context.
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We set the cost of providing high-quality information to µ = 5 (and therefore for low-

quality information to µ/2 = 2.5) and implement different values for the bonus payment

γ ∈ {0, 1.25, 2.5, 3.75, 5, 6.25}. If γ < 2.5, PCPs lose profit when passing on low- or high-quality

information compared to passing on no information. If 2.5 < γ < 5, they gain additional profit

when passing on low-quality information but lose profit when passing on high-quality infor-

mation. Finally, if γ > 5, they gain additional profit when passing on information of both

qualities.

The benefit from providing high-quality information is κ and the benefit from low-quality

information is κ/3. Our behavioral predictions indicate that PCPs change their choice of

information provision depending on β, µ, λ, and σ (see Subsections 5.2.2 and 5.2.3). Since

we neither know the individual altruism factor β nor the individual value function parameters

λ and σ before the experiment, we choose a broad range of values for κ for the experiment:

κ ∈ {0, 2, 4, 6, 8, 10, 12, 14, 16, 18}. Combining all values for γ and κ results in T = 60 decision

tasks.

We test the theoretical predictions in five experimental conditions (see Table 5.3.1). We con-

sider the extreme cases that only the patient or only the specialist benefits from information

provision. In our baseline condition, PH , the patient benefits from information provision and

the PCP receives a capitation payment of FPCP = 30. We set the specialist’s capitation pay-

ment to FH
S = 62.5 (high) and choose c̄S = 20 as the specialist’s maximum costs. Hence, the

PCP’s profit is always lower than the specialist’s profit. We use these specifications for the

baseline condition because we assume that usually patients benefit from good communication

between their physicians and because PCPs’ earnings are lower than specialists’ earnings in

most OECD countries (OECD, 2015).

In the second condition, PCN , we implement a version of the bonus payment γ that is cost-

neutral for the payer. Paying a bonus payment to the physicians may not be cost-effective

from the payer’s perspective due to the increased costs. Thus, the payer may want to pay the

bonus payment in a cost-neutral manner if this does not change the PCP’s behavior too much.

We implement this by varying the PCP’s capitation payment based on the bonus payment.

The other experimental parameters are the same as in PH .
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With the third experimental condition, we examine whether PCPs’ information provision de-

pends on who benefits from information provision. In condition SH , only the specialist benefits

from information provision in the form of a cost reduction. All other experimental parameters

are the same as in PH . Note that the specialist’s maximum costs c̄S = 20 exceed the maximal

possible cost reduction from information provision κmax = 18.

With the fourth and the fifth experimental condition, we investigate whether the relative

payments of PCP and specialist or patient, respectively, influence the PCP’s willingness to

pass on information. Accordingly, we vary the size of the specialist’s capitation payment and

the patient’s base benefit b̄ in these conditions. In conditions SL and PL, the specialist’s

capitation payment is reduced to FL
S = 27 (low). Thus, the PCP’s profit always exceeds the

specialist’s (or patient’s) profit.4

Although no subject takes the role of a patient in our experiment, real patients outside the

lab benefit from subjects’ decisions. In particular, the monetary value of patient benefit is

transferred to the German branch of Doctors of the World (Ärzte der Welt e.V., 80807 Munich,

Germany) to support medical treatment for people who have no or only restricted access to

the health care system in Germany. The specific procedure is described in the next section.

5.3.2 Experimental protocol

The computerized experiment was programmed with z-Tree (Fischbacher, 2007) and conducted

at the Essen Laboratory for Experimental Economics (elfe) at the University of Duisburg-Essen,

Germany, from October 2019 to January 2020. We used the online recruiting system ORSEE

4In the experimental conditions in which the patient benefits from information provision, the patient’s

benefit is specified as B = b̄ + b(I). In order to keep the decision situation for PCPs comparable

between conditions independent of who benefits from information provision, patients receive b̄ =

FS − c̄S as base benefit from medical treatment in all experimental conditions. In conditions in

which the specialist benefits from information provision, the patient benefit is reduced to B = b̄.

Since the fixed patient benefit b̄ varies with the specialist’s capitation payment FS , the PCP’s

payment is always lower than the patient’s benefit in conditions with the high payment for the

specialist and always higher in conditions with the low payment for the specialist.
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Table 5.3.1: Experimental conditions

Experimental

condition

Beneficiary from

information provision
FS&b̄ FPCP Tasks Groups

Number

of subjects

PH Patient High Fix 60 20 40

PCN Patient High Varying 60 20 40

SH Specialist High Fix 60 20 40

SL Specialist Low Fix 60 20 40

PL Patient Low Fix 60 20 40

(Greiner, 2015) to recruit the 200 participants. As several experimental studies observe no

qualitative differences in behavioral responses between medical and non-medical students as

well as between medical students and physicians, we chose a conventional subject pool for our

study.5 While this pool of subjects allows identifying the quality of behavioral responses to

bonus payments as argued before, we are still cautious with estimating effect sizes based on

this pool.

Upon arrival in the laboratory, subjects were randomly assigned to cubicles in which the

instructions had been placed before (see Appendix 5.B.1 for the instructions). Once all subjects

had finished reading the instructions, they were asked several questions about the decision

setting (see Appendix 5.B.2 for the comprehension questions). After answering the questions

correctly, subjects were assigned their roles and partner which remained fixed over all 60

decision tasks. The order of the 60 decision tasks was once randomly selected and kept constant

for all sessions.6 In all experimental conditions, subjects were shown a table with the relevant

5See, e.g., Brosig-Koch et al. (2016a), Brosig-Koch et al. (2016b), and Brosig-Koch et al. (2017) or

Hennig-Schmidt and Wiesen (2014). In particular, Brosig-Koch et al. (2016a), Brosig-Koch et al.

(2016b), and Brosig-Koch et al. (2017) include a comparison of medical treatment decisions made

by non-medical students and medical students recruited from a similar subject pool as we use for

this study. For a short discussion see Galizzi and Wiesen (2018).
6We used the same order of tasks in all sessions to keep decisions comparable between different con-

ditions. When we look at the provision of low- and high-quality information over time, we observe

no systematic time trend.
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information for their decision at the beginning of each task, including the resulting PCP profit,

specialist profit, and patient benefit for the three options for information provision. All amounts

were given in Euro and one of the 60 tasks was randomly chosen for payment at the end of

the experiment. This procedure ensures that income effects that might potentially result from

task repetition are excluded.

After the 60 decision tasks, we implemented the three series of pairwise lottery choices from

Tanaka et al. (2010) as the second part of the experiment. The three series are designed such

that subjects’ choices can be used to measure the shape of their value functions according

to prospect theory (Kahneman and Tversky, 1979). In particular, series one and two contain

paired lotteries with only positive outcomes to determine the concavity of the value function (σ)

and the probability weighting function. The paired lotteries in series three contain negative

outcomes and can therefore be used to measure subjects’ loss aversion parameter (λ). We

enforced a monotonic switching point from option A to option B in each of the three series

by showing an error message if subjects switched more than once. The amounts from Tanaka

et al. (2010) were given in tokens and converted to Euro at an exchange rate of 10 tokens =

1.00 Euro. For each subject, one of the 35 lottery choices was randomly selected for payment

and the chosen option was played at the end of the experiment.

As an approximation for subjects’ general altruism, we measured their social value orienta-

tion (svo) using the decomposed game technique (Liebrand, 1984; McClintock and Liebrand,

1988; see also Brosig, 2002, for a description) in the third part of the experiment. In this

part, amounts were again given in Euro and subjects were paid the sum of all amounts they

allocated to themselves and all amounts another subject allocated to “other” in the 24 ques-

tions. Subjects were aware that there would be a second and third part of the experiment but

only shown relevant instructions on screen when a part started. After the third part of the

experiment, we asked subjects to complete a short questionnaire which contained questions on

risk preferences (questions included in the German Socio Economic Panel, see Dohmen et al.,

2011), questions on altruism (based on questions included in the European Values Study, Euro-

pean Values Study, 2015, in the World Values Survey, Inglehart et al., 2014, and in the Global

Preference Survey, Falk et al., 2018), and questions on demographics (age, gender, nationality,

and field of study).
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Subjects in the role of PCPs earned on average 38.08 Euro (min=27.50 Euro, max=206.05

Euro) and subjects in the role of specialists earned on average 37.24 Euro (min=7.60 Euro,

max=107.50 Euro) in the experiment.7 In total, 3098.00 Euro were transferred to Ärzte der

Welt e.V. At the end of each experimental session, we randomly selected a subject to monitor

the transfer procedure. This subject controlled that a transfer order was correctly filled in and

sent to the university’s financial department. Therefore, the monitor and one experimenter

put the order in an envelope and deposited it in the nearest mailbox. The monitor was paid 5

Euro in addition to his or her earnings from the experiment (see, e.g., Hennig-Schmidt, Selten,

et al., 2011, for a similar procedure). Each of the 10 experimental sessions lasted two hours at

the most.

5.4 Hypotheses

Based on our theoretical model and our experimental design, we formulate specific hypotheses

which we test in the experiment. We start with predictions for partially altruistic physicians

derived from the linear version of our model (see Section 5.2.2), i.e. based on Lemma 5 and

Proposition 11. All predictions are independent of the specific level of PCPs’ altruism.

Hypotheses L.

1. Increasing benefit κ, holding payment γ constant:

a) The average amount of high-quality information (over all PCPs) increases in κ.

b) For γ > µ/4 = 1.25, the average amount of low-quality information (over all PCPs)

decreases in κ.

7Note that the large maximum payoffs are due to random draws made in the second part of the exper-

iment in which subjects made pairwise lottery choices. Considering the first part of the experiment

only, subjects in the role of PCPs earned on average 29.74 Euro (min=25.00 Euro, max=33.75 Euro)

and subjects in the role of specialists earned on average 29.60 Euro (min=7.00 Euro, max=52.50

Euro).
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2. Increasing payment γ, for an average over all benefits κ:

a) PCPs do not provide low-quality information for γ ≤ µ/4 = 1.25.

b) Increasing γ from 0 to µ/4 = 1.25 increases the amount of high-quality information

provision and does not affect low-quality information.

c) Increasing γ from µ/4 = 1.25 to µ/2 = 2.5 increases the amount of low-quality

information provision and does not affect high-quality information.

d) All PCPs provide some information quality for γ > µ/2 = 2.5.

e) Increasing γ beyond µ/2 = 2.5 does not have an effect on the provision of either

information quality.

Predictions from the non-linear version of our model (see Section 5.2.3) differ only with regard

to increases in the bonus payment γ beyond µ/4. Instead of Hypotheses L, 2c) and 2e), we

hypothesize based on Lemma 6 and Proposition 12:

Hypotheses NL. Increasing payment γ, for an average over all benefits κ:

a) Increasing γ from µ/4 = 1.25 to µ/2 = 2.5 decreases the amount of high-quality infor-

mation.

b) Increasing γ from µ/2 = 2.5 to at least µ = 5 increases the amount of high-quality

information provision and decreases low-quality information provision.

All other predictions from Hypotheses L remain valid in the non-linear version of our model.

In particular, both versions of our model imply that our results should be robust to the

implementation of a cost-neutral version of the bonus payment, to a change of the beneficiary

of information provision, and to a change of the payoff relation between the PCP and this

beneficiary.
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5.5 Experimental results

In this section, we analyze the decisions made by subjects in the role of PCPs and test the

explanatory power of our theoretical model.8 Since our model includes altruism, we first look at

the general social value orientation of subjects in the role of PCPs before comparing decisions

between conditions. We estimate subjects’ social value orientation (svo) with their decisions

in the social value orientation test which we conducted in the third part of the experiment.

The svo angle is measured from the x-axis in a two-dimensional own-other payoff space to a

subject’s motivational vector which results from his or her choices in the svo test. Based on

this angle, subjects can be classified as prosocial (22.5 to 112.5°) or individualistic (–67.5 to

22.5°). We find no significant differences between conditions for the svo angles as well as for

the classification in types (see Table 5.C.1 in Appendix 5.C). Moreover, we observe that the

svo angle is correlated with altruistic behavior in the main experiment. Over all conditions,

the provision of high-quality information in tasks with γ = 0 is highly positively correlated

with the svo angle (Spearman’s ρ = 0.551, p < 0.001). Thus, the svo angle seems to be a valid

estimate for subjects’ general social value orientations. As the svo angles and types do not

significantly differ between conditions, any differences between conditions cannot be explained

by differences in subjects’ general social value orientations.

In the following, we first test the predictions of our theoretical model in condition PH , the

baseline condition (Subsection 5.5.1). Afterwards, we investigate how a cost-neutral intro-

duction of the bonus payment affects the provision of information (Subsection 5.5.2). In this

subsection we also discuss whether a bonus payment is efficient from the payer’s perspective.

Finally, we check the robustness of our results with regard to a change of the beneficiary from

information provision and a change of the payoff relation between the PCP and the beneficiary

(patient or specialist; Subsection 5.5.3).
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Figure 5.5.1: Share of information passed on by κ (x-axis) and γ (boxes) in condition

PH

5.5.1 Test of model predictions in the baseline condition

In this subsection, we test if decision-making in the baseline condition PH is in line with our

theoretical predictions. Recall that patients benefit from information provision in condition

PH and that the PCPs’ profits are always lower in this condition than the specialists’ profits

(and the patients’ benefits). Figure 5.5.1 depicts the share of high- and low-quality information

by values of γ (different boxes) and κ (x-axis) in condition PH .

We can immediately make the following observations. Without a bonus payment (γ = 0),

PCPs do not provide information in most observations. If information is provided, it is often of

low quality (17.5% low quality, 21.0% high quality). This is consistent with empirical evidence

(Bodenheimer, 2008; Mehrotra et al., 2011). Furthermore, Figure 5.5.1 shows a strong increase

8We use R 3.5.3 (R Core Team, 2019) for the data analysis.
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of low-quality information provision to a share of around 80% from γ < 2.5 to γ ≥ 2.5. Note

that the costs for passing on low-quality information are µ
2 = 2.5. Therefore, PCPs do not

lose profit or even gain additional profit if they pass on low-quality information and receive a

bonus payment of γ ≥ 2.5.

Let us now consider the Hypotheses from Section 5.4 in more detail. We start with Hypotheses

L for the linear version of our model.

Variation in κ (Hypotheses L, part 1):

L, 1a) The average amount of high-quality information (over all PCPs) increases in κ.

In accordance with both versions of our model based on altruism, PCPs are more willing to

provide high-quality information if it results in a larger benefit for patients. Over all values

for γ, PCPs in condition PH pass on high-quality information in only 13.3% of observations

with κ = 2. For κ = 18, the share of high-quality information rises significantly to 40.8%

(p = 0.016, two-sided Wilcoxon matched-pairs signed-rank test (WMP)).

L, 1b) For γ > 1.25, the average amount of low-quality information (over all PCPs) decreases

in κ.

Again, in line with the theoretical predictions, the share of low-quality information decreases

distinctly with κ in tasks with γ > µ
4 = 1.25 (see Figure 5.5.1). While PCPs pass on low-quality

information in 85.0% of observations with γ > 1.25 and κ = 2, they do so in only 60.0% of

tasks with γ > 1.25 and κ = 18 (p = 0.031).

These results show that our model can account for the changes in PCPs’ information provision

that result from a change in the benefit from this provision κ. Furthermore, it confirms that

a considerable portion of PCPs are partially altruistic, i.e., they are willing to provide high-

quality information only if the benefits are large enough. This is an important requirement for

our hypotheses because additional high-quality information could not be incentivized with an

increase in γ if all PCPs were fully egoistic or altruistic.

Variation in γ (Hypotheses L, part 2 + Hypotheses NL):
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Next, we look at the influence of the bonus payment γ on PCPs’ information provision. Table

5.5.1a gives the difference in average low- or high-quality information provision between specific

values for γ1 and γ2 over all values for κ for all subjects as well as respective theoretical

predictions. Let us first consider the predictions of the linear version of our model, that is

Hypotheses L part 2.

Table 5.5.1: Effects of γ on information provision in condition PH

(a) All PCPs (N = 20)

low-quality information high-quality information

γ1 to γ2 Hyp. L Hyp. NL ∆ p-value Hyp. L Hyp. NL ∆ p-value

0 - 1.25 0 0 −0.060 0.211 + + 0.065 0.062

1.25 - 2.5 + + 0.640 0.000 0 – −0.055 0.250

2.5 - 6.25 0 – −0.075 0.070 0 + 0.100 0.004

(b) PCPs with λ̂ > 1 and σ̂ < 1 (N = 14)

low-quality information high-quality information

γ1 to γ2 Hyp. L Hyp. NL ∆ p-value Hyp. L Hyp. NL ∆ p-value

0 - 1.25 0 0 −0.071 0.422 + + 0.086 0.094

1.25 - 2.5 + + 0.600 0.000 0 – −0.079 0.250

2.5 - 6.25 0 – −0.107 0.031 0 + 0.121 0.016

Note: Differences in average provision of low and high-quality information between γ1 and γ2.

Reported p-values result from two-sided Wilcoxon matched-pairs signed-rank tests using average

values over all κ for subjects. They test the null hypothesis that information provision does not

differ between γ1 and γ2. The columns “Hyp. L” and “Hyp. NL” summarize predictions from

Hypotheses L and NL, respectively.

L, 2a) PCPs do not provide low-quality information for γ ≤ 1.25.

Against our model’s prediction, PCPs provide low-quality information in 14.5% of observations

with γ ≤ µ
4 = 1.25. This share differs significantly from zero (p = 0.004, two-sided Wilcoxon
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signed-rank test). This result could potentially be explained by a desire to at least provide

some information and, thus, increase patient benefit, even if it is inefficient. In other words,

the PCPs may value patient benefits in a non-linear way rather than a linear way as assumed

by our model.

L, 2b) Increasing γ from 0 to 1.25 increases the amount of high-quality information provision

and does not affect low-quality information.

We observe that PCPs in condition PH indeed pass on information of low quality similarly

often in tasks with γ2 = 1.25 as in tasks with γ1 = 0 (∆ = −0.060, p = 0.211, WMP), but pass

on high-quality information somewhat more often (∆ = 0.065, p = 0.062).

L, 2c) Increasing γ from 1.25 to 2.5 increases the amount of low-quality information provision

and does not affect high-quality information.

In line with the predictions, PCPs more often pass on information of low quality (∆ = 0.640,

p < 0.001) when the bonus payment increases from γ1 = 1.25 to γ2 = 2.5 and thus covers the

costs for providing low-quality information (µ2 = 2.5). There is no significant difference with

regard to the provision of high-quality information (∆ = −0.055, p = 0.250).

L, 2d) All PCPs provide some information quality for γ > 2.5.

For γ > 2.5, the bonus payment covers the costs for low-quality information provision. PCPs

always pass on information. They provide low-quality information in 71.3% and high-quality

information in 28.7% of observations with γ > 2.5.

L, 2e) Increasing γ beyond 2.5 does not have an effect on the provision of either information

quality.

For an increase of the bonus payment beyond γ = µ
2 = 2.5, the linear version of our model

predicts no changes in information provision. However, we observe that the share of low-quality

information decreases somewhat (∆ = −0.075, p = 0.070), while the share of high-quality

information increases (∆ = 0.100, p = 0.004) when the bonus payment increases from γ1 = 2.5

to γ2 = 6.25.

162



5.5. Experimental results

Since our experimental observations cannot be fully explained by the linear version of our

model, we further test the non-linear version of our model in which we consider a value function

which includes aversion to losses from a reference point in the PCP’s utility function (see

Subsection 5.2.3). In contrast to the linear version, predictions of the non-linear version of our

model differ only in Hypotheses NL which substitute Hypotheses L, 2c) and 2e).

NL, a) Increasing γ from 1.25 to 2.5 decreases the amount of high-quality information.

Although the share of high-quality information tends to decrease when the bonus payment

increases from γ1 = 1.25 to γ2 = 2.5 (∆ = −0.055), the difference is not significant (p =

0.250).

NL, b) Increasing γ from 2.5 to at least 5 increases the amount of high-quality information

provision and decreases low-quality information provision.

In line with the hypothesis (and as described with regard to Hypothesis L, 2e)), PCPs pass on

information of low quality less often (∆ = −0.075, p = 0.070) and information of high quality

more often (∆ = 0.100, p = 0.004) as the bonus payment increases from γ1 = 2.5 to γ2 = 6.25.9

This implies that our experimental observations for higher bonus payments (i.e., γ > 1.25) are

more in line with the non-linear version of our model which accounts for an aversion to losses

from a reference point in the PCP’s utility function than with the linear version.

Since predictions from Hypotheses NL are only valid for loss-averse physicians with an S-shaped

value function, we also analyze observations separately for subjects with λ̂ > 1 and σ̂ < 1. We

estimate the parameters λ̂ and σ̂ from subjects’ decisions in the second part of the experiment.

Table 5.5.1b gives the difference in average low- or high-quality information provision between

γ1 and γ2 over all values of κ for subjects with λ̂ > 1 and σ̂ < 1. Again, we find support for

Hypotheses NL. Although the decrease in high-quality information provision between γ1 = 1.25

and γ2 = 2.5 is not significant also for this population, the share of information provided tends

9We find qualitatively the same results when we consider a change from γ1 = 2.5 to γ2 = 5.

163



Chapter 5. Rewards for Information Provision in Patient Referrals

to change in the predicted direction.10 11

Result 1. Without a bonus payment, little information is provided with a considerable share of

low-quality information. The introduction of a bonus payment increases the provision of both

low- and high-quality information. PCPs provide less low- and more high-quality information

as the benefit from information provision increases to at least cover the costs of high-quality

information. This observed behavioral pattern is in line with the non-linear version of our

model considering aversion to losses from a reference point in addition to altruism in the

PCP’s utility function.

5.5.2 Effects of a cost-neutral version of the bonus payment

and welfare implications

In this subsection, we analyze how a cost-neutral version of the bonus payment influences

information provision. For this purpose, we reduced the PCP’s capitation payment by the costs

which incur to the payer in expectation. More specifically, based on our theoretical predictions,

PCPs receive F var
PCP = FPCP − γ in tasks with γ ≥ 2.5 in condition PCN . For γ < 2.5, ,

the theoretical predictions for information provision depend on the benefit from information

provision κ and on physician altruism β. In order to estimate the costs for information provision

10On average, subjects in the role of PCPs have an estimated curvature of σ̂ = 0.78 and an estimated

loss aversion λ̂ = 3.22 in the baseline condition PH . Over all conditions, the values are σ̂ = 0.71

and λ̂ = 3.14. Thus, our PCPs are strongly loss averse but their value functions only show a

moderate curvature on average. This may help to explain our weak results for Hypothesis NL, a)

and strong results for Hypothesis NL, b) since a) only holds for σ < 1, whereas b) is mostly driven

by loss-aversion (see Figure 5.2.3).
11We also analyze decisions of subjects who do not exhibit λ̂ > 1 and σ̂ < 1 separately. The difference

in average low- or high-quality information provision between γ1 and γ2 for these subjects is given

in Table 5.C.2 in Appendix 5.C. The observed reactions to an increase in γ from these subjects

are in line with predictions for changes in the share of low-quality information in the linear model.

However, these subjects do not significantly change their rate of high-quality information with an

increase in γ which is not in line with either version of our model. As only 6 subjects in the role of

PCPs do not exhibit λ̂ > 1 and σ̂ < 1, we are cautious drawing conclusions from these observations.
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for γ < 2.5, we conducted experimental sessions for condition PH before determining the

experimental parameters for PCN . In condition PH , PCPs pass on information of any kind

in about 40% of observations with γ < 2.5. Assuming a similar rate for PCN , we specify

F var
PCP = FPCP − 0.4γ for γ < 2.5. The actual amounts paid to PCPs are almost identical for

all levels of γ, confirming that condition PCN is indeed cost-neutral.12
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Figure 5.5.2: Effects of γ on information provision in conditions PH and PCN

Figure 5.5.2 depicts the average low- and high-quality information provision in conditions PH

and PCN . In line with our models that do not imply a difference between the PCPs’ decisions

made in conditions PCN and PH , subjects in the role of PCPs provide, on average, a similar

share of low- and high-quality information in both conditions in the absence of a bonus payment

(χ2 = 0.052, p = 0.977, multivariate Kruskal-Wallis test; see also Table 5.C.3 in Appendix 5.C)

as well as over all values for γ (χ2 = 0.035, p = 0.983).13

As a result, we observe very similar responses to changes in γ in condition PCN as in PH . There

is only one significant difference with regard to PCPs’ responses between the two conditions:

While the share of low-quality information significantly increases in PCN between γ1 = 0 and

12The amount paid to a PCP in tasks without bonus payments in conditions PH and PCN corresponds

to 30 Euro. In condition PCN , the amounts are in the range [29.84, 30.09] over all values for γ.
13We perform an approximative version of the multivariate Kruskal-Wallis test (Puri and Sen, 1966;

Puri and Sen, 1971) using the R package coin (Hothorn et al., 2008).
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γ2 = 1.25, there is no significant change in PH (PH : ∆ = −0.060, PCN : ∆ = 0.180, p < 0.001,

MWU).

Result 2. Information provision is similar regardless of whether the bonus payment is designed

cost neutrally or not.

Now, we take a look at the welfare implications of our findings. We take the perspective of a

payer who considers both the benefit of information provision b and his own payments p. The

question we are interested in answering is whether the additional bonus payments are justified

by the additional benefits from information provision. Figure 5.5.3 shows, ∆(b−p), the change

in average payer welfare relative to γ = 0 (∆(b − p) ≡ b(γ) − p(γ) − [b(γ = 0) − p(γ = 0)]),

depending on the bonus payment γ for different levels of κ in the baseline condition PH

and the cost-neutral condition PCN . For the cost-neutral condition PCN , an increase in γ is

compensated by a decrease in the capitation payment FPCP .
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Figure 5.5.3: Average payer welfare (relative to γ = 0) depending on γ for different levels

of κ (small: κ < 5, medium: 5 ≤ κ < 14, large: 14 ≤ κ)

For the baseline condition PH , Figure 5.5.3 shows that a bonus payment is not effective for small

and medium values of κ. As shown in Figure 5.5.1, little low- and high-quality information

is provided in this range for small values of γ and it generates only few benefits. If γ is
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increased to 2.5, low-quality is triggered but it only provides little value. Furthermore, as only

some PCPs change their information provision between two levels of γ, the payer’s welfare

additionally deteriorates for an increase in γ due to the extra payments to PCPs who already

provide information for smaller bonus payments.

For large κ, however, γ = 1.25 and γ = 2.5 enhance payer welfare compared to γ = 0 with

γ = 1.25 leading to the highest payer welfare. This is because the amount of high-quality

information increases for γ = 1.25. For high values of κ, this enhances welfare. Increasing γ

to 2.5 yields more low-quality information which is less efficient from the payer’s perspective.

Increasing γ from 2.5 to at least 5 improves information quality. However, this effect can not

compensate for the increased costs of the bonus payment. Thus, large bonus payments are not

efficient if their implementation is not cost-neutral.

In condition PCN , payer welfare is always higher for a positive payment as the payer benefits

from any type of information provision without extra costs. Due to the strong increase in low-

quality information, payer welfare increases strongly from γ = 0 to γ = 2.5 for any positive

level of κ. Additionally, if κ is large, a payment that covers the costs of high-quality information

(γ = 5) performs best due to enhanced average information quality.

Result 3. In the confines of our experiment, we find that the payer who is not able to implement

the bonus payment in a cost-neutral manner should only pay a bonus payment if the benefit from

information provision κ is sufficiently large. The bonus payment should not exceed half the costs

for the provision of low-quality information (γ = 1.25). If the payer is able to implement the

bonus payment in a cost-neutral manner, he should pay a larger bonus payment (e.g., γ = 5).

5.5.3 Robustness checks

In this subsection, we test whether our results obtained in the baseline condition are robust

to a change of the beneficiary of information provision as well as to a change of the payoff

relation between the PCP and the beneficiary. We first test whether PCPs pass on the same

information if the specialist benefits from information provision instead of the patient. For this

purpose, we compare decisions made in condition SH to those made in the baseline condition
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PH . Differences between both conditions might particularly occur if PCPs are more or less

altruistic towards specialists than towards patients. According to our models, more altruistic

physicians will supply more high-quality information for any level of bonus payment. Therefore,

we focus on this type of information. As depicted in Figure 5.5.4, PCPs less often pass on

information of high quality if specialists benefit from information provision on average over all

bonus payments for κ > 0 (5.8% versus 28.1%; χ2 = 8.251, p = 0.011, multivariate Kruskal-

Wallis test; see also Table 5.C.3 in Appendix 5.C for values over all κ). This observation

might be explained by a lower degree of altruism of PCPs towards specialists than towards

patients, at least as long as the PCP receives a lower profit than the specialist and the patient,

respectively.
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Figure 5.5.4: Average high-quality information provision over all bonus payments γ over

values for κ
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We also test whether the type of the beneficiary matters for PCPs’ information provision for the

case that the PCP receives a higher profit than the beneficiary (condition SL versus condition

PL). As shown in Figure 5.5.4, PCPs pass on information of high quality similarly often if

specialists instead of patients benefit from information provision over all bonus payments for

κ > 0 (33.8% versus 38.4%; χ2 = 3.026, p = 0.215, multivariate Kruskal-Wallis test). Hence,

we cannot reject the null hypothesis that PCPs are equally altruistic in both conditions.

Result 4. The beneficiary from information provision only matters for information provision

when this beneficiary has a higher profit than the PCP. Then, PCPs pass on less high-quality

information on average when specialists benefit from information provision than when patients

benefit.

In conditions SL and PL, specialists and patients receive a lower payoff than PCPs compared

to conditions SH and PH . We can therefore test whether the payoff relation between the PCP

and the beneficiary of information provision matters for PCP’s behavior. We first compare

PCPs’ information provision between condition PL and the baseline condition PH . In both

conditions, patients benefit from information provision. Although the share of high-quality

information tends to be slightly larger in PL than in PH (see Figure 5.5.4 and Table 5.C.3 in

Appendix 5.C), information provision is not significantly different between the two conditions

in tasks with κ > 0 (χ2 = 2.765, p = 0.267, multivariate Kruskal-Wallis test).

Next, we consider the scenario where specialists benefit from information provision, i.e., we

compare PCPs’ decisions made in condition SL to those made in SH . We observe that the share

of high-quality information is significantly higher in condition SL than in SH when considering

tasks with κ > 0 (χ2 = 7.459, p = 0.020, multivariate Kruskal-Wallis test; see Figure 5.5.4). If

κ = 0, PCPs pass on information of high quality in only a few cases (SH : 3.3%, SL: 13.3%).

Result 5. The payoff relation between the PCP and the beneficiary of information provision

only matters for PCPs’ information provision when specialists benefit but not when patients do.

When specialists benefit from information provision, PCPs pass on less high-quality information

when specialists have higher earnings than when specialists have lower earnings than PCPs.
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Overall, our observations regarding the influence of the payoff relation between the PCP and

the beneficiary of information provision and regarding the type of the beneficiary might be

explained by a lower degree of altruism, which is revealed by PCPs if two conditions hold.

First, PCPs earn less than the beneficiary of information provision and second, this beneficiary

is a specialist and not a patient.

5.6 Conclusion

In order to study whether bonus payments for information provision can improve the infor-

mation flow between physicians, we propose a theoretical model according to which PCPs can

pass on information to specialists at a cost. Information can be of low or of high quality.

We assume high-quality information to be more cost-effective and examine an agency problem

in which the payer is not able to discriminate between low- or high-quality information and

can only implement a bonus payment for information provision independent of its quality.

Regarding the PCP’s utility function, we consider both linear preferences and an aversion to

losses from a reference point. Both versions of our model predict that partially altruistic PCPs

provide more high-quality information when the benefit from information provision increases.

Furthermore, a bonus payment for information provision induces the provision of low- and

high-quality information. The hypotheses for partially altruistic PCPs regarding changes in

the bonus payment depend on the assumed utility function. In contrast to a linear utility

function, a non-linear model based on prospect theory predicts that high-quality information

provision first decreases and then increases if the bonus payment is raised.

We test the theoretical predictions in a controlled laboratory experiment that allows to observe

ceteris paribus variations of parameters. Our results confirm the empirical observation that

little information is passed on without a bonus payment and that a considerable share of the

information is of low quality. In line with our hypotheses, PCPs provide less low- and more

high-quality information as the benefit from information provision increases. PCPs pass on

more information on average as the bonus payment increases. Average information quality

increases if the bonus payment covers the costs of high-quality information provision instead of

covering only the costs of low-quality information. This observed behavioral pattern is in line

170



5.6. Conclusion

with the non-linear version of our model considering an aversion to losses from a reference point

in addition to altruism. These results hold independently of whether the bonus payment is

designed cost neutrally or not. Overall, paying for information provision is cost-effective from

a payer’s perspective mostly if the benefits are high and the bonus payment at most covers the

costs for providing information of low quality. An exception is the cost-neutral introduction

of a bonus payment. In this case, a bonus payment that covers the costs for high-quality

information performs well in our experiment.

Checking the robustness of our results with regard to changes in the decision-setting, we find

that the provision of high-quality information depends on an interaction of who benefits from

information provision and the payoff relation between beneficiaries and PCPs. On average,

PCPs pass on less high-quality information when specialists benefit from information provision

and specialists have higher earnings than PCPs, indicating less concern for the payoff of the

high earning specialist.

Our experimental study based on a theoretical model sheds light on a number of key issues

pertaining to the information provision between physicians and may therefore be informative

for the design of programs which seek to improve information exchange. In particular, our

results indicate that bonus payments may lead to a considerable amount of low-quality infor-

mation provision. Paying for information in form of extra bonuses may therefore generate only

little welfare gains. This favors bonus schemes which are financed by the reduction of other

payment components. A limitation is that our experimental analysis relied on assumptions

on parameters for which no empirical estimates are yet available. This calls for future work

aimed at modeling more closely actual information provision bonus programs and the costs

and benefits involved.
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Appendices

5.A Proof of Propositions

5.A.1 Proof of Proposition 2

Proof. a) κh,l ≤ κl,0 ⇐⇒ γ ≤ µ/4 ⇐⇒ κh,0 ≤ κl,0.

If the PCP is willing to provide low-quality information rather than no information at all,

this implies βκ/3 ≥ µ/2 − γ. For γ ≤ µ/4, this implies U(h) = βκ − µ ≥ βκ/3 − µ/2 =

U(l) and therefore the PCP prefers providing high-quality information rather than low-quality

information. This implies that, if γ = 0, the PCP will provide high-quality information for

κ ≥ κh,0(γ = 0) = µ/β and will provide no information otherwise.

b) ∂κh,0/∂γ < 0 and µ/β > κh,l.

Hence, as long as κh,0 ≥ κh,l ⇐⇒ γ ≤ µ/4, high-quality information provision increases. For

γ = µ/4, κh,0 = κh,l = κl,0 and for any κ ≥ κh,l, I∗ = (1, h).

c) κh,l ≥ κl,0 ⇐⇒ γ ≥ µ/4 and ∂κl,0/∂γ < 0.

Therefore, more low-quality information is provided for κ ∈ [κl,0, κh,l] with rising γ. Since

κh,0 ≥ κl,0 ⇐⇒ γ ≥ µ/4, no further high-quality information is provided. Changing γ does

not impact whether a PCP prefers low- or high-quality information for a given κ. Hence, the

provision of high-quality information remains unchanged. For γ = µ/2, κl,0 = 0. Therefore,

there is no increased information provision beyond this point.
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5.A.2 Proof of Proposition 3

Proof. Let β > 0 be fixed. First, note that κh,l = κh,0 = κl,0 ⇐⇒ γ = µ(1−31/σ/2)

1−31/σ
∈ [µ/4, µ/2).

Thus, for γ ≤ µ/4, PCPs provide no information if κ ≤ κh,0 and high-quality information if

κ ≥ κh,0. For γ ≥ µ/2, PCPs provide low-quality information if κ ≤ κh,l and high-quality

information if κ ≥ κh,l.

a) κh,0(γ = µ/4)− κh,0(γ = 0) = λ/β[(3µ/4)σ − µσ] < 0

This implies that the minimum κ for which the PCP is indifferent between supplying h and 0

shrinks. Therefore, the PCP is incentivized to play I∗ = h rather than I∗ = 0.

b) κh,l(γ = µ/2)− κh,0(γ = µ/4) = λ/β[3/2(µ/2)σ − (3µ/4)σ] > 0

c) Let w ≥ 0, then κh,l(γ = w+µ)−κh,l(γ = µ/2) = 3/(2β)[(w+µ/2)σ−wσ−λ(µ/2)σ] < 0.
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5.B Information on the experiment

5.B.1 Instructions of the experiment (translated from German)

Note that the instructions refer to condition PH . The text in squared brackets [] denotes

changes for other conditions.

Welcome to the experiment!

You are participating in a study on decision-making in experimental economics research. Dur-

ing the experiment, you are asked to make decisions. By doing so, you can earn money. How

much money that is depends on your decisions and on the decisions of other participants.

Immediately after the experiment, all participants are paid individually in cash. Please stay

therefore seated after the experiment until your cubicle number is called.

The experiment takes about 120 minutes including the payment procedure and consists of

three different parts. Presumably, part 1 takes considerably longer than part 2 and part 3.

Before each of the three parts of the experiment, you receive detailed instructions. Please note

that your decisions in one part of the experiment do not have any influence on another part

of the experiment.

In part 1 and 3 of the experiment, all amounts are given in Euro. In part 2 of the experiment, all

amounts are given in tokens. During the experiment, no participant receives any information

about the identity of other participants.

Part 1

Please read the following instructions carefully. In case you have questions, you can raise

your hand or open the door at any time. We will then come to your cubicle and answer your

question.

In the first part of the experiment, you are taking part in 60 decision periods. There are

participants in the role of primary care physicians and participants in the role of specialists.
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At the beginning of the first decision period, one of the two roles, primary care physician or

specialist, is randomly assigned to you. You keep your role during all 60 decision periods. Each

primary care physician is matched with one specialist. This matching is also retained during

all decision periods.

Description of the decision periods

In each of the 60 decision periods, the primary care physician refers a patient to the specialist.

The primary care physician has examined the patient and has information on the diagnosis.

The primary care physician cannot treat the patient himself but needs to refer the patient

to the specialist for treatment. With the referral, the primary care physician can pass on

information on the diagnosis to the specialist. He has three options for this:

i He can pass on no information. This will incur no costs for information provision.

ii He can pass on information of low-quality. This will incur costs of 2.50 Euro.

iii He can pass on information of high-quality. This will incur costs of 5.00 Euro.

The costs for information provision are kept constant for all decision periods and are displayed

on screen at the beginning of each period as a reminder. When the primary care physician

passes on information to the specialist, there is an additional benefit for the patient [S: a cost

reduction for the specialist]. The size of the benefit [S: the cost reduction] depends on the

information quality and may vary between decision periods. The primary care physician is

displayed the benefit for the patient [S: the cost reduction for the specialist] from information

provision on screen for each of the three options for information provision at the beginning of

each period. Based on the information passed on by the primary care physician, the exami-

nation and treatment decision which is optimal for the patient is made automatically for the

specialist. Real patients will benefit from the monetary value of patient benefit (see section

“Payment”).

Physician income and patient benefit
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The primary care physician receives a capitation payment of 30 Euro in each period. [CN:

The primary care physician receives a capitation payment in each period.] If he passes on

information about the diagnosis to the specialist, he also receives an additional bonus payment.

The size of the bonus payment [CN: The size of the capitation payment depends on the size

of the bonus payment. The latter] is independent of the information quality and may differ

between decision periods. The size of the [CN: capitation payment and the size of the] bonus

payment is displayed on screen to the primary care physician at the beginning of each period.

The specialist receives a capitation payment of 62.50 Euro [L: 27 Euro] in each period. He

incurs costs for the diagnosis of 20 Euro. [S: If the primary care physician passes on information

on the diagnosis to the specialist, the information provision reduces the specialist’s costs.]

Income of the primary care physician =

30.00 (Capitation payment) [CN: Capitation payment]

− Costs for information provision (Costs primary care physician)

+ Bonus payment for information provision

Income of the specialist =

62.50 [L: 27] (Capitation payment)

− 20.00 (Costs specialist)

[S: + Cost reduction from information provision]

The patient receives a benefit of 42.50 Euro [L: 7 Euro] from treatment in each period. If the

primary care physician passes on information for the diagnosis to the specialist, the patient

reveives an additional benefit from information provision.

Patient benefit =

42.50 [L: 7] (Benefit from treatment)

+ Benefit from information provision
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The income of both physicians and the patient’s benefit are displayed to both physicians on

screen at the beginning of each period. At the end of each period, both physicians are displayed

their own income, the other physician’s income and the patient’s benefit on screen.

Payment

Upon completion of part 1, one of the 60 decision periods is randomly selected for payment.

The payment of physicians or patients are determined from this period. The payment results

from the income or benefit in this period. This amount is paid out in cash at the end of the

experiment together with the earnings from the other parts of the experiment.

In this part of the experiment, no participants in the role of patients are physically present

in the laboratory. Real patients benefit from the patient benefits resulting from the decisions

made in the randomly selected period. The monetary value of these benefits in Euro is provided

for national projects of Ärzte der Welt e.V., 80807 Munich. These projects provide basic health

care for people in Germany who do not have health insurance or for other reasons do not have

access to the health system. Ärzte der Welt e.V. bears the DZI Seal-of-Approval which certifies

that the donations are used transparently, purposefully and economically.

After the experiment, the amount is transmitted to Ärzte der Welt e.V. by the experimenter

together with a control person. The control person enters the amount in Euro, which results

from the realized patient benefits of the randomly selected round, into a form for payment order

to Ärzte der Welt. The payment of the amount from the funds earmarked for this experiment

is then arranged by the financial administration of the University of Duisburg-Essen to Ärzte

der Welt. The form is placed in a postpaid envelope addressed to the finance department of

the University of Duisburg-Essen. This envelope is then posted in the nearest mailbox by the

control person together with the experimenter.

After part 3 of the experiment, one participant is randomly chosen as the control person. The

control person receives a compensation of 5 Euros for this task in addition to the payment

from the experiment. The control person confirms by signing a statement which can be viewed

by all participants in the office of the Chair of Quantitative Economic Policy (Room WST-

A.10.08) that he/she has correctly fulfilled the tasks described here. All participants of the
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experiment may upon request also see a payment receipt from Ärzte der Welt in the office of

the above-mentioned chair.

The payment for part 1 is only made at the end of the experiment. Not until then you will be

shown the payment information on screen.

Prior to the 60 decision periods, we ask you to complete a comprehension test on screen.

The decision periods will start as soon as all participants have answered the comprehension

questions correctly. These questions do not affect your payment.

Part 2 and part 3

The instructions for part 2 and part 3 of the experiment will appear on screen when the part

starts. In part 2, all amounts are given in tokens, in part 3 all amounts are given in Euro.

At the end of the experiment, your earnings from part 2 are converted to Euro. Subsequently,

your earnings from all three parts of the experiment are added up and paid to you in cash.

After part 3 of the experiment, a questionnaire opens. The payment procedure starts after all

participants have answered the questionnaire completely.

Part 2 (on screen)

In part 2 of the experiment, you see three lists with pairs of different lotteries on screen. Lists

1 and 2 each contain 14 pairs of different lotteries, list 3 contains 7 pairs of different lotteries.

The pairs of lotteries each differ in payments, not in probabilities for the possible payments.

For each of the 35 pairs of lotteries in total, you have to choose either option A or option B.

The payments of the lotteries are given in tokens with 10 tokens = 1 Euro. At the end of the

experiment, one of the 35 pairs of lotteries is randomly chosen for payment. The option you

have chosen for this pair is carried out. The payment from this lottery is converted to Euro at

the end of the experiment and paid to you in cash together with your earnings from the other

parts of the experiment.
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Part 3 (on screen)

In part 3 of the experiment, you are randomly matched with another participant. In the

following we name the other participant “the other person”. You do not receive any information

about the other person’s identity. Conversely, the other person receives no information about

your identity.

You and the other person see 24 questions. In each question, you can both choose independently

between option A and option B. Each option allocates a certain amount of money in Euro to you

and the other person. Your payment is determined by the sum of monetary amounts assigned

to you in all 24 questions. You receive the sum of monetary amounts you have allocated to

yourself. In addition, you receive the sum of monetary amounts the other person has allocated

to you. The other person receives the sum of monetary amounts you allocated to the other

person and the sum of monetary amounts they allocated to themselves. This means that your

decisions affect both your own payment and the payment of the other person. Likewise, the

other person’s decisions affect your payment and the payment the other person receives.

For each of the 24 questions, please indicate the option you prefer most. Once you have made

your decision, mark the appropriate item and click “OK” to proceed to the next question.

5.B.2 Comprehension questions (PH [SH])

1. Assuming, the following values are given in a period:

a. What would be the costs for information provision for the primary care physician if the

primary care physician passes on information of low-quality?

b. What would be the benefit from information provision for the patient [cost reduction

from information provision for the specialist] if the primary care physician passes on

information of low-quality?

c. What would be the income of the primary care physician if he passes on information of

high-quality to the specialist?
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For passing on

no information

For passing on

information

of low-quality

For passing on

information

of high-quality

Costs for information provision 0.00 2.50 5.00

Bonus payment

for information provision
0.00 3.00 3.00

Benefit for the patient

[Cost reduction for

the specialist]

from information provision

0.00 3.00 9.00

Income primary care physician 30.00 30.50 28.00

Income specialist 42.50 42.50 [45.50] 42.50 [51.50]

Total patient benefit 42.50 45.50 [42.50] 51.50 [42.50]

Please mark the correct answer in each case:

2. The income of physicians or the benefit of the patient from how many decision periods is

paid out?

a. The income of physicians or the benefit of the patient from one randomly selected period.

b. The sum of the income of physicians or the benefit of the patient from 3 randomly

selected periods.

c. The sum of the income of physicians or the benefit of the patient from all periods.

3. Participants in the role of a specialist . . .

a. . . . decide in each period on passing on information.

b. . . . do not make own decisions about the examination and treatment of the patient.

The optimal examination and treatment decision is made automatically.
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c. . . . decide in each period on the examination and treatment of the patient.
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5.C Additional figures and tables
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Table 5.C.1: Classification from social value orientation test

Svo type

Svo angle prosocial individualistic

PH 20.804 9 11

PCN 16.434 11 9

SH 15.807 7 13

SL 13.999 9 11

PL 22.731 10 10

Null hypothesis p-valuea p-valueb

PH = PCN 0.580 0.752

PH = SH 0.680 0.748

PH = PL 0.454 0.751

SH = SL 0.620 0.748

SL = PL 0.093 1.000

Note: Average angle resulting from decisions in the social

value orientation test and number of subjects in the role of

primary care physicians who are classified as a specific type

based on the angle. For simplicity, we subsume the “altruistic”

and “cooperative” type as “prosocial” and the “individualis-

tic” and “competitive” type as “individualistic”. Considering

all four types separately leads to similar results. a) Reported

p-values result from two-sided Mann-Whitney U-tests. They

test the null hypothesis that the svo angles are the same in

the respective conditions. b) The p-values result from Fisher’s

exact tests. They test the null hypothesis that the number of

PCPs who are categorized as a specific svo type is indepen-

dent of the condition. (N = 20)
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Table 5.C.2: Effects of γ on information provision in condition PH for PCPs without

λ̂ > 1 and σ̂ < 1 (N = 6)

low-quality information high-quality information

γ1 to γ2 Hyp. L Hyp. NL ∆ p-value Hyp. L Hyp. NL ∆ p-value

0 - 1.25 0 0 −0.033 1.000 + + 0.017 0.750

1.25 - 2.5 + + 0.733 0.031 0 - 0.000 –

2.5 - 6.25 0 - 0.000 1.000 0 + 0.050 0.500

Note: Differences in average provision of low and high-quality information between γ1 and γ2 for

physicians without λ̂ > 1 and σ̂ < 1 (N = 6). Reported p-values result from two-sided Wilcoxon

matched-pairs signed-rank tests using average values over all κ for subjects. They test the null

hypothesis that information provision does not differ between γ1 and γ2. The columns “Hyp. L”

and “Hyp. NL” summarize predictions from Hypotheses L and NL, respectively.

Table 5.C.3: Information provision

All γ = 0 γ = 1.25 γ = 2.5 γ = 6.25

N Low High Low High Low High Low High Low High

PH 20 0.531 0.261 0.175 0.210 0.115 0.275 0.755 0.220 0.680 0.320

PCN 20 0.562 0.213 0.095 0.165 0.275 0.200 0.760 0.205 0.750 0.225

SH 20 0.607 0.056 0.045 0.020 0.120 0.030 0.815 0.040 0.875 0.110

SL 20 0.484 0.318 0.095 0.280 0.230 0.260 0.600 0.345 0.635 0.365

PL 20 0.473 0.355 0.235 0.245 0.315 0.230 0.615 0.350 0.485 0.510

Note: Average share of low-quality and high-quality information provision for specific values of γ.
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Summary

As patients’ needs get increasingly complex such that multiple physicians are required

for patient care, cooperation of physicians is increasingly important for the provision of

high-quality and cost-efficient care. However, empirical evidence suggests that physician

cooperation is deficient in practice. Specifically, some patients who require specialist

care are not referred by their PCP (under-referral) and some patients who do not re-

quire specialist care are referred anyways (over-referral). Furthermore, the information

exchange between physicians is flawed. Frequently, no information is sent at all, and if

it is, it is often of low quality. Additionally, management of chronic diseases has been

observed to often be improper, leading to avoidable future treatments.

This thesis analyzes physician cooperation with the help of theoretical models and a

laboratory experiment. Based on this analysis, this thesis makes recommendations con-

cerning the design of contracts in order to improve physician cooperation. This thesis is

split up into three parts, their main results are outlined below.

The first part studies altruistic physicians who may prefer effective but expensive spe-

cialist treatment to more efficient PCP treatment. In order to align the incentives of

physicians with the payer’s aims, markups for immediate PCP treatment or cost shar-

ing for specialist treatment can be employed. The main result of the first part is that

incentives for specialists matter for the referral incentives of PCPs. Due to higher rent-

efficiency, it may be preferable for the payer to employ cost sharing for the specialist

rather than markups for the PCP in order to align both physicians’ incentives simulta-

neously.

Part two compares two options for the organizational design of physicians—solo practices

and a physician team—for the management of chronically ill patients by a PCP and a

specialist. The main result is that solo practices can be superior to teams despite the

existence of coordination problems between physicians. If the difference in treatment

costs between patients of different disease severities is larger for the specialist than
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for the PCP, treatment is inefficient in the team. By contrast, in the solo practices a

gatekeeping outcome in which only severely ill patients are referred to the specialist can

always be implemented. If, on the other hand, treatment cost differences are larger for

the PCP, the team yields superior treatment outcomes. In this case, markups should be

paid for PCP treatment and cost sharing should be imposed on specialist treatment in

order to incentivize physician effort in the team.

Part three studies the information provision of a PCP who refers a patient to a specialist.

She can decide whether to provide information and which information quality to provide.

This part considers the impact of a bonus payment for information provision with the

help of a theoretical model and a laboratory experiment. The bonus payment depends

on whether information was provided but not on the quality of information, which is

not verifiable by the payer. Without a bonus payment too little information is provided.

Paying a bonus payment leads to an increase in both high- and low-quality information.

Increasing the bonus payment from just covering the cost of low-quality information to at

least covering the costs of high-quality information results in an increase in high-quality

information and a decrease in low-quality information. This behavior can be explained

by a model that considers both altruism and loss aversion. An additional result of part

three is that PCPs act in a significantly more selfish manner if the specialist both benefits

from the information provision instead of the patient and earns larger profits than the

PCP.
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Zusammenfassung

Die Behandlung von Patienten erfordert zunehmend die Anstrengungen mehrerer Ärzte.

Daher gewinnt die zwischenärztliche Kooperation zunehmend an Bedeutung. Empirische

Evidenz deutet jedoch darauf hin, dass Ärzte häufig in unzureichendemMaße kooperieren.

Zum Beispiel werden Patienten, die eigentlich die Behandlung eines Facharztes bräuchten,

nicht überwiesen. Zudem werden Patienten, die keine Überweisung bräuchten, trotzdem

überwiesen. Außerdem ist der Informationsaustausch zwischen Ärzten mangelhaft. Oft

wird keine Information mit der Überweisung gesandt, und wenn doch, ist sie häufig von

niedriger Qualität. Zudem werden chronisch Kranke häufig nicht angemessen behan-

delt. Dies bedroht den Gesundheitszustand der Patienten und kann zu vermeidbaren

Behandlungen führen.

Diese Dissertation analysiert die Kooperation von Ärzten mit Hilfe von theoretischen

Modellen und einem Laborexperiment. Basierend auf dieser Analyse werden Empfehlun-

gen für die optimale Vertragsgestaltung getroffen, um die zwischenärztliche Kooperation

zu verbessern. Diese Dissertation ist in drei Teile aufgeteilt. Die Hauptergebnisse der

Teile sind im Folgenden beschrieben.

Im ersten Teil werden altruistische Ärzte analysiert, die eine effektive aber teure Facharzt-

behandlung einer effizienteren Behandlung durch den Hausarzt vorziehen können. Um

die Ärzte so anzureizen, dass sie sich den Präferenzen des Zahlers entsprechend verhal-

ten, müssen entweder Aufschläge für die sofortige Behandlung durch den Hausarzt oder

an den Facharzt für die Rücküberweisung zum Hausarzt gezahlt werden. Das zentrale

Resultat des ersten Teils ist, dass Anreize für den Facharzt auch für den Hausarzt von

Bedeutung sind. Aufgrund der höheren Renteneffizienz, kann es von Vorteil sein, An-

reize für den Facharzt zu setzen und damit den Hausarzt indirekt anzureizen, anstatt

den Hausarzt direkt anzureizen.

Der zweite Teil vergleicht zwei Optionen, um die Zusammenarbeit von einem Hausarzt

und einem Facharzt bei der Behandlung chronisch Kranker zu organisieren – Einzel-
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praxen und Gemeinschaftspraxen. Das zentrale Resultat ist, dass Einzelpraxen trotz

Koordinationsproblemen den Gemeinschaftspraxen überlegen sein können. Wenn der

Unterschied in den Behandlungskosten zwischen Patienten mit unterschiedlichem Schw-

eregrad der Erkrankung für den Facharzt größer ist als für den Hausarzt, ist die Be-

handlung in der Gemeinschaftspraxis ineffizient. Im Gegensatz dazu kann in den Einzel-

praxen ein gate keeping System implementiert werden, in dem nur schwer erkrankte

Patienten zum Facharzt überwiesen werden. Wenn allerdings der Unterschied in den

Behandlungskosten beim Hausarzt größer ist, liefert die Gemeinschaftspraxis bessere

Behandlungsergebnisse. In diesem Fall sollten in der Gemeinschaftspraxis Aufschläge

für die Behandlung des Hausarztes gezahlt werden. Zudem sollte der Facharzt unter

seinen Kosten bezahlt werden, um Behandlungsanstrengungen anzureizen.

Der dritte Teil studiert die Informationsübertragung eines Hausarztes, der einen Patien-

ten zum Facharzt überweist. Der Hausarzt kann entscheiden, ob und in welcher Qualität

Informationen übertragen werden sollen. Die Auswirkungen einer Bonuszahlung für die

Übertragung von Informationen wird mit Hilfe eines theoretischen Modells und eines

Laborexperiments analysiert. Diese Bonuszahlung bezieht sich nur auf die Übertra-

gung der Information, nicht aber auf deren Qualität, da diese für den Zahler nicht

verifizierbar ist. Ohne Bonuszahlung werden zu wenige Informationen übertragen. Die

Bonuszahlung führt zu einer höheren Bereitstellung von Information sowohl niedriger

als auch hoher Qualität. Wenn die Bonuszahlung von einem Niveau, das gerade die

Bereitstellungskosten der niedrigen Informationsqualität deckt auf ein Niveau, das über

die Bereitstellungskosten von hochqualitativer Information hinausgeht, erhöht wird, re-

sultiert dies in einer Verbesserung der durchschnittlichen Informationsqualität. Dieses

Verhalten kann innerhalb eines Modellrahmens erklärt werden, der sowohl Altruismus

als auch Verlustaversion der Ärzte berücksichtigt. Ein weiteres Resultat von Teil drei

ist, dass Hausärzte weitaus eigennütziger agieren, wenn der Facharzt sowohl von der

Informationsübertragung profitiert als auch höhere Profite erzielt als der Hausarzt.
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