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Abstract

Mixed payment systems have become a prominent alternative to paying physicians 
through fee-for-service and capitation. While theory shows mixed payment systems to 
be superior, empirically, causal eff ects on physicians’ behavior are not well understood 
when introducing mixed systems. We systematically analyze the infl uence of fee-for-
service, capitation, and mixed payment systems on physicians’ service provision. In a 
controlled laboratory setting, we implement an exogenous variation of the payment 
method. Participants, in the role of physicians, in the lab (N=213) choose quantities 
of medical services aff ecting patients’ health outside the lab. Behavioral data reveal 
signifi cant overprovision of medical services under fee-for-service and signifi cant 
underprovision under capitation, though less than predicted when assuming profi t-
maximization. Introducing mixed payment systems signifi cantly reduces deviations 
from patient-optimal treatment. Responses to incentive systems can be explained by 
a behavioral model capturing physician altruism. We fi nd substantial heterogeneity in 
physician altruism. Our results hold for medical and non-medical students.
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1 Introduction

Understanding how physicians respond to changes in the payment method is important for

policy makers and researchers alike. Establishing the causal impact of a payment system

variation in the field is difficult, however, due to the likely endogeneity of institutions or

self-selection problems (see, e.g., Baicker and Goldman, 2011). This paper contributes to

a better understanding of how payment systems affect physicians’ behavior. To this end,

we use controlled laboratory experiments in the spirit of the physician decision-making

setting by Hennig-Schmidt et al. (2011) as a complementary approach to field studies.1

We introduce ceteris-paribus variations in our experiment by manipulating the payment

system while keeping all other variables (e.g., patient characteristics) constant. Thus, we

are able to analyze the causal effect of a payment system variation on physicians’ behavior.

At one extreme, we implement a non-blended fee-for-service (FFS) system, which is

still the most common form of paying physicians in many health care markets. In FFS,

physicians receive a fee for each service they provide and are thus incentivized to provide

too many services (overprovision). At the other end of the spectrum, we consider capita-

tion (CAP), which pays physicians a lump-sum for each enrolled patient, embedding an

incentive to provide too few services (underprovision). To curtail health care spending

in the field, mixed payment systems have been introduced that comprise both FFS and

CAP components. Managed care, for example, relies heavily on supply-side incentives

to control costs by changing physician payment methods (see, e.g., Ellis and McGuire,

1993). To mimic the introduction of mixed payment systems at a within-subject level,

we systematically change physicians’ remuneration from either FFS or CAP to different

mixed systems which vary the respective weighting put on fee-for-service and lump-sum

components. As in some mixed systems, the fee is set below marginal cost, behavioral

responses to these systems can be interpreted as consequences of the degree of supply-side

cost sharing.2

All participants in our experiment decide in the role of ‘physicians’ on the quantity of

medical services for different ‘patients’. Henceforth we use these labels to indicate the roles

1Applying the experimental method in health economics is a rather new approach. It is still in its

infancy, even though Fuchs (2000) and Frank (2007) more than a decade ago proposed incorporating be-

havioral and experimental methods to complement traditional approaches in health economics research.

Recently, a growing number of research topics in health economics have been addressed by laboratory

experiments, indicating its increasing importance in this field. Laboratory experiments analyze, for exam-

ple, health insurance choices (Schram and Sonnemans, 2011), health care financing (e.g., Buckley et al.,

2012), the allocation of medical resources (e.g., Ahlert et al., 2012), the salience of the Hippocratic Oath

(Kesternich et al., 2014), and other-regarding behavior and motivations (Hennig-Schmidt and Wiesen,

2014).
2Supply-side cost sharing has become a prominent option to control health care costs (Ellis and McGuire,

1993, p.135), as opposed to demand-side cost sharing, where patients make co-payments or pay deductibles.
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in our experiment. A physician’s quantity choice determines the physician’s own profit and

a patient’s health benefit. Decisions are incentivized by monetary rewards determined by

the respective payment method. Real patients’ health outside the lab is affected by these

decisions. Further, participants are randomly assigned to the experimental conditions,

thereby excluding selection biases. We also control for subjects’ medical background as

both medical and non-medical students participate in our experiment.

Our goal of establishing the effects a variation from FFS or CAP to mixed payment

systems has on physicians’ behavior requires that payment systems are designed to ensure

comparability. To this end, payment parameters are chosen such that maximum profits

and (for Pareto-efficient choices) marginal profits are equivalent across payment systems.

Moreover, patient health benefits are concave, with a global optimum on the physicians’

quantity choice range. Thus, we are able to identify over- and underprovision of med-

ical services in our behavioral data. The patient benefit functions are constructed in a

completely symmetric way such that equal marginal effects of underprovision and overpro-

vision are identical. This implies that tradeoffs between profits and patient health benefits

are comparable across payment systems. A physician paid by FFS treating a patient with

a high severity of illness faces equivalent tradeoffs, for example, compared to a physician

paid by CAP treating a low-severity patient. These novel design features differentiate our

study from earlier experiments (e.g., Hennig-Schmidt et al., 2011). Further, as the patient

population is kept constant across payment systems, we are able to investigate—within

the confines of our experiment—the impact of a payment system variation on patients’

health benefits, a relevant topic in the recent empirical literature (e.g., Clemens and Got-

tlieb, 2014). Finally, the experimental design also allows us to analyze to what extent

observed treatment decisions can be accounted for by physician altruism, i.e., the weight

a physician attaches to patient’s health benefit.3

In their seminal model, in which a physician values both her own profit and the patient’s

health benefit, Ellis and McGuire (1986) show that mixed payment systems induce the

optimal level of health care services. We use a variant of their model to derive behavioral

predictions for our experiment. According to the predictions based on our experimental

parameters, introducing mixed payment systems should reduce the deviations from the

patient-optimal provision level. Moreover, underprovision and overprovision should be less

pronounced with a higher degree of physician altruism.

Our behavioral data confirm the theoretical predictions. We find less overprovision

3In the theoretical health economics literature, the weight the utility-maximizing physician attaches to

the patient’s health benefit is often interpreted as physician altruism (see, e.g., Ellis and McGuire, 1986;

McGuire, 2000). Since Arrow (1963) highlighted the importance of the physician’s benevolent motive to

care for a patient when describing physician behavior, the altruistic-physician assumption has become

quite common in modeling physicians’ behavior (see, e.g., Ellis and McGuire, 1986, 1990; Chalkley and

Malcomson, 1998; Choné and Ma, 2011).
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in mixed payment systems compared to FFS and less underprovision in mixed payment

systems compared to CAP. Moreover, a higher (lower) weight on the lump-sum component

in mixed payment systems yields a further reduction in overprovision (underprovision) of

medical services. As a result, patients’ health benefits are significantly higher in mixed

payment systems. In line with the assumption of altruistic preferences, observed provi-

sion behavior varies with patients’ characteristics. However, the degree of altruism differs

substantially among participants. This finding complements recent studies reporting het-

erogeneity in physician altruism (e.g., Godager and Wiesen, 2013).

The remainder of the paper is organized as follows. Section 2 refers to the related

literature. We present our experimental design and procedure in Section 3. In Section 4,

we derive behavioral predictions for our experiment. Section 5 presents our results, and

Section 6 concludes.

2 Related literature

Mixed payment systems, in which physicians receive a (reduced) fee for each provided

service and a lump-sum payment for each enrolled patient, are hypothesized to mitigate

non-optimal service provision. Ellis and McGuire (1986) show that mixed payment systems

can be designed such that the optimal level of health care services is induced. That means,

physicians paid by FFS are expected to reduce the quantity of medical services, and, thus

decrease overprovision when shifting to a mixed payment (e.g., Ellis and McGuire, 1986,

1990). In contrast, compared to CAP a mixed payment system should induce physicians

to increase medical services and, thus, reduce the incentive to provide too few medical

services. We will use a variant of Ellis and McGuire’s (1986) model to derive behavioral

hypotheses for the parameters of our experiment.

Empirically, however, it is still not well understood how physicians respond to mixed

payment systems compared to non-blended FFS and CAP systems and how patients’

health is affected (see, e.g., Kantarevic et al., 2011). A few studies indicate that, com-

pared to FFS, mixed payment systems lead to reduced quantity and an increased quality

of medical services (e.g., Dumont et al., 2008; Kralj and Kantarevic, 2013). Comparing

physicians’ behavior in CAP and in a mixed system, Krasnik et al. (1990) report that

physicians expand their services after a fee-for-service component has been included in a

CAP system. The evidence from the field suggests positive consequences of introducing

mixed payment systems. Yet the observational data used to analyze these effects entail

a lack of control, as existing payment systems are typically adopted endogenously, which

renders causal inferences from a change of the payment method on physician behavior

rather difficult (see e.g., Falk and Heckman, 2009). Using the experimental economics
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method allows us to vary the payment system exogenously at a within-subject level, thus

mimicking the change from a non-blended to a mixed payment system.

Some empirical studies demonstrate that physicians respond to enhanced fees in an

FFS system with an increase in the volume of services (e.g., Yip, 1998; Kantarevic et al.,

2011). Clemens and Gottlieb (2014) find that physicians respond to fee changes mostly

for elective services. Not so much is known, empirically, about the behavioral responses

to varying degrees of supply-side cost sharing. Our systematic variation of payment sys-

tems also provides important insights into the effects of supply-side cost sharing, which

is a popular means of responding to rising health care costs (see, e.g., Ellis and McGuire,

1993; Baicker and Goldman, 2011).

Our study also relates to a stream of literature investigating physician altruism. In his

influential paper, Arrow (1963) coined the importance of the physician’s other-regarding

motive to care for a patient when describing physician behavior. In subsequent research,

several theoretical papers model the physician as deriving utility from both her own profit

and the patient’s health benefit (see, e.g., Ellis and McGuire, 1990; Chalkley and Mal-

comson, 1998). The weight the physician attaches to the latter is often interpreted as

physician altruism (see, e.g., McGuire, 2000). The role of physician altruism is partic-

ularly emphasized in more recent theoretical papers. For example, Jack (2005) derives

an optimal menu of cost-sharing schemes for physicians with unknown altruism. Siciliani

(2009) models the impact of performance pay on the provision of medical services when

providers differ in altruism. In Choné and Ma (2011), the optimal payment mechanism

depends on physician altruism. Treatment and referral decisions of altruistic physicians

under a gatekeeping regime are investigated by Allard et al. (2011). Liu and Ma (2013)

study delegation of treatment plans.

Empirical research investigating physician altruism is scarce. Only a few empirical

studies with physicians and medical students, mainly discrete-choice experiments, trace

physicians’ financial motivation in an indirect way by using proxy variables (see, e.g., Rizzo

and Zeckhauser, 2007; Hanson and Jack, 2010). Scott and Sivey (2013) examine how

physicians’ characteristics are associated with monetary motivation. Common to these

studies is that tradeoffs between physicians’ income and patients’ health benefit are not

explicitly considered. The only study that analyzes tradeoffs between profit and patient

health benefit is Godager and Wiesen (2013), who explore the heterogeneity in physician

altruism using Hennig-Schmidt et al.’s (2011) experimental data. They find substantial

heterogeneity in physician altruism using mixed and multinomial logit regressions. Our

study differs from the latter in that we analytically infer physician altruism from subjects’

choices in the experiment, employing Ellis and McGuire’s (1986) model framework.

In sum, we contribute to the literature in three ways. First, our experimental design

allows us to collect behavioral data based on the exogenous introduction of mixed payment
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systems. Second, we systematically test behavioral predictions from Ellis and McGuire’s

(1986) seminal model—and to the best of our knowledge we are the first to do so—by

comparing non-blended and mixed payment systems. Finally, we provide further evidence

on the heterogeneity of physician altruism.

3 Experimental design

3.1 Basic setup and decision situation

In our experiment, all subjects decide in the role of physicians on the provision of medical

services. We randomly assign subjects to different payment conditions. In the experi-

mental conditions, subjects participate in two subsequent payment systems. First, they

are incentivized by non-blended FFS or CAP. Second, subjects are paid by a mixed sys-

tem comprising both FFS and CAP-components. We thus exogenously vary the payment

method at a within-subject level.

In all payment systems, physician i decides on the quantity of medical services q ∈ [0, 10]

for nine different patients (j = 1, . . . , 9). Patients differ in illnesses k ∈ {A,B,C} and in

severities of illness l ∈ {x, y, z}. Patients are assumed to be passive and fully insured,

accepting each level of medical service provided by the physician. Patients are the same

in all payment conditions. The patient population for which a physician chooses services

thus remains constant.

Physician i’s payment is R(q) = μL+(1−μ)pq, with L being a lump-sum payment per

patient, p a fee per service rendered to a patient and μ ∈ [0, 1] the weight on the lump-sum

component, which is often interpreted as the degree of supply-side cost sharing. In the

experiment, μ, L, and p are varied systematically (see Subsection 3.2). For example, in

non-blended FFS and CAP, μ is 0 and 1, respectively. Physician i’s profit is

π(q) = μL+ (1− μ)pq − c(q), (1)

with L, p > 0, c′(q) > 0 and c′′(q) > 0. In the experiment, c(q) = q2/10 for all payment

systems.

When deciding on q, physician i simultaneously determines her own profit π(q) and the

health benefit B(q) of patient j. Common to all nine patient health benefits is a global

optimum at q∗ on q ∈ (0, 10). More formally, the patient health benefit employed in our

experiment is

B(q) =

⎧⎨
⎩
B0 + θq if q ≤ q∗

B1 − θq if q ≥ q∗,
(2)

with B0, B1 ≥ 0 and θ > 0. The patient’s health benefit is varied systematically for the

patients’ illness k and severity of illness l. In particular, for illnesses A and B θ = 1
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and for illness C θ = 2. For illnesses A,B,C the maximum health benefit is BAl(q
∗) = 7,

BBl(q
∗) = 10, and BCl(q

∗) = 14, respectively. The patient-optimal quantity q∗ varies with

severities of illness l. For low (x), intermediate (y), and severe (z) severities, the patient-

optimal quantities are q∗ = 3, q∗ = 5, and q∗ = 7, respectively. Figure 2 in Appendix A.2

illustrates patient health benefits.4 Knowing the patient-optimal quantity q∗ allows us to

analyze overprovision and underprovision of medical services. Moreover, the symmetric

design of patient health benefits implies that the marginal effects (i.e., absolute value of

B′(q)) of overprovision and underprovision are equivalent.5

All parameters of the experiment are common knowledge. In particular, when making

their quantity choices physicians are aware of costs, payment, profit, and the patient’s

health benefits for each quantity (for an illustration of the decision situation, see the

instructions in Appendix A.1). Therefore, behavioral patterns like defensive medicine

(see, e.g., Kessler and McClellan, 1996) can be neglected, as the impact of a quantity

choice on the patients’ health benefit is known to the experimental subjects.

While all participants in the experiment make decisions in the role of physicians for

abstract patients in the lab, real patients’ health outside the lab is affected by their

choices. Subjects are informed that the monetary equivalent of the patient health benefit

resulting from their decisions is transferred to a charity caring for ophthalmic patients; for

procedural details see Subsection 3.3.

3.2 Payment systems

Recall that each physician decides on the provision of medical services under two different

payment systems. In part I of the experiment, physicians decide either under FFS or CAP.

In part II, they decide under a mixed payment system. Table 1 provides an overview of

the payment systems employed in our experiment. Physicians paid by FFS (CAP) in part

I decide under mixed-FFS systems, i.e., Mix-FFS-8 or Mix-FFS-6, (mixed-CAP systems,

i.e., Mix-CAP-2 or Mix-CAP-4) in part II. Beyond the within-subject comparison (part I

vs. part II), the experimental design also allows us to compare between-subject behavior

for FFS and CAP in part I as well as for different mixed payment systems in part II.

4Varying patients’ characteristics in our lab experiment is motivated by the recent theoretical literature

(see, e.g., Allard et al. 2011), which assumes that patient characteristics affect physicians’ behavior. The

relevance of the patient health benefits is also emphasized by a recent empirical study by Clemens and

Gottlieb (2014) who investigate the impact of changes in reimbursement rates on patients’ health benefit.

They report some differences between younger and more elderly patients the latter likely to be of high

severity types. For example, an increase in the reimbursement rate decreases the mortality of younger

cardiac patients within 4 years, while older cardiac patients (of age 75 or above) face an increase in

mortality within 4 years (see Clemens and Gottlieb, 2014, p.1345).
5Note that this is an essential design feature differing from that of Hennig-Schmidt et al. (2011), which

does not allow for a systematic analysis of the effects of overprovision and underprovision.
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Table 1: Payment systems of the experiment

Components

Payment system μ L 1− μ p R

FFS – – 1.00 2 2q

CAP 1.00 10 – – 10

Mix-FFS-8 0.20 18 0.80 2 3.6 + 1.6q

Mix-FFS-6 0.40 16 0.60 2 6.4 + 1.2q

Mix-CAP-2 0.96 10 0.04 10 9.6 + 0.4q

Mix-CAP-4 0.84 10 0.16 5 8.4 + 0.8q

Notes: This table shows the components of the payment sys-

tems employed in our experiment. μ is the weight of the

lump-sum L and 1 − μ is the weight of the fee-for-service

component p. R defines the composed remuneration.

The profit functions of FFS and mixed-FFS systems mirror those of the respective CAP

and mixed-CAP systems. While varying the components of the payment systems, we

keep maximum profit levels and marginal profits for Pareto-efficient choices constant. In

FFS, physicians are paid a fee of p = 2 per service and μ = 0. Accordingly, profit is

π(q) = 2q − q2/10. In CAP, physicians receive a lump-sum payment per patient inde-

pendent of the quantity of medical services L = 10. Physicians’ profit per patient is thus

π(q) = 10 − q2/10. The maximum achievable profit is 10 in both FFS and CAP. The

profit-maximizing quantity of medical services is 10 and 0 in FFS and CAP, respectively.

Also, absolute values of marginal profits are equal in CAP and FFS. The profit parameters

are illustrated in Figure 1, and the complete set of parameter values are shown in Table 1

in AppendixA.2.

Mixed payment systems comprise both a lump-sum and a fee-for-service component.

In mixed-FFS systems (i.e., Mix-FFS-8 and Mix-FFS-6), a higher weight is attached to

the latter. To ensure equality of maximum profits compared to FFS and CAP, we adjust

the lump-sum component L. Symmetrically, in mixed-CAP systems (i.e., Mix-CAP-2 and

Mix-CAP-4), a larger weight is attached to the lump-sum component. To ensure equal

maximum profits, we adjust the fee-for-service component p (see Table 1 for the parameter

values).

In sum, mixed payment systems are designed such that incentives inherent in FFS

(CAP) to provide too many (few) services are mitigated. Moreover, we choose the profit-

maximizing quantities in mixed-CAP systems and mixed-FFS systems to be 2 and 4 as

well as 6 and 8, respectively. This ensures that profit-maximizing quantities are ‘closer’

to the patient-optimal quantities than in non-blended payment systems, but do not coin-

cide with them. We, thus, reduce the trade-offs between profit-maximization and patient

health benefit optimization.
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We also consider several experimental control conditions. First, keeping the maximum

profit constant across FFS, CAP, and mixed payment systems comes at the cost of ad-

justing the fee-for-service and lump-sum component. Yet retaining the components of the

FFS and CAP and using the same profit maximizing quantities as in the mixed payment

systems would imply lower maximum profits. In order to control for the behavioral impact

associated with this effect, we implement two additional mixed systems, one with more

weight on CAP and another with more weight on FFS, using μ = 0.20 or μ = 0.80 but

non-adjusted L = 10 and p = 2. Therefore, π(q) = 2 + 1.6q − q2/10 in the former and

π(q) = 8 + 0.4q − q2/10 in the latter. Second, we control whether subject’s behavior in

part II (i.e., under mixed payment systems) is affected by preceding decisions regarding

non-blended systems in part I. In this control condition, subjects only decide under one

mixed payment system (i.e., Mix-FFS-6 or Mix-CAP-4).

3.3 Experimental protocol

The computerized experiment programmed with z-Tree (Fischbacher, 2007) was conducted

at elfe, the Essen Laboratory for Experimental Economics at the University of Duisburg-

Essen. Overall, 213 students participated in our experimental sessions. Among those were

32 medical students, of whom 16 each participated in payment conditions 2 (FFS/Mix-

FFS-6) and 4 (CAP/Mix-CAP-4). Table 2 provides an overview. All subjects were re-

cruited through the online recruiting system ORSEE (Greiner 2004).

The procedure was as follows: upon arrival, subjects were randomly allocated to

Table 2: Experimental conditions

Condition Part I of the

experiment

Part II of the

experiment

Subjects

1 FFS Mix-FFS-8 24

2 FFS Mix-FFS-6 40

3 CAP Mix-CAP-2 22

4 CAP Mix-CAP-4 40

Control conditions 87

cubicles. They were then given ample time to read the instructions for part I and ask

clarifying questions, which were answered in private. Subjects were informed that the

experiment consisted of two parts but received detailed instructions for part II only after

having finished part I of the experiment. To check for subjects’ understanding of the

decision task, they had to answer a set of control questions. The experiment did not start

unless all subjects had answered the control questions correctly. In each of the two parts of

the experiment, subjects subsequently decided on the quantity of medical services for each

of the nine patients. The order of patients was randomly determined and kept constant
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for all subjects and all conditions, i.e., Bx,Cx,Az,By,Bz,Ay,Cz,Ax,Cy.

Before making their decision for a specific patient, subjects were informed about their

remuneration, their cost and profit, as well as about the patient’s benefit for each quantity

from 0 to 10. All monetary amounts were given in Taler, our experimental currency, the

exchange rate being 1 Taler = 0.08 EUR. The procedure was exactly the same in part

II of the experiment. At the end of the experiment—when all subjects had made their

decisions—we randomly determined one decision in each part of the experiment to be

relevant for a subject’s actual payoff and the patient benefit. To this was done to rule our

income effects. Subjects were paid in private according to the two randomly determined

decisions.

To verify that the money corresponding to the sum of patient benefits in a session

was actually transferred, we applied a procedure similar to Hennig-Schmidt et al. (2011)

and Eckel and Grossman (1996). To this end, one of the participants was randomly cho-

sen to be a monitor. After the experiment, the monitor verified that the order on the

amount of the aggregate benefit was written to the financial department of the University

of Duisburg-Essen to transfer the money to the Christoffel Blindenmission. The mone-

tary amount supports surgical treatments of cataract patients in a hospital in Masvingo

(Zimbabwe) staffed by ophthalmologists from the charity. Notice that we did not inform

the participants that the money was assigned to a developing country (see instructions in

Appendix A.3). The order was sealed in an envelope, and the monitor and experimenter

then walked together to the nearest mailbox and deposited the envelope. The monitor

was paid an additional EUR 5.

Sessions lasted for about 70 minutes. Subjects earned, on average, EUR 12.98. The

average benefit per patient was EUR 12.26. In total, EUR 2,610 were transferred to the

Christoffel Blindenmission. Average costs for a cataract operation amounted to about

EUR 30. Thus, our experiment allowed treating 87 patients.

4 Behavioral predictions

In this section, we derive predictions for physicians’ behavior in the non-blended and mixed

payment systems employed in our experiment. To this end, we use a variant of Ellis and

McGuire’s (1986) seminal model of a physician deriving utility from her own profit and

patients’ health benefit.

Let physician i choose the quantity of medical services q in order to maximize her

utility

Ui(q) = (1− αi)π(q) + αiB(q), (3)
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with αi ∈ [0, 1]. αi is a measure for physician i’s altruism. Hence, for a purely profit-

maximizing physician, αi = 0. Based on the specifications of physicians’ profits and the

patient benefits (i.e., equations 1 and 2) employed in our experiment, we state the follow-

ing proposition regarding physician i’s behavior:

Proposition 1. Physician i’s quantity choice q decreases with the weight on the lump-sum

component μ. Physician i chooses

q > q∗ if (1-μ)p > q∗/5 + [αi/(1− αi)] θ,

q < q∗ if (1-μ)p < q∗/5− [αi/(1− αi)] θ,

q = q∗ otherwise.

Proof. For a formal proof of Proposition 1 see Appendix A.3.

Proposition 1 indicates that the physician’s behavior is influenced by the fee-for-service

component (1−μ)p, the patient-optimal quantity of medical services q∗, and the patient’s

marginal health benefit θ. Also, due to symmetry of the conditions, overprovision and

underprovision of medical services decrease in αi to the same extent. According to the

conditions given in Proposition 1, we formulate the following three behavioral hypotheses.

First, we focus on the impact of μ in FFS and CAP compared to mixed payment

systems. For the mixed systems, μ increases in the following order: FFS, Mix-FFS-8,

Mix-FFS-6, Mix-CAP-4, Mix-CAP-2, and CAP (recall Table 1). According to Proposi-

tion 1, quantity gradually decreases in μ independent of the physicians’ degree of altruism.

Compared to FFS, physicians should reduce overprovision of medical services in the mixed-

FFS systems, which should lead to a higher health benefit for patients. As μ is higher in

Mix-FFS-6 than in Mix-FFS-8, we expect a higher reduction of overprovision in the former

than in the latter. Analogously, in the mixed-CAP systems physicians should reduce un-

derprovision compared to CAP, which again implies a higher patient health benefit. In a

similar vein, as μ is higher in Mix-CAP-2 than in Mix-CAP-4, we expect a lower reduction

of underprovision in the former than in the latter. We state the following:

Hypothesis 1. Physicians’ quantity choices decrease with increasing weight on the lump

sum. Overprovision (underprovision) is reduced in Mix-FFS-8 (Mix-CAP-2) and even

more so in Mix-FFS-6 (Mix-CAP-4) compared to FFS (CAP).

Second, Proposition 1 indicates that patients’ characteristics—the patient-optimal

quantity q∗ that varies with the severities of illness l, and the patients’ marginal health

benefit θ that varies with illnesses k = A,B and k = C—affect the behavior of at least

partially altruistic physicians, i.e., those characterized by αi > 0. Also, from Proposition

1 follows that the level of patient health benefit does not affect behavior. Based on our
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systematic variation of the patient optimal quantity q∗ (severities of illness) and the pa-

tient’s marginal health benefits (illnesses), we formulate:

Hypothesis 2. Quantity choices of (at least partially altruistic) physicians are affected by

patients’ characteristics. Physicians’ supply of medical services increases with the severity

of patients’ illness and patients’ marginal health benefits.

Finally, Proposition 1 states that overprovision and underprovision of medical services

decreases with increasing physician altruism, defined as the weight attached to the pa-

tient’s health benefit. Our behavioral data allow us to analytically derive the individual

physician’s degree of altruism based on actual quantity choices. Similar to Godager and

Wiesen (2013), who report substantial heterogeneity in physician altruism, we also expect

a variation in physician altruism and thus state the following:

Hypothesis 3. Physician altruism is heterogeneous across individuals.

5 Results

5.1 Aggregate provision behavior

For starters, we analyze the provision of medical services at an aggregate level. Table 3

shows descriptive statistics for the payment systems. We find that physicians do respond

to the incentives in FFS and CAP. Overall, about 53% less medical services are provided

in the latter than in the former. This difference is highly significant (p = 0.000, two-sided

Mann-Whitney U-Test)6 and in line with findings reported in earlier empirical and exper-

imental studies (e.g., Gaynor and Gertler 1995; Hennig-Schmidt et al. 2011).

Behavioral data evidence overprovision of medical services in FFS and underprovision

in CAP. Overall, q − q∗, the deviation of the chosen from the patient-optimal quantity, is

2.11 (s.d. 2.10) services in FFS and −1.67 (s.d. 1.87) services in CAP. These deviations

are significant in both payment systems (p < 0.001, one-sample Wilcoxon signed-rank

test). Nevertheless, physicians do not always choose the profit-maximizing quantity, but

take patient benefits into account, at least to some degree. The symmetric design of

patient health benefits allows us to test whether incentives to underprovide in CAP are

6p-values are from two-sided tests if not indicated otherwise. We neither find any significant differences

for FFS nor for CAP in Part I across the two respective sessions (p > 0.159, Mann-Whitney U-Test).

We, therefore, pool the data and base all tests for FFS and CAP on this data set. Further, notice that

non-parametric Fisher-Pitman permutation tests for independent and paired samples corresponding to

Mann-Whitney U and Wilcoxon matched-pairs signed rank-tests, respectively, yield comparable p-values.

This also applies to parametric t-tests.
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Table 3: Aggregate quantities and patient health benefits by payment system

Part I of the experiment Part II of the experiment

Payment

system

Mean s.d. N Payment

system

Mean s.d. N p-values

q FFS 7.11 2.09 576 Mix-FFS-8 6.92 1.73 216 0.008

Mix-FFS-6 5.50 1.28 360 0.000

CAP 3.33 1.95 558 Mix-CAP-2 3.66 1.74 198 0.004

Mix-CAP-4 4.67 1.35 360 0.000

B(q) FFS 7.51 3.52 576 Mix-FFS-8 7.68 3.38 216 0.011

Mix-FFS-6 9.44 2.89 360 0.000

CAP 8.02 3.33 558 Mix-CAP-2 8.27 3.24 198 0.003

Mix-CAP-4 9.68 2.93 360 0.002

Notes: This table shows descriptive statistics for quantities and patient health benefits for

all payment systems. p-values of a Wilcoxon (matched-pairs) signed-rank test are shown for

a within-subject comparison of individual service provision across payment systems in both

parts of the experiment. N is the number of choices (patients) in a specific treatment.

equally strong as incentives to overprovide in FFS. Even though the extent of non-optimal

service provision seems to be slightly higher in CAP compared to FFS, the patient health

benefit is not significantly different (p = 0.216, Mann Whitney U-Test).

The within-subject comparison reveals that mixed payment systems influence provision

behavior as stated in Hypothesis 1. This is illustrated in Figure 1, which shows average

provided quantities per patient for non-blended and mixed payment systems. In both

Mix-FFS-8 and Mix-FFS-6, physicians deliver significantly less medical services compared

to FFS (p ≤ 0.012, Wilcoxon signed-rank test, see Table 3). In contrast, in Mix-CAP-2

and Mix CAP-4, significantly more medical services are provided than in CAP (p ≤ 0.004).

As a result, we find less overprovision in mixed-FFS systems and less underprovision in

mixed-CAP systems as well as an increase in health benefit compared to the non-blended

systems (p ≤ 0.012). In line with Hypothesis 1, overprovision decreases as more weight

is attached to the lump-sum component in the mixed-FFS systems (p = 0.012, Mann-

Whitney U-test). Similarly in the mixed-CAP systems, underprovision decreases with a

decreasing lump-sum component, i.e., with a decreasing degree of supply-side cost-sharing

(p = 0.007, Mann-Whitney U-test). In all mixed systems, we still find a significant devi-

ation from the patient-optimal quantity of medical services (p ≤ 0.004, Wilcoxon signed

rank test).

Next, we investigate the impact of the payment system on patients’ health benefit.

Health benefit in Mix FFS-8 and Mix FFS-6 is significantly higher than in FFS (p ≤ 0.012);

see again Table 3. The same holds when comparing Mix-CAP-2 and Mix-CAP-4 to CAP

(p < 0.001). These results imply that a larger weight on the lump-sum component in
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Figure 1: Average medical services per illness and severity
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Notes: This figure shows average quantities for all patients (sorted by illnesses and severities of illness)

by payment systems. The left panel displays average quantities for the non-blended payment systems

FFS and CAP. The right panel shows average quantities for the mixed payment systems Mix-FFS-8,

Mix-FFS-6, Mix-CAP-2, and Mix-CAP-4.

mixed-FFS systems and a reduction in supply-side cost sharing in mixed-CAP systems in-

crease the patients’ health benefit. Patients’ health benefit in Mix-FFS-6 (Mix-CAP-4) is

significantly higher than in Mix-FFS-8 (Mix-CAP-2) (p ≤ 0.005, Mann-Whitney U-test).

These observations complement Clemens and Gottlieb (2014), who report that patients

health is affected by a variation in the payment system.

A regression analysis on the deviation from the patient-optimal quantity q − q∗ pro-

vides further support for the hypothesis that quantity choices decrease in the weight on the

lump-sum component. Panel A of Table 4 shows regression results for mixed-FFS systems,

panel B gives results for mixed-CAP systems. FFS and CAP are the respective reference

categories. Model (1) comprises dummies for the payment systems Mix FFS-8 and Mix

FFS-6, model (4) for the payment systems Mix CAP-2 and Mix CAP-4. In addition, we

control for patient health benefit and physician profit, which are important for subjects’

choices. Overprovision of medical services is significantly reduced under both mixed-FFS

systems compared to FFS. Estimates for coefficients of the mixed-CAP systems in model

(4) indicate that underprovision is significantly lower than in CAP. Further, Wald test

results reveal that an increase in the lump-sum component from Mix-FFS-8 to Mix-FFS-6

leads to a significant decrease in overprovision of medical services (see Table 4). More-
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over, a decrease of the lump-sum component from Mix-CAP-2 to Mix-CAP-4 leads to a

significant decrease of underprovision. In sum, we state the following:

Result 1. Physicians’ quantity choices decrease with increasing weight on the lump-sum

component. Overprovision is significantly reduced in mixed-FFS systems, as is underprovi-

sion in mixed-CAP systems. In mixed-FFS systems (mixed-CAP systems), a higher share

of CAP (FFS) leads to a further reduction in overprovision (underprovision) of medical

services.

Our regressions also control for possible behavioral differences between medical and

non-medical students, as some experimental studies indicate that a student’s major can

have an impact on behavior. For example, Ahlert et al. (2012) find behavioral differences

between students of medicine and economics. Hennig-Schmidt and Wiesen (2014) show

more other-regrading behavior of medical students compared to non-medical students. In

regression models (2), (3), (5) and (6), we control for students’ major in medicine (see

Table 4), non-medical students being the reference category. We find that our results are

robust with regard to subject pool differences. For medical students, the reduction in

overprovision of medical services is more pronounced in mixed-FFS systems. For mixed-

CAP systems, medical students’ behavior is not significantly different from that of other

majors.

In our experimental control conditions, we investigate, first, whether the adjustment of

the lump sum L and fee p in mixed payment systems and, second, whether ‘subjects’ ex-

perience’ based on the non-blended systems in part I affect our results. When comparing

behavior in mixed payment systems with adjusted fee-for-service and the lump-sum compo-

nents (i.e., Mix-FFS-8 and Mix-CAP-2) with corresponding mixed systems with reduced

profit levels, we do not find significant differences (p ≥ 0.224, Mann-Whitney U-Test).

When controlling for experience we also do not find significant differences (p ≥ 0.205,

Mann-Whitney U-Test).

5.2 Influence of patients’ characteristics

We now investigate how patient characteristics affect physicians’ behavior according to

Hypothesis 2. In particular, we analyze the effects of the patient-optimal quantities (q∗)

and the patients’ marginal health benefits (θ). The former vary with the severities of

illness: q∗ = 3, 5, 7 for x, y, and z, respectively. The latter vary with illnesses: for A and

B, θ = 1 and for C, θ = 2.

Figure 1 illustrates that the severities of illnesses systematically affect physicians’ quan-

tity choices. In line with Hypothesis 2, average quantities increase with the severity of

illness in all payment systems (descriptive data and p-values are shown in Panel B of Table
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2 in Appendix A.2). We observe the following pattern: lowest quantities are provided for

the low severity x, medium quantities for the intermediate severity y, and highest quan-

tities for severity z. Pairwise comparisons indicate significant differences across severities

of illnesses for all payment systems (p ≤ 0.012, t-test for paired samples).

The maximum health benefit (varied with illnesses k) and the marginal health benefit

do not greatly affect physicians’ quantity choices (see Panel A of Table 2 in Appendix

A.2). Comparing how patients with illnesses A and B are treated reveals significant dif-

ferences for Mix-FFS-6 only. That is, in most cases the maximum patient health benefit

does not affect behavior. When comparing quantity choices for illnesses B and C, i.e.,

when varying both the maximum and the marginal health benefit, we find only significant

differences for CAP and Mix-FFS-6. In both conditions, physicians choose significantly

more medical services for illness C compared to illness B. Pairwise comparisons for the re-

maining payment systems indicate no significant differences (p ≥ 0.222). In sum, we state:

Result 2. Quantities of medical services significantly increase with the severity of illness

in all payment systems. Marginal health benefits do not affect physicians’ quantity choices

much.

5.3 Heterogeneity in physician altruism

In the following, we investigate the degrees of physician altruism—the weights attached

to patients’ health benefit. We infer the individual degree of altruism from a physician’s

actual quantity choices for the 18 patients, nine in part I and nine in part II of the

experiment.

Recall that each of the physician’s quantity choices determines a profit/patient health

benefit pair. Using equation (3), this allows us to calculate a physician’s utilities for

patient j for different levels of αi ∈ [0, 1]. Given physician i’s quantity choice for patient

j, we calculate αij which maximizes a physician i’s utility.7 Averaging over 18 quantity

choices in non-blended FFS, CAP, and mixed payment systems then gives us the individual

physician i’s αi.

We find that physicians attach a positive weight to the patient’s health benefit. On

the aggregate, αi = 0.22 (s.d. 0.18).8 Figure 2 plots the distribution of physician altruism

in our experimental sample, indicating considerable heterogeneity, as demonstrated by

7In the mixed payment system Mix-CAP-4, for example, a physician’s quantity choice of q = 4 for

patient Cz implies α = 0. A choice of q = 5 implies that a physician’s utility is maximized at α = 0.1. For

a physician choosing the patient optimal quantity (q = 7), utility is maximized for all α ≥ 0.2. Here, we

then select the minimum α still maximizing a physician’s utility at q = 7, being α = 0.2 in our example.
8We include all subjects into our analysis who made at least 12 Pareto-efficient choices. For that reason,
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Figure 2: Distribution of physician altruism
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Notes: This figure illustrates the cumulative frequency of individuals’ average physician altruism in our

experimental data. α is calculated for each physician and averaged over all 18 decisions of a physician.

Only those of the 126 subjects in the main experimental conditions were included who made at least

12 Pareto-efficient quantity choices (N = 125).

Godager and Wiesen (2013). Table 5 indicates the same result. In particular, around 14

% of physicians attach a low weight of αi ≤ 0.05 to the patients’ health benefit. Such a low

α implies choosing the profit-maximizing quantity for most patients and never providing

the patient-optimal quantity of medical services. These subjects can be characterized as

rather profit-maximizing. For about 24 % of individuals, 0.05 < αi ≤ 0.20. For most

subjects, namely 40 %, 0.2 < αi ≤ 0.3, meaning that they put a considerable weight on

the patients’ health benefit. About 22 percent of subjects attach a weight larger than 0.3

to the patient’s health benefit, which implies the choice of the patient-optimal quantity in

all mixed payment systems.

Table 5 shows a substantial share of non-medical students who are profit-maximizers

(αi ≤ 0.05) compared to medical students which implies some variation in this category

across subject pools. Yet the difference is not significant (αMed = 0.24 (s.d. 0.18) and

αNon−Med = 0.21 (s.d. 0.18), p = 0.2450, Mann-Whitney U-test. In sum, we state the

following result.

Result 3. There is substantial heterogeneity in the individual degree of physician altruism.

one of the 126 subjects who participated in one of the four conditions FFS/Mix-FFS and CAP/Mix-CAP

had to be excluded.
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Table 5: Heterogeneity in physician altruism

Category All Med. students Non-med. students

αi ≤ 0.05 0.14 0.03 0.18

0.05 < αi ≤ 0.20 0.24 0.18 0.26

0.20 < αi ≤ 0.30 0.40 0.58 0.33

αi > 0.30 0.22 0.21 0.23

N 125 32 93

Notes: This table shows relative frequencies for different cat-

egories of αi for all subjects and for medical and non-medical

students separately.

6 Concluding remarks

We use laboratory experiments to investigate the causal effects of introducing mixed pay-

ment systems, which comprise a fee-for-service and a lump-sum component and vary in the

weighting of components, on the provision of medical services. Prior to the mixed systems,

subjects’ decisions are paid through non-blended fee-for-service or capitation systems. Pa-

tient characteristics are varied systematically and kept constant for all payment systems.

Our results are consistent with behavioral predictions derived from a variant of Ellis and

McGuire’s (1986) seminal model of physician behavior.

We find that medical service provision decreases with increasing weight on the lump-sum

component. Overprovision and underprovision inherent in fee-for-service and capitation

systems, respectively, are significantly reduced by introducing mixed payment systems

which leads to higher patient health benefits. Decisions are significantly influenced by

the patient-optimal quantities: the more medical services a patient needs to achieve his

maximum health benefit (i.e., the higher the severity of illness), the higher the quantity

provided. Marginal health benefits have only a minor impact on behavior.

The observed effect of physicians’ quantity choices are largely in line with (partly)

altruistic preferences. While the aggregate results indicate a positive degree of physician

altruism, individual degrees vary substantially. These results suggest, according to Ellis

and McGuire (1986), that while some individuals behave similar to a ‘perfect agent’, it is

necessary to account for imperfect agency in models of physician behavior. In particular,

as non-blended FFS leads to significant deviations from patient-optimal behavior, mixed

payment systems with an element of supply-side cost sharing have the potential to move

medical service provision towards the patient optimum.

The heterogeneity in physician altruism would make it natural to offer physicians a

menu of payment systems, as opposed to a ‘one-size-fits-all’ system. Several theoretical

papers argue, for example, that the more altruistic physicians should be paid on a capi-

tated basis (e.g., Eggleston, 2005, Jack, 2005) regardless of the patients severity of illness.
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Barham and Milliken (forthcoming) show, however, that high-severity patients should be

treated by physicians paid on a fee-for-service basis, whereas the least altruistic physi-

cians treating healthy patients should be paid by capitation. This is consistent with our

behavioral results for patients with different severities of illnesses. We demonstrate that

mixed payment systems—if designed such that tradeoffs between profit-maximization and

rendering the optimal benefit to the patient are reduced—might help to incentivize less al-

truistic physicians to choose patient-optimal care for both low and high-severity patients.

In terms of future research, physicians’ self-selection into payment systems requires

attention. To offer physicians the ‘right’ menu of payment schemes, it is, for example,

important to better understand physicians’ underlying motivations driving their decision

in this respect. Also, the impact transitions in patients’ health status—for example, from

low to high severity, in light of the increasing number of elderly and frail patients—have

on physicians’ behavior in different payment systems seems to be a relevant research topic.
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A Appendix

A.1 Instructions

Welcome to the Experiment!

You are participating in an economic experiment on decision behavior. You and the other

participants will be asked to make decisions for which you can earn money. Your payoff

depends on the decisions you make. At the end of the experiment, your payoff will be

converted to Euro and paid to you in cash. During the experiment, all amounts are

presented in the experimental currency Taler. 10 Taler equals 8 Euro. The experiment

will take about 90 minutes and consists of two parts. You will receive detailed instructions

before each part. Note that none of your decisions in either part have any influence on

the other part of the experiment.

Part I of the experiment

Please read the instructions carefully. We will approach you in about five minutes to

answer any questions you may have. If you have questions at any time during the experi-

ment, please raise your hand and we will come to you. Part I of the experiment consists

of 9 rounds of decision situations.

Decision situations

In each round, you are in the role of a physician and decide on medical treatment for a

patient. That is, you determine the quantity of medical services you wish to provide to the

patient for a given illness and a given severity of this illness. Each patient is characterized

by one of three illnesses (A,B,C), each of which can occur in three different degrees of

severity (x, y, z). In each consecutive decision round you will face one patient who is

characterized by one of the 9 possible combinations of illnesses and degrees of severity (in

random order). Your decision is to provide each of these 9 patients with a quantity of

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 medical services.

Payment

In each round you receive a fee-for-service (capitation) remuneration for treating the pa-

tient. Your remuneration increases with the amount of medical treatment (irrespective

of the amount of medical treatment) you provide. You also incur costs for treating the

patient, which likewise depend on the quantity of services you provide. Your profit for

each decision is calculated by subtracting these costs from the fee-for-service (capitation)

remuneration. Each quantity of medical service yields a particular benefit for the patient—

contingent on his illness and severity. Hence, in choosing the medical services you provide,

you determine not only your own profit but also the patient’s benefit.
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In each round you will receive detailed information on your screen (see below) for the

respective patient, the illness, your amount of fee-for-service (capitation) remuneration—

for each possible amount of medical treatment—your costs, profit, as well as the benefit

for the patient with the corresponding illness and severity.

Screen in FFS

Screen in CAP

Payoff

At the end of the experiment, one of the 9 rounds in part I will be chosen at random.

Your profit in this round will be paid to you in cash.

For this part of the experiment, no patients are physically present in the laboratory. Yet

the patient benefit does accrue to a real patient: The amount resulting from your decision

will be transferred to the Christoffel Blindenmission Deutschland e.V., 64625 Bensheim,

an organization which funds the treatment of patients with eye cataracts.

The transfer of money to the Christoffel Blindenmission Deutschland e.V. will be carried
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out after the experiment by the experimenter and one participant. The participant com-

pletes a money transfer form, filling in the total patient benefit (in Euro) resulting from the

decisions made by all participants in the randomly chosen situation. This form prompts

the payment of the designated amount to the Christoffel Blindenmission Deutschland e.V.

by the finance department of the University of Duisburg-Essen. The form is then sealed

in a stamped envelope and deposited in the nearest mailbox by the participant and the

experimenter.

After the entire experiment is completed, one participant is chosen at random to oversee

the money transfer to the Christoffel Blindenmission Deutschland e.V. The participant

receives an additional compensation of 5 Euro for this task. The participant certifies that

the process has been completed as described here by signing a statement that can be

inspected by all participants at the office of the Chair of Quantitative Economic Policy. A

receipt of the bank transfer to the Christoffel Blindenmission Deutschland e.V. may also

be viewed here.

Comprehension Questions

Prior to the decision rounds we kindly ask you to answer a few comprehension questions.

They are intended to help you familiarize yourself with the decision situations. If you have

any questions about this, please raise your hand. Part I of the experiment will begin once

all participants have answered the comprehension questions correctly.

Part II of the experiment

Please read the instructions carefully. We will approach you in about five minutes to

answer any questions you may have. If you have questions at any time during the exper-

iment, please raise your hand and we will come to you. Part II of the experiment also

consists of 9 rounds of decision situations.

Decision Situations

As in Part I of the experiment, you take on the role of a physician in each round and

decide on medical treatment for a patient. That is, you determine the quantity of medical

services you wish to provide to the patient for a given illness and a given severity of this

illness.

Each patient is characterized by one of three illnesses (A,B,C), each of which can occur

in three different degrees of severity (x, y, z). In each consecutive decision round you will

face one patient who is characterized by one of the 9 possible combinations of illnesses and

degrees of severity (in random order). Your decision is to provide each of these 9 patients

with a quantity of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 medical services.
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Payment

In each round you are remunerated for treating the patient. In each round you receive a fee-

for-service (capitation) remuneration for treating the patient. Your remuneration increases

with the amount of medical treatment (irrespective of the amount of medical treatment)

you provide. In addition to this, in each round you receive a capitation remuneration that

is irrespective of the amount of medical treatment (a fee-for-service remuneration which

increases with the amount of medical treatment). You also incur costs for treating the

patient, which likewise depend on the quantity of services you provide. Your profit for

each decision is calculated by subtracting these costs from the sum of your fee-for-service

(capitation) and capitation (fee-for-service) remuneration. As in Part I, each quantity of

medical service yields a particular benefit for the patient—contingent on his illness and

severity. Hence, in choosing the medical services you provide, you determine not only your

own profit but also the patient’s benefit.

In each round you will receive detailed information on your screen (see below) for the

respective patient the illness, your amount of fee-for-service (capitation) remuneration—

for each possible amount of medical treatment—the amount of your capitation (fee-for-

service) remuneration, your costs, profit, as well as the benefit for the patient with the

corresponding illness and severity.

Payoff

At the end of the experiment one of the 9 rounds of Part II will be chosen at random.

Your profit in this round will be paid to you in cash, in addition to your payment from the

round chosen for Part I of the experiment. After the experiment is over, please remain

seated until the experimenter asks you to step forward. You will receive your payment at

the front of the laboratory before exiting the room.

As in Part I, no patients are physically present in the laboratory for Part II of the

experiment. Yet the patient benefit does accrue to a real patient: The amount resulting

from your decision will be transferred to the Christoffel Blindenmission Deutschland e.V.,

64625 Bensheim, an organization which funds the treatment of patients with eye cataracts.

The process for the transfer of money to the Christoffel Blindenmission Deutschland e.V.,

as described for part I of the experiment, will be carried out by the experimenter and one

participant.

Comprehension Questions

Prior to the decision rounds we kindly ask you to answer a few comprehension questions.

They are intended to help you familiarize yourself with the decision situations. If you have

any questions about this, please raise your hand. Part II of the experiment will begin
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Screen in Mixed FFS systems

Screen in Mixed CAP systems

once all participants have answered the comprehension questions correctly. Finally, we

kindly ask you to not talk to anyone about the content of this session in order to prevent

influencing other participants after you. Thank you for your cooperation!
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A.2 Additional figures and tables

Figure 1: Profit parameters in CAP, FFS, and mixed payment systems
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Notes: This figure illustrates profit parameters in different payment conditions of the experiment. Profits in

FFS and CAP (part I of the experiment) are shown in the left panel. The right panel illustrates profits in part

II of the experiment in mixed-FFS systems Mix-FFS-8 and Mix-FFS-6 or mixed-CAP systems Mix-CAP-2 and

Mix-CAP-4.

Figure 2: Patient health benefits
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Notes: This figure illustrates patient benefit parameters for illnesses k = A,B,C and severites of illness l = x, y, z,

which are kept constant for all payment conditions.
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Table 1: Experimental parameters

Quantity (q)

0 1 2 3 4 5 6 7 8 9 10

Patient BAx 4 5 6 7 6 5 4 3 2 1 0

benefit BAy 2 3 4 5 6 7 6 5 4 3 2

BAz 0 1 2 3 4 5 6 7 6 5 4

BBx 7 8 9 10 9 8 7 6 5 4 3

BBy 5 6 7 8 9 10 9 8 7 6 5

BBz 3 4 5 6 7 8 9 10 9 8 7

BCx 8 10 12 14 12 10 8 6 4 2 0

BCy 4 6 8 10 12 14 12 10 8 6 4

BCz 0 2 4 6 8 10 12 14 12 10 8

Costs c 0.0 0.1 0.4 0.9 1.6 2.5 3.6 4.9 6.4 8.1 10.0

FFS p 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

π 0.0 1.9 3.6 5.1 6.4 7.5 8.4 9.1 9.6 9.9 10.0

CAP L 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

π 10.0 9.9 9.6 9.1 8.4 7.5 6.4 5.1 3.6 1.9 0.0

Mix-FFS-8 μL 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6

(1− μ)p 0.0 1.6 3.2 4.8 6.4 8.0 9.6 11.2 12.8 14.4 16.0

π 3.6 5.1 6.4 7.5 8.4 9.1 9.6 9.9 10.0 9.9 9.6

Mix-FFS-6 μL 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4

(1− μ)p 0.0 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 10.8 12.0

π 6.4 7.5 8.4 9.1 9.6 9.9 10.0 9.9 9.6 9.1 8.4

Mix-CAP-2 μL 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6

(1− μ)p 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0

π 9.6 9.9 10.0 9.9 9.6 9.1 8.4 7.5 6.4 5.1 3.6

Mix-CAP-4 μL 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4

(1− μ)p 0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0

π 8.4 9.1 9.6 9.9 10.0 9.9 9.6 9.1 8.4 7.5 6.4

Notes: This table shows the parameters used in our experiment for all payment conditions. Notice that (1−μ)p

is the weighted FFS-component, μL is the weighted lump-sum component in mixed payment systems, and π

is the physician’s profit.
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A.3 Proof of Proposition 1

The physician’s objective function U(q) = (1− αi)π(q) + αiB(q) is concave as defined in

equation (2). Payment R(q) = μL+ (1− μ)pq, with μ > 0, is linear and −c(q) is concave

as c(q) is convex, thus π(q) is a concave function. As B(q) is also concave function and

α ≥ 0, U(q) is concave.

Note that as B(q) is not differentiable at q = q∗, with q∗ ∈ (0, 10). For q < q∗, the first-

order condition U ′(q) = (1− α)
[
(1− μ)p− q

5

]
+ αθ. For q > q∗, the first-order condition

U ′(q) = (1− α)
[
(1− μ)p− q

5

]− αθ.

For q > q∗, consider limq→q∗ U
′(q) = (1 − α)

[
(1− μ)p− q∗

5

]
− αθ. If (1-μ)p < q∗/5 −

[α/(1− α)] θ, limq→q∗ U
′(q) is positive. Also because U(q) is concave, U ′(q) > 0 ∀ q < q∗.

Therefore any q such that q ≤ q∗ cannot be optimal, i.e., physician i chooses q > q∗.

Analogously for q < q∗, consider limq→q∗ U
′(q) = (1 − α)

[
(1− μ)p− q∗

5

]
+ αθ. If (1-

μ)p < q∗/5 + [α/(1− α)] θ, limq→q∗ U
′(q) is negative. Also because U(q) is concave,

U ′(q) < 0 ∀ q > q∗. Therefore any q such that q ≥ q∗ cannot be optimal, i.e., physician i

chooses q < q∗.
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