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How Changes in Payment Schemes Influence Provision Behavior.
Evidence from a lab experiment with physicians and medical studentsI

Jian Wang 1,4, Tor Iversen 1, Heike Hennig-Schmidt1,3, Geir Godager*1,2

Abstract
When implementing a payment reform, policy makers face the challenge of assessing the effects on
health care providers’ behavior. Empirical evidence most often relies on field studies, register- or
survey data characterized by the absence of a control group. In this paper, we conduct a controlled
laboratory experiment to assess the effect of a change in the payment system using the parameters
of Hennig-Schmidt, Selten, and Wiesen (2011). We focus on the two payment systems fee-for-
service (ffs) and capitation (cap). Participants are either practicing medical doctors or medical
students. They are confronted with two different payment mechanisms, transitioning either from
ffs to cap or vice versa. We also analyze whether the effect of financial incentives is dependent on
cultural context by comparing German and Chinese medical students’ provision behavior. In line
with previous evidence, both doctors and medical students provide fewer medical services under
cap than under ffs. Patient benefit deviates significantly from the patient optimum under both
payment systems, even though subjects do not maximize their profits. Whether cap or ffs is
beneficial for the patient depends on the patient type. We find that doctors provide less patient
benefit and less frequently choose benefit-maximizing treatments. We find that the sequence of
payment schemes affects physician provision behavior. Under cap, more benefit is provided when
cap follows ffs as compared to the opposite order. Under ffs, we observe no such effect. The
interpretation is that provider behavior under a payment schemes can depend not only on the
current payment scheme, but also on the payment scheme that was implemented in the past.
Comparing medical students from Germany and China, we do not find any difference in behavior
under the same payment scheme.
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1 Introduction

The question of how physicians should be paid in order to promote higher quality health
care services while controlling costs has been central in health economics research for
decades. Understanding how physicians respond to economic incentives is fundamental
when aiming to achieve these goals. The existing theoretical literature and the empirical
literature based on field data and from controlled laboratory experiments provide evidence
that the design of a payment system for health care providers affects their decisions (see
for example Ellis and McGuire, 1986, 1990; Scott, 2000; Gosden et al., 2001; Iversen and
Lurås, 2000; Iversen, 2004; Yip et al., 2010; Hennig-Schmidt et al., 2011; Brosig-Koch et al.,
2016, 2017a, 2017b). When analyzing the most common forms of physician payment—fee-
for-service (ffs) and per-capita payment (cap) (see, e.g., McGuire, 2000)—a reoccurring
result is that the former promotes activity, and the resulting service volume can be higher
than optimal. Likewise, the latter prospective payment system encourages the provision of
few services, and the resulting service volume tends to be smaller than optimal (Newhouse,
1996).

ffs-based payment systems have traditionally been the prevailing payment method for
health care providers in many countries around the world. However, rapidly increasing
health care expenditures, which have been attributed to the significant importance of
physicians’ payment—particularly in the fee-for-service payment schemes—have become
a significant challenge (see the discussion in Hennig-Schmidt et al., 2011; Yip and Hsiao,
2008; Eggleston, 2012). In recent years, policy makers in many countries (e.g. USA, China,
Germany and Norway) have implemented health care reforms using prospective payment
methods including capitation in order to reduce health-related expenditures. When imple-
menting a payment reform, policy makers, however, face the challenge of accounting for
health care providers’ behavior. Knowledge of responses to changes in economic incentives
is necessary when calibrating payment systems to target desired results. The empirical
evidence in the literature on how payment schemes affect physician behavior most often
relies on field studies, register- or survey data. These data are characterized by an ab-
sence of control, which is necessary in order to provide reliable causal inferences about
the effects of incentives. Uncontrolled variations in the field can include e.g. unobserved
characteristics of the patient population or self-selection of providers (Gaynor and Gertler,
1995; Sørensen and Grytten, 2003; Grytten et al., 2009; Devlina and Sarma, 2008).

Laboratory experiments—being a complementary approach to surveys, field studies, ran-
domized control trials (RTC), and payment-reform experiments in the field—have the
unique feature of allowing the researcher to investigate the causal effects of a change in
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the payment system (a reform) on behavior, since laboratory experiments provide ceteris-
paribus variations: The payment system is manipulated while all other variables are kept
constant (Falk and Fehr, 2003; Falk and Heckman, 2009).. Controlled lab experiments
also have great potential as a ’test bed’ for field experiments, large-scale studies, and
institutional changes of the health care market before these changes are implemented.
They require much less time and financial resources to be implemented and analyzed
(see Hennig-Schmidt et al., 2011; Cox et al., 2016a). Finally, laboratory experimentation
provides a scalable approach, as it allows for the flexible adaptation of the experimental
setting.

We conduct a controlled laboratory experiment, designed to identify the causal effect of
payment schemes on provider behavior. We focus on the two non-blended payment sys-
tems ffs and cap. Participants are Chinese medical doctors as well as Chinese medical
students expected to become physicians in the future. In our within-subject-design, we
study a “reform” by letting subjects be confronted sequentially with two different pay-
ment schemes, transitioning either from ffs to cap or vice versa. We apply experimental
parameters identical to those in Hennig-Schmidt et al. (2011) and use a medically fram-
ed setting in which subjects in the role of physicians make decisions on the provision of
medical services. A subject’s quantity choice determines his or her own profit and a pa-
tient’s health benefit. Decisions are incentivized by monetary rewards determined by the
payment method in question (ffs or cap). Under ffs, participants receive a fee for each
medical procedure or service they provide to a patient. Under cap, they receive a fixed
payment for each patient they treat, independent of the quantity of medical services they
provide. We extend Hennig-Schmidt et al.’s (2011) between-subject design by confronting
doctors and medical students sequentially with both ffs and cap payment schemes while
randomizing whether participants are faced with ffs before cap (condition FC) or cap
before ffs (condition CF). Each participant in our experiment is assigned a physician’s
role and joins the experiment only once, either in condition CF or in condition FC. A real
patient’s health is affected by the participants’ treatment decisions.

Our first research question as well as our main contribution to the literature relates to
bringing the field to the lab by having real doctors taking part in our lab experiment, i.e.
by involving participants from the field. Our paper, thus, makes an important contribution
to the literature by enhancing the external validity of lab experiments in health economics.
Harrison and List (2004) highlight the importance of extending experiments beyond the
standard student subject pool in order to increase their relevance for predicting field
behavior. We address external validity in the present paper by investigating how practicing
doctors and prospective physicians (N = 99 and 179, respectively), who are members of
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two non-standard subject pools (see Harrison and List, 2004), respond to ffs and cap in
a medically framed lab experiment. We are among the very first to conduct a laboratory
study on payment incentives with real doctors; the other three we know of are Brosig-Koch
et al. (2016, 2017b) and Fink and Kairies-Schwarz (2017).

Our second research question is concerned with the sequence effect of payment schemes and
whether the order of payment systems matters when predicting behavior, as suggested, for
instance, by Camerer (2003) and Harrison et al. (2005). Our within-subject design enables
us to analyze this question due to the experimental feature that subjects are sequentially
confronted with two systems-either ffs followed by cap or vice versa. We are the first to
study this research question in a health economics lab setting with medical doctors, as,
differing from Brosig-Koch at al. (2017b), we compare both payment scheme orders.

Our third research question and contribution to the literature relates to the possibility
that the optimal payment scheme is dependent on (cultural) context: The preferences of
the providers are likely to be specific to the system in which they operate and are edu-
cated. Furthermore, even though financial incentives are important for physician behavior
(Scott et al., 2013), other factors like training, education, professional ethics, altruism, and
norms are of crucial importance as well (Yip et al., 2010). Hence, theories on the effects
of incentives should ideally be confronted with empirical evidence from different cultural
contextual settings. Countries like Germany and China are examples in this respect, and
by conducting our experiment in China, we may test the conjecture of system-context de-
pendence. We compare the behavioral data for medical students from China and Germany,
the latter being taken from Hennig-Schmidt et al. (2011) who employed an identical design
and procedure. If we find no evidence that behavior differs between the two countries; this
would suggest that incentives work in similar ways despite different cultural contexts.

Our controlled experimental study in China enables additional important insights for poli-
cy makers, as the data are not confounded by, for instance, changes in patient population.
Moreover, the mixture of different payment systems makes field studies rather incompa-
rable, and identifying sequence effects on behavior will rarely be feasible with field data.
In most market settings in the field, only data from one specific sequence of payment
schemes will exist. In line with previous empirical and experimental evidence, we also find
that in our within-subject design, both doctors and medical students provide fewer medi-
cal services under cap than they do under ffs. Whether cap or ffs is beneficial for the
patient depends on the patient type. Patients who need many services in order to achieve
maximum patient benefit are underserved under cap compared to ffs, whereas in most
cases the reverse holds for patients in need of low or intermediate levels of health care
services.

3



Concerning external validity—our first research goal—we find small but significant dif-
ferences in treatment quantity and patient benefit between medical doctors and medical
students. Medical doctors appear to provide less patient benefit than medical students,
and have a lower probability of choosing the patient-benefit maximizing alternative. How-
ever, this does not hold for all patients. Regarding our second research question whether
the order of a payment schemes has an impact on physician behavior, we find this to hold
for decisions made under the cap scheme: Patient benefit under the cap scheme is higher
in the case where cap is preceded by ffs than when cap is followed by ffs. For decisions
made under ffs, there is no evidence that the order of payment schemes influences patient
benefit. This finding suggests that anticipating the effect of a payment reform on patient
benefits requires that one consider the status quo. Concerning the dependence of behavior
on cultural context, we find no significant difference when comparing Chinese and German
medical students’ choices under the same payment system.

The remainder of the paper is organized as follows: in Section 2, we give a brief literature
account on field evidence from China and provide mixed evidence from the literature on
the sequence effect. In section 3 we describe the experimental design, parameters, and
procedure and state our research questions. Section 4 presents the results; and Section 5
discusses our findings and concludes.

2 Related literature on field evidence from China and the
sequence effect

2.1 Field evidence from China

Countries in a transition process experimenting with introducing an appropriate physician
payment system are particularly in need of information that would enable them to cali-
brate payment systems in an optimal way. In China, for instance, the rapidly increasing
health care expenditures have become a problem in providing health care for 1.3 billion
people (Eggleston, 2012). The rapid escalation in health care expenditure in China has
been attributed to the fee-for-service payment systems in China1 (e.g. Hsiao, 1995; Egg-
leston and Yip, 2004; Chen, 2007; Yip and Hsiao, 2008; Ramesh and Wu, 2009; Yip et
al. 2010). To remedy the situation, a health care reform was introduced by the Chinese
government (CPC Central Committee and the State Council, 2009; The State Council,

1Moreover, ffs is combined with a pricing schedule that allows China’s health care providers to earn
a substantial mark-up of the retail price of pharmaceuticals on each prescription (Eggleston, 2014; Yip et
al, 2010).
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2009). As payment reform was a priority, prospective payment methods including capita-
tion were introduced by the Ministry of Human Resources and Social Security (MoHRSS)
and the National Health and Family Planning Commission (NHFPC) in 2011 and 2012,
respectively (MoHRSS, 2011, 2013). China is one of the few countries that encourages
large-scale field experimentation in health to provide behavioral data on the response to
changes in physician payment schemes (Heilmann, 2008). This led to a number of local
‘quasi-experiments’ (Eggleston et al., 2008, 150) on health-related issues, including pay-
ment reforms for physicians. The resulting evidence is mixed, possibly due to the fact
that quite different combined payment schemes were introduced. Yip et al. (2014) found
that capitation payment with pay-for-performance helped to reduce the prescribing of
antibiotics and slightly reduced spending with no effect on other outcomes. Wang et al.
(2011) conducted an experiment in rural China, changing the fee-for-service scheme of
paying village doctors to a mixed payment scheme including a salary plus a bonus based
on performance. Total health care spending did not significantly decrease, however, ob-
viously due to cost shifting. A review by Yip et al. (2010) on earlier experiments suggests
a potential health care cost reduction by changing provider incentives towards prospective
payments. Gao et al. (2014) analyze survey data on a payment reform from fee-for-service
to capitation accompanied by open enrollment in Changde, Hunan Province. The authors
find that the reform did not reduce overall inpatient expenditure yet decreased patients’
length of stay without reducing the quality of care.

2.2 Sequence effect

Our within-subject design enables us to analyze the behavioral effects of payment scheme
sequences. Our design has the feature that payment systems are implemented in different
sequences. In condition CF, participants are first confronted with cap and then, in Part 2
of the experiment, experience. ffs. In condition FC, the sequence of payment schemes is
reversed. It has been argued that the sequence of payment systems might affect behavior,
but there is no clear evidence in the experimental literature on whether or not behavior
is influenced by sequence.

Sequence effects were absent in a series of experimental studies on public good games.
Whether subjects face a condition without (counter) punishment opportunity followed by
a punishment condition or whether they are confronted with the reverse sequence had no
significant effect on their behavior (see e.g. Fehr and Gächter 2000, 2002; Herrmann et
al., 2008; Nikiforakis, 2008; Fischbacher and Gächter, 2010). Other examples of absent
sequence effects are, for instance, experiments on the public provision of a private good
(Buckley et al., 2015, 2016), on the impact of liability changes on risk taking (Füllbrunn
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and Neugebauer, 2013) or on the impact of moving from a pure ffs to a hybrid payment
system combining ffs and pay-for-performance incentives and vice versa (Keser et al.,
2014).

Sequence effects have been found in other quite different experimental settings. In experi-
ments on the behavioral effects of introducing or removing a minimum wage, reservation
wages after minimum wage abolition fall but are higher than before their introduction
(Falk et al., 2006; Owens and Kagel, 2010). Hu et al., (2015) find that in an efficiency wa-
ge environment, the adjustment towards equilibrium is different for a high-price compared
to a low-price condition when compared to the reverse order. In the context of myopic
loss aversion, Hilgers and Wibral (2014) report that the order of confronting subjects with
a change in framing a decision problem affects how they bracket their choices. Stoddard
(2015) shows that behavior differs in voluntarily providing a public good when there is pro-
babilistic uncertainty about the monetary return from the production of the public good.
A negative impact of uncertainty on provision occurs only when subjects experience the
condition under certainty prior to experiencing an uncertainty condition. Neugebauer and
Perote (2008) observe a sequence effect in bidding behavior in first price auctions with and
without information feedback. When subjects are exposed to the no-feedback condition
before or after the feedback, bids in the latter are significantly higher than in the former.
Heinemann and Kocher (2013) confront experimental participants with a proportionate
tax regime followed by a progressive one and vice versa. They found that a regime change
from a progressive to a proportionate tax tends to increase tax compliance as compared
to a change in the reverse direction.

3 Experiment

3.1 Experimental design

Basic setup and decision situation

Our experimental design draws on the seminal model by Ellis and McGuire (1986). The
physician is assumed to be concerned about her own profit π as well as about the patient
benefit B, the latter depending on the quantity of medical services q. The specifics of the
experimental design are taken from Hennig-Schmidt et al. (2011). Our experiment differs
from theirs, however, in that we apply a within-subject design whereas Hennig-Schmidt
et al. employ a between-subject setup.

Each participant in our experiment acts in the role of the physician. The decision task is to
choose a quantity of medical services for a given patient whose health benefit is determined
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by that choice. Each physician i decides on the quantity of medical services q ∈ 0, 1, ..., 10
for three patient types (j = 1, 2, 3) with five abstract illnesses (k = A,B,C,D,E). She thus
makes 15 decisions in both the ffs and the cap part of the experiment. The three types of
patients account for a heterogeneous patient population. Patient types reflect the patients’
different states of health. The combination of patient type and illness characterizes a
specific patient 1A, 1B, 1C, ..., 3D, 3E. Patient types differ in the health benefit they gain
from the medical services (B1k(q), B2k(q), B3k(q)). The patient health benefit is measured
in monetary terms. A physician’s choice of medical services simultaneously determines
the patient benefit and her own profit (πjk(q)). The patient is assumed to be passive and
fully insured, accepting each level of medical service provided by the physician. In our
experiment no real patients are present. However, outside the lab, physicians’ quantity
choices have consequences for a real patient. The money corresponding to patient benefits
aggregated over all decisions was transferred to a real patient’s in-hospital account (see the
Instructions in Appendix B). Thus, participants in our experiment did have an incentive
to take the patient benefit into account when making their decisions.2

To illustrate the physicians’ task, Figure 1a provides the decision screen for patient 1C
under cap whereas Figure 1b shows the decision screen for the same patient under ffs.3

The physician gets information on her remuneration, costs and profit as well as on the
patient’s benefit for each quantity from 0 to 10. All monetary amounts are in Token,
our experimental currency, the exchange rate being 10 Token = 1 RMB for students and
10 Token = 6 RMB for doctors (1 RMB was approximately € 0.12 at the time of the
experiment).

The first two columns of the screens state the medical services and the corresponding
quantities. Column 3 indicates the physician’s remuneration that corresponds to a lump-
sum payment per patient in cap (Figure 1a), whereas under ffs, the remuneration increa-
ses in the quantity of medical services (Figure 1b). Column 4 shows the costs of medical
services that are constant across patient types in both parts of the experiment. Physici-
an’s profit (remuneration minus costs) is given in the fifth column, and the final column
comprises the patient benefit.

2We did not inform the participants about the name of the person to whom the money was transferred.
3See also the Chinese decision screens in Appendix D.
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Figure 1a. Illustration of the decision screen for patient 1C under cap

Parameters

Physicians are paid a lump sum of 12 Token per patient under cap. Under ffs, physicians’
remuneration increases in q. Remuneration differs with illnesses,RjA(q), RjB(q), ..., RjE(q).
The lump sum paid under cap is close to the average maximum profit per patient a sub-
ject could achieve under ffs. For an overview of all payment parameters, see panel I in
Table A1 in Appendix A. The patient benefit Bjk(q) varies across patient types. A con-
cave benefit function is applied, the common characteristic of which is a global optimum
on the quantity interval [0, 10]. There is a unique quantity q∗

jk that yields the highest
benefit to patients of type j for illnesses k. The quantities that maximize patient benefit
are q∗

1k = 5, q∗
2k = 3 and q∗

3k = 7 for patient types 1, 2, and 3, respectively—and the
participants are informed of these values before they make their quantity decision. Patient
benefit Bjk(q) is shown in panel IV of Table A1. We refer to quantities smaller than q∗

jk as
underprovision of medical care, while provision of quantities larger than q∗

jk is defined as
overprovision. Further parameters relevant for physicians’ decisions are costs cjk(q) and,
particularly, profit πjk(q); see panels II and III of Table A.1. Physicians have to bear costs
cjk(q) = 1/10 × q2 under both payment systems. Under cap, profits are the same for
all illnesses. The profit-maximizing quantity q̂ is 0 for all patients, jk. Under ffs, pro-
fits vary across illnesses because remuneration differs while costs are kept constant. The
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Figure 1b. Illustration of the decision screen for patient 1C under ffs

profit-maximizing quantity q̂ is 10 for all patients, jk, except for those with illness A, (i.e.,
patients 1A, 2A and 3A) as q̂jA = 5. For patient 1A, q̂ = q∗ = 5.

3.2 Experimental protocol

Applying a within-subject design, each of the 178 Chinese medical students and 99 doctors
participating in our experiment was sequentially confronted with the same 15 decisions
(patients) in both of the two payment systems ffs and cap. The subjects were randomly
assigned to experimental sessions where either cap was implemented in Part 1 of the
session followed by ffs in Part 2 (condition CF) or in reversed order (ffs in Part 1
followed by cap in Part 2, condition FC). This 2 x 2 design allows us to compare the
behavior of the two subject pools over experimental conditions. Each participant was
assigned a physician’s role and joined the experiment only once, either in condition CF
or in condition FC. Participants were informed at the beginning that the experiment
consisted of two parts, but they did not know what the second part would be.

Our experiment was conducted in September 2012 and 2013 at the Center for Health
Economic Experiments and Public Policy at Shandong University in Jinan, China and
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was programmed with z-Tree (Fischbacher, 2007).4 Medical students who voluntarily par-
ticipated in the experiment were recruited via notices posted at the campus and by email
invitations. Doctors were recruited through a phone call stating that a research experiment
from Shandong University needed volunteers.5

The experimental procedure was as follows and was exactly the same for medical students
and doctors. After having arrived and before the experiment started, participants were
randomly allocated to their workstations. The workstations were numbered and separated
from each other by wooden panels and curtains. It was thus guaranteed that they made
their decisions in both parts of the experiment in complete anonymity. Then, instructions
for Part 1 of the experiment were distributed to participants and read out by a native
experimenter. Participants decided under either a cap or an ffs system. Subjects were gi-
ven plenty of time to read the instructions and to ask clarifying questions in private, which
were answered individually. In cases that the content was important for all participants,
the question and answer were repeated in public. To check for participants’ understanding
of the decision task, they had to answer a set of test questions on remuneration, costs,
physician profit and patient benefit for three different quantities of medical services for a
patient they were not confronted with in the actual experiment.6 Each participant then
went through a sequence of 15 choices (patients) on the quantity of medical services to be
provided. The order of patients to be treated was predetermined and kept constant across
conditions. After each decision, each participant in both parts of the experiment was in-
formed about his/her profit and the patient benefit generated by the previous choice. At
the end of the first part of the experiment, each participant received information about
his/her total profit achieved and the total health benefit generated during all 15 quantity
decisions. Finally, the participants answered some open-ended questions.

Next, instructions for the second part of the experiment were distributed and read out by
the native experimenter. In Part 2, participants decided under the payment system they
had not yet been confronted with. Again, each decision maker received information on
his/her total profit achieved and the total health benefit created during all 15 decisions.
After the second part of the experiment had been completed, participants were again asked
some open-ended questions. The doctors were also asked about socio-demographic variab-
les and professional experience. Finally, participants were informed about their individual
total profit and the resulting total benefit aggregated over Parts 1 and 2 of the experiment

4All material distributed to the participants was translated into Chinese by a Chinese native fluent
in German from the original German version by using the back translation method (Brislin, 1970). For a
translation into English, see Appendix C1. It is important to instruct participants in their native language
because the language the experiment is presented in may affect their behavior; see e.g. Costa et al. (2014a,b).

5When signing up, participants did not know about the decision tasks.
6See Appendix C2 for the English translation of test questions and the respective computer screens.
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as well as on their final monetary payoff. Finally, participants were paid in private and
dismissed individually.

To ensure that the experimental subjects trusted the experimenters to actually trans-
fer the money derived from the patient benefit, a certain procedure was applied to ensure
trust7: A monitor was randomly selected from the participants in a session. He/she verified
the amount of money corresponding to the patient benefits aggregated over all decisions
of all participants in the respective session. Then, the monitor and an assistant to the
experimenters went by taxi to the Shandong Cancer Hospital in Jinan and paid the cor-
responding amount in cash into the patient’s account at the hospital’s cashier’s desk.8

The monitor signed a statement that the appropriate monetary amount was paid into the
patient’s hospital account. All participants in each session received an email stating the
amount equaling the aggregate health benefits generated during the respective session.
Each monitor in the medical student subject pool was paid an additional 50 RMB and
each doctor 200 RMB.

We conducted four sessions, and each experimental session comprised one condition with
conditions alternating across sessions. Sessions lasted for about 90 minutes. Based on the
decisions in the two conditions, each of the 178 medical students on average earned 28
RMB; 15 RMB (€1.80) in cap and 13 RMB (€1.56) in ffs plus a show-up fee of 15
RMB (€1.80). Doctors on average earned 160 RMB (86 RMB (€10.32) in cap and 74
RMB (€8.88) in ffs.9 Based on all 8,310 decisions, a total of 19,814 RMB (€2,377.68)
was transferred to the real patient’s account; 4,751 RMB (€570.12) for the sessions with
medical students and 15,063 RMB (€1,807,56) for the sessions with doctors.

3.3 Research questions

Our first research question is: do medical students behave differently from medical doc-
tors? The question relates to the external validity of experimental studies where medical
students are assigned the role of medical doctors. Harrison and List (2004) highlight the
importance of extending experiments beyond the standard student subject pool to increase
their relevance for predicting behavior in the field. We address external validity in the pre-
sent paper by bringing the field to the lab (Cardenas 2005) and having practicing doctors

7This procedure is similar to Eckel and Grossman (1996), Hennig-Schmidt et al. (2011), Godager and
Wiesen (2013), Hennig-Schmidt and Wiesen (2014), Godager et al. (2016) and Brosig-Koch et al. (2016,
2017a).

8We took great care that the monitor did not see the name of the real patient in order to maintain the
patient’s anonymity.

9Average payoffs for students approximately corresponds to the hourly wage of a student helper at
Shandong University of about 30 RMB. For doctors the average hourly wage is about 120 RMB.
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participate in our experiment. We also involve prospective physicians, i.e. medical stu-
dents, another non-standard subject pool (Harrison and List, 2004). Moreover, our sample
sizes (99 doctors and 178 medical students) are much larger than in previous comparable
experimental studies (see e.g. Hennig-Schmidt et al., 2011; Hennig-Schmidt and Wiesen,
2014; Brosig-Koch et al., 2016, 2017a; Cox et al., 2016b).

We systematically analyze how the members of these two non-standard subject pools re-
spond to the financial incentives of cap and ffs and if so whether doctors and medical
students behave differently. Differences would suggest that professional experience in trea-
ting patients change physicians’ provision behavior—to the benefit or the detriment of the
patients. Brosig-Koch et al. (2016), for instance, find that doctors and medical students
respond to the incentives in a consistent way: significantly more medical services are provi-
ded under ffs than under cap. The intensity, however, by which subjects respond, differs
by subject pool. Physicians are more patient-regarding than medical students in both
payment schemes. The first research question also relates to whether professional experi-
ence matters for decisions insofar as doctors and medical students behave differently, in
particular with regard to providing the maximal patient benefit.

The second research question is: does the sequence in which participants experience the
payment systems influence their behavior? Is, for example, behavior under a cap scheme
different if cap follows ffs compared to the case where cap is introduced first?

Our third research question is: is provision behavior dependent on cultural context? The
importance of non-financial factors like culturally different education and norms for phy-
sician behavior, has been highlighted in recent literature (Yip et al., 2010; Scott et al.,
2013). To test the hypothesis of cultural context dependence, we compare behavioral data
for medical students from China and Germany based on experiments with identical para-
meters. We have no clear conjecture as to possible behavioral effects. However, finding no
evidence for behavioral differences between the two countries would suggest that incentives
work in similar ways despite different cultural contexts.

4 Results

In subsection 4.1, we give a brief description of the subject pools and test for differences in
aggregate provision behavior between cap and ffs. In subsection 4.2, we analyze and test
whether doctors and medical students are different in providing treatment and patient be-
nefit. In subsection 4.3, we analyze how the sequence of payment schemes affects behavior
and report regression results where we jointly assess the effect of payment schemes, pay-
ment scheme sequences and subject pools on students’ and doctors’ behavior. Subsection
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4.4 compares behavior in the two subject pools of medical students from Germany and
China. Throughout the paper, all statistical tests applied are two-sided.

4.1 Subject pool characteristics

In our experiment, 277 subjects participated (Table 1). Of these, 178 were medical students
of whom 57 % were females. The overall average duration of study was 4.9 semesters. The
major of all medical students was Clinical Medicine. The number of participating doctors
was 99 with an average age of 40, and 70 % were females. They had on average of 16.23
years of professional experience (min. 1, max. 39). The doctors were practicing as general
practitioners (75 %), in traditional Chinese medicine (10 %) or in public health (4 %);
11 % of the doctors practiced in all or several of these fields. All doctors were employed
at community health centers where salaries are set according to a fixed salary scheme.
Thus, both the medical students and the doctors have in common that they had little or
no practical experience with fee-for-service payment or capitation payment systems.

Table 1. Experimental conditions, number of subjects, decisions and participants’ charac-
teristics

Subject pool Total # Total #
Condition Doctors Students male subjects obs
CF: cap followed by ffs 49 88 36% 137 4110
FC: ffs followed by cap 50 90 24% 140 4200
Total 99 178 30% 277 8310

Notes:
This table shows experimental conditions, number of subjects and their decisions as well as participants’ characteristics.
Total #obs is the total number of decisions per condition

The aggregate provision behavior under cap and ffs is presented in Table 2. Here we ana-
lyze the data pooled over doctor and medical student subject pools (N=277 subjects; 4155
decisions per payment system). We here also pool data from the same payment-scheme,
regardless of whether the scheme was implemented first or second in the experiment. In
line with earlier studies, we find that our participants respond to the incentives given by
the payment systems: average quantities in cap are lower than those in ffs (cap: 4.56,
ffs: 6.10; N=277). This also holds true for patient benefit but only slightly (cap: 8.62,
ffs: 8.70); see Table 2 for both q and B. Analyzing the mean quantity provision for each
of the 15 patients in cap and ffs, we observe a significantly higher number of services
under ffs than under cap (p≤0.0001, Wilcoxon matched-pairs signed-ranks test, WM in
the following)10. Thus, we corroborate the experimental results of Hennig-Schmidt et al.

10Applying a conservative Bonferroni correction for multiple hypothesis testing gives an adjusted thre-
shold for statistical significance of p = 0.05/15 = 0.0033 when tests are applied 15 times. In the above
analysis, the difference for patient 1A becomes insignificant. In the following, we will explicitly mention
whenever the use of the Bonferroni correction would imply not rejecting the null hypothesis.
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(2011), Keser et al. (2013), Hennig-Schmidt and Wiesen (2014) and Brosig et al. (2016,
2017a) showing that under ffs more services are provided as compared to cap. We find
the same behavior in our within-subject design.

Table 2. Aggregate provision behavior under cap and ffs. Mean (Std.Dev) of quantity
and patient benefit, and the number of decisions

Payment Doctors Medical students Total
system Quantity Benefit #obs Quantity Benefit #obs Quantity Benefit #obs
cap 4.59 (1.78) 8.29 (2.58) 1485 4.53 (1.57) 8.81 (2.17) 2670 4.54 (1.65) 8.62 (2.19) 4155
ffs 6.03 (1.92) 8.61 (1.75) 1485 6.16 (1.78) 8.98 (1.19) 2670 6.11 (1.83) 8.70 (1.82) 4155

Notes:
This table shows descriptive statistics on quantities of service provision, provision of patient benefit over payment systems and
subject pools. #obs is the number of decisions under each payment scheme aggregated over conditions CF and FC.

Figure 2. Mean quantity provision for each of the 15 Patients under cap and ffs diffe-
rentiated according to subject pools – pooled over both parts of the experiment.

Notes: This figure shows average quantities of service provision as well as patient benefit and profit maxima for payment systems ffs
and cap for Chinese doctors (N=99), and medical students (N=178), pooled over both parts of the experiment.

We find that under cap, the chosen quantities are significantly different from q∗ for all
15 patients (p ≤ 0.0002, WM). Underprovision prevails more often than overprovision for
all patients of patient types 1 and 3, while for patient type 2 the reverse holds true. Under
ffs chosen quantities deviate significantly from q∗ for 12 of the 15 patients (p ≤ 0.0337,
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WM)11. The three patients where we do not find significant differences are patients 1A—
where q∗and q̂ coincide—3C, and 3D. Overprovision is more common than underprovision
except for patients of type 3.

Summary: In line with previous empirical and experimental studies, the incentives of the
two payment systems affect medical service provision in that participants provide more
services under ffs than under cap. Over- and underprovision in the two payment systems
depend on patient type.

4.2 External validity—Do Chinese doctors and medical students differ
in their provision behavior?

Our first research interest is concerned with adding to the external validity of laboratory
experiments on physician payment incentives by bringing the field to the lab and having
real doctors in addition to prospective physicians take part in our experiment. To this
end, we compare how Chinese doctors and medical students respond to ffs and cap in
providing services q and in the resulting patient benefit B. In this subsection, we again
analyze the data pooled over both parts of the experiment for the same payment system.

Our analysis shows that doctors and medical students are influenced by the incentives
of the payment systems. Doctors provide an average of 4.59 (s.d. 1.78) services in cap
and 6.03 (s.d. 1.92) services on average in ffs, see Table 2. Mean quantities provided
by students are 4.53 (s.d. 1.57) services on average in cap and an average of 6.16 (s.d.
1.78) services in ffs. Our separate analysis of mean quantity provision for each of the
15 patients in cap and ffs corroborates for both subject pools the significantly higher
service provision under ffs than under cap (doctors: p ≤ 0.0133, medical students: p ≤
0.0001, WM)12 found in subsection 4.1 (see also Figure 2). Doctors and medical students
differ in how strongly they respond to the incentives in both payment schemes. Doctors
provide significantly less patient-regarding services for each of the three patient types (p
≤ 0.0366 Mann-Whitney U-test, MWU in the following) except for patient type 1 in cap;
see also Fig. 2.13 This is in contrast to results of Brosig-Koch et al. (2016) from Germany
who report that doctors are influenced by both payment schemes but less so than medical
students, i.e. they provide more patient-regarding treatment. We will come back to this
issue in the conclusion.

11For decision 3B (p=0.0337), the Bonferroni-corrected p-value does not allow for rejecting the hypothesis
of no deviation from q∗.

12For decision 1A (p = 0.0133), the Bonferroni-corrected p-value does not allow for the rejection of the
hypothesis of no difference between cap and ffs.

13The same holds true for patient benefit for all patient types in both payment schemes (p < 0.0001,
MWU), see also Figure 3.

15



To get deeper insights into the causes of these differences, we next compare whether
doctors and medical students behave differently when providing medical services q and
patient benefit B for each of the 15 patients. We find that under ffs, doctors’ choices
result in a significantly lower q for four of the patients of Type 3 (3B–3E)14. With regard
to patient benefit, doctors provide significantly lower patient benefit for patients 1A and
3A–3E. In cap, doctors’ service provision q is significantly lower for all patients of Type 2
and slightly significantly higher for patient 3B15. As for B, doctors provided significantly
lower patient benefit for all patients of Type 1, for 2A-2D and 3D. Note that we do not find
any patient for whom physicians provide significantly more patient benefit than medical
students. For p-values of the 15×4 MWU-tests see Table B1 in Appendix B.

Figure 3. Mean patient benefit for each of the 15 Patients under cap and ffs differentiated
according to subject pools – pooled over both parts of the experiment.

Notes: This figure shows provision of patient benefit for payment systems ffs and cap for Chinese doctors (N=99), and medical
students (N=178), pooled over both parts of the experiment.

The differences between doctors’ and medical students’ behavior might be due to the
14With a Bonferroni correction, we no longer reject the hypothesis that a difference exists for the treat-

ment of patients 3B and 3C.
15When applying a Bonferroni correction, the differences are only significant for patient 2D.
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fact that the former less often provide Bmax, the patient-optimal quantity q∗. Figure 4
shows the relative frequencies of subjects choosing to maximize patient benefit. We observe
substantial differences with regard to subject pools, patients, and payment systems. Pooled
over both payment schemes, 52.7 % of medical students chose q∗ compared to only 40.7 %
of doctors. This difference is highly significant (p < 0.001, chi2 test). Testing behavioral
differences for each patient and payment system reveals that under cap, the doctors are
significantly less likely to provide q∗ (Bmax) for 80 % of the patients (12 of 15) (p ≤ 0.05
chi2 tests); the exceptions are patients 3A, and 3B, 3E.16 Under ffs, this applies to 33 %
(5 of 15), namely 1A, 2E, and 3A–3C (p ≤ 0.05)17.

Result 1: From our non-parametric analysis, we find that both doctors’ and medical stu-
dents’ service provision is higher in ffs than in cap with doctors providing the patient
optimal quantity less often in both payment schemes. Doctors’ decisions lead to lower
patient benefit than those of medical students. This holds more strongly for cap than for
ffs.

Figure 4. Percentage of subjects who choose q∗ for the 15 decisions in cap and ffs.

Notes: This Figure shows the proportion of subjects providing q∗ differentiated by payment systems and subject pools. Data are
pooled over both parts of the experiment. N=178 for medical students and N=99 for doctors.

16When applying a Bonferroni correction, the difference for patient 3C in cap becomes insignificant.
17When applying a Bonferroni correction, the difference for patient 3B in ffs becomes insignificant.
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Table3. Aggregate quantities and patient benefits by condition and subject pool.
Country Condition N # obs Part 1 of the experiment Part 2 of the experiment

q

(Subject type) Payment Mean SD Payment Mean SD

China

(All) CF 137 4110 cap 4.57 1.8 ffs 6.06 1.83
FC 140 4200 ffs 6.16 1.83 cap 4.53 1.49

(Doctor) CF 49 735 cap 4.56 1.9 ffs 5.92 1.89
FC 50 750 ffs 6.14 1.95 cap 4.61 1.65

(Student) CF 88 1320 cap 4.57 1.75 ffs 6.14 1.8
FC 90 1350 ffs 6.18 1.76 cap 4.48 1.38

Germany

(Student) N/A 22 330 cap 4.4 1.64 N/A

B(q)

N/A 20 300 ffs 6.6 1.85 N/A

China

(All) CF 137 4110 cap 8.28 2.66 ffs 8.91 1.41
FC 140 4200 ffs 8.79 1.45 cap 8.97 1.91

(Doctor) CF 49 735 cap 7.89 2.86 ffs 8.58 1.89
FC 50 750 ffs 8.63 1.62 cap 8.7 2.2

(Student) CF 88 1320 cap 8.49 2.52 ffs 9.09 1.01
FC 90 1350 ffs 8.88 1.34 cap 9.13 1.7

Germany

(Student) N/A 22 330 cap 8.56 2.46 N/A
N/A 20 300 ffs 8.83 1.1 N/A

Notes: This table shows descriptive statistics on quantities of service provision and patient benefit for conditions, payment systems
for all participants as well as for subject pools. The data are differentiated by parts 1 and 2 of the experiment. N is the number of
independent observations by conditions and payment systems, whereas # obs is the number of decisions under both payment schemes
in each of the conditions CF and FC.

4.3 Sequence of payment schemes.

Our second research interest is concerned with the effect of payment scheme sequence.
Does experiencing cap first and ffs second or vice versa affect the behavior of doctors
and medical students? Our sequential within-subject design enables us to analyze this
question.

Non-parametric analysis.

Table 3 shows the average provision of services q and patient benefit B by condition and
differentiated by parts 1 and 2 of the experiment for all participants and for doctors and
medical students separately.

Figure 5 presents the mean quantity provision for each of the 15 Patients under cap and
ffs, pooled over the two Chinese subject pools and differentiated by parts 1 and 2 of the
experiment. We see that although the pattern of mean quantity choices have similarities
in both parts of the experimental sessions, participants behave (slightly) more patient
regarding in part 2 meaning that the chosen q is closer to q∗ for many patients. This is
particularly true for cap.
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Figure 5. Mean quantity provision for each of the 15 Patients under cap and ffs in part
1 and 2 of the experiment pooled over the Chinese subject pools.

Notes: This figure shows mean quantity provision for each of the 15 Patients for both payment systems cap and ffs in both parts of
the experiment. The data are pooled over the Chinese subject pools. N=277.

We conducted a series of tests to analyze whether a systematic tendency concerning the
sequence of payment schemes exists and test this for both cap and ffs and for each of the
15 decisions18. For service provision q, we find that for 7 of the 15 decisions made under
cap, the sequence does matter in that we find (weakly) statistically significant differences
in q between parts 1 and 2 of the experiment. Depending on patient type, q is higher (1A,
1B) or lower (2A–2E) in FC, i.e., when cap is implemented second19. We only find q to
be significantly higher under ffs in CF for 2D20. This finding is corroborated by applying
a robust test for equality of variance (Levene, 1960) where the variance of q-choices under
cap is found to be significantly larger in CF than in FC (p < 0.0001). In contrast, there
is no evidence in the data that this holds true for ffs. Thus, we cannot reject the null
hypothesis of equal variance under ffs (p = 0.2560). For patient benefit, we get similar
findings as those for q-choices with more pronounced benefit-increasing behavior in cap
(see Figure 6). For 9 of the decisions made under cap, the sequence does matter in that
B in FC is highly significantly higher in 1A–1C, 1E, and in 2A–2E, i.e., when cap follows

18We present the p-values for the 15 × 4 MWU tests for both quantity and patient benefit in Table B2
of Appendix B.

19When applying a Bonferroni correction, the differences are significant only for patients 2B and 2C.
20The difference becomes insignificant when applying a Bonferroni correction.
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ffs. We only find a significant sequence effect under ffs in 2D21.

Figure 6. Mean provision of patient benefit for each of the 15 Patients under cap and ffs
in part 1 and 2 of the experiment pooled over the Chinese subject pools.

Notes: This figure shows mean provision of patient benefit for each of the 15 Patients for both payment systems cap and ffs in both
parts of the experiment. The data are pooled over the Chinese subject pools. N=277.

Regression analysis.

In order to jointly assess the effects of different sequences in payment schemes, payment
schemes in general, and differences in the behavior of doctors and medical students we
finally run two regression models where we let the chosen quantity and the patient benefit
correspondingly enter as dependent variables for each model. We include all 30 decisions
of each of the 99 doctors and 178 medical students. By fitting random effects models and
applying clustered standard errors, the regression models enable us to handle repeated
observations of the same subject. Since we have two different payment schemes (cap and
ffs) and two different sequences of payment schemes (CF and FC), each decision will be
made in one of four scenarios. We, therefore, create dummy variables for the three settings,
ffs in CF, cap in CF, and ffs in FC with decisions made under cap in FC being the

21This becomes insignificant when applying a Bonferroni correction.
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Table 4. Results from ordinal regression models. The impact of payment schemes and
sequence on service provision, q and patient benefit, B(q).

Dependent variable: q Dependent variable: B(q)
Regressors Odds Ratio 95% C.I. Odds Ratio 95% C.I.
ffs in CF 6.84 *** 5.35 8.74 0.42 *** 0.31 0.58
cap in CF 1.07 0.84 1.38 0.46 *** 0.32 0.67
ffs in FC 7.71 *** 5.74 10.35 0.35 *** 0.28 0.42
Doctor 0.95 0.77 1.16 0.60 *** 0.44 0.81
Patient
1A (reference)
1B 2.80 *** 2.42 3.24 0.15 *** 0.11 0.22
1C 2.44 *** 2.13 2.80 0.25 *** 0.18 0.35
1D 2.95 *** 2.58 3.37 0.19 *** 0.14 0.27
1E 3.54 *** 2.96 4.22 0.19 *** 0.13 0.27
2A 0.28 *** 0.23 0.33 0.23 *** 0.16 0.34
2B 0.52 *** 0.40 0.67 0.22 *** 0.15 0.32
2C 0.40 *** 0.31 0.53 0.25 *** 0.18 0.36
2D 0.53 *** 0.41 0.69 0.20 *** 0.14 0.29
2E 0.40 *** 0.28 0.57 0.31 *** 0.21 0.45
3A 4.66 *** 3.78 5.76 0.04 *** 0.03 0.05
3B 7.07 *** 5.76 8.68 0.04 *** 0.03 0.06
3C 7.63 *** 6.19 9.42 0.05 *** 0.03 0.06
3D 7.67 *** 6.24 9.42 0.05 *** 0.03 0.07
3E 10.67 *** 8.43 13.51 0.04 *** 0.03 0.05
Number of obs 8310 8310
Number of subjects 277 277
Obs per subject 30 30
Random effects Yes Yes
Clustered S.E. Yes Yes
Log pseudolikelihood -13894.3 -16439.3

Note: The table shows the effect of payment schemes and sequence estimated by means
of ordinal logistic regression with subject-specific random effects based on decisions made
by medical doctors and medical students in China. Estimates with *** indicate that the
odds ratio is significantly different from 1 at the 0.1% level in a two-tailed test.

reference category. Furthermore, we include a dummy for doctors. Finally, we control for
patients with 14 dummy variables, where patient 1A enters as reference category. We
estimate the models with individual specific random effects and present robust standard
errors clustered at the level of the individual. The results are presented in Table 4.

The regression analyses corroborate the results of our non-parametric analyses. Estimated
odds ratios of ffs in FC and CF are both substantially higher (lower) than 1, when
quantity (benefit) is the dependent variable. The interpretation is that ffs results in
larger quantities than cap. We observe that for patient benefit the estimated odds ratio
of the dummy for doctors is less than 1, implying that decisions made by medical doctors
on average lead to lower patient benefit than those made by medical students. Analyzing
the sequence effect of cap on provided quantity and patient benefit, we observe that
the estimated odds ratio of cap in CF is not significantly different from 1 for quantity
but is significantly less than 1 for patient benefit. The interpretation is that cap in FC
results in higher average patient benefit than cap in CF. In both regression models, the
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confidence intervals of ffs in CF and in FC have substantial overlap, implying that there
is no significant difference between the two conditions CF and FC for ffs with regard to
patient benefit. Our findings regarding the cap-system suggest that for anticipating the
effects of a physician payment reform on provision behavior and on patient benefits in
particular, it may be important to take the status quo from which the reform starts into
account. We will come back to this issue in the discussion in section 5.

Result 2: We find a sequence effect in that cap results in higher patient benefit when
it is experienced after ffs as in FC than when is experienced first as in CF. We find no
significant difference between the two conditions CF and FC for ffs with regard to patient
benefit. Medical doctors provide less patient benefit than medical students.

4.4 Comparing behavior of medical students from China and Germany.

Our third research question concerns whether different contextual settings influence be-
havior. To this end, we compare behavioral data for medical students from China and
Germany, the latter being taken from Hennig-Schmidt et al. (2011), who did not employ a
within-subject design that confronts subjects with two different payment schemes22. Apart
from that, our design and procedure are identical to theirs. For the comparison, we use
the behavioral data from the first parts of our conditions CF and FC for Chinese medical
students. We thus analyze data for N=88 Chinese and N=22 German medical students
in cap and for N=90 and N=20, respectively, in ffs (see Table 3). Figure 7 shows that
Chinese and German medical students behave rather similarly. The latter consistently
provide (slightly) more medical services on average in ffs than Chinese medical students
do (see Table 3). We, however, find no evidence in the data that chosen quantities q or the
provided patient benefit B differ significantly between the two subject pools when apply-
ing MWU-tests for each of the 15 patients under both payment systems23. We also test
whether the frequency of choosing q∗ is different between the two subject pools. Overall,
nearly half of all patients are provided with their benefit maximum (German students:
49.7 %, Chinese students 47.9 %). Differences are small and not statistically significant
(p = 0.148, Fisher’s exact test). We also do not find statistically significant differences
between the two student groups in the frequencies of choosing q∗ for each patient within
the two payment systems (p > 0.13, Chi2 test). Exceptions are patients 1A in ffs and 2C
in cap, where the difference is weakly significant (p > 0.06, Chi2 test) 24. As robustness

22Hennig-Schmidt et al. (2011) had no doctors participating in their experiment.
23See the values from the 4*15 MWUtests in Table B3 in Appendix B.
24See the p-values of the 2 × 15 chi2 tests in table B4 in the appendix. Applying a Bonferroni correction

also renders patients 1A in ffs and 2C in cap insignificant.
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check and to jointly assess whether there are differences between the three subject pools
(Chinese doctors and Chinese and German medical students), we run regression models
where we let the chosen quantity and the patient benefit correspondingly enter as de-
pendent variables. Also in the regression analysis, we only include the first 15 decisions
from the Chinese sessions. The previous non-parametric results of significant differences
between doctors and medical students in China are confirmed as well as our findings of
no significant differences between the two groups of medical students (see Table B5 in
Appendix B).

Result 3: Chinese and German medical students behave similarly in providing services q
and patient benefit B as well as in choosing the optimal patient treatment.

Figure 7. Mean quantity choices for each of the 15 Patients under cap and ffs for the
Chinese and the German subject pool.

Notes: This figure shows mean quantity provision for each of the 15 Patients for both payment systems cap and ffs of Chinese and
German medical students. China: medical students cap: N=88, ffs: N=90; Germany: medical students, cap: N=22, ffs: N=20.

5 Discussion and concluding remarks.

In this paper, we examine how changes in payment mechanisms influence the behavior
of medical students and doctors. We focus on the two payment methods fee-for-service
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and capitation and analyze whether providers behave differently when ffs is introduced
first and cap second, as compared to when payment mechanisms are introduced in op-
posite order. To this end, we introduce a fully incentivized laboratory experiment and
implemented controlled ceteris paribus changes of the payment schemes. A further main
goal is to add external validity to experimental studies by having practicing doctors and
prospective physicians, i.e. medical students, participate in our experiment. Finally, we
analyze whether different cultural contextual settings matter for physicians’ provision be-
havior. We therefore conduct our experiment in China and compared the behavioral data
for medical students from China and Germany.

Our analysis shows that the incentives of the two payment systems affect medical service
provision in that participants provide more services under ffs than under cap, which is in
line with previous empirical and experimental studies. Over- and underprovision in the two
payment systems depend on patient type. These results hold true for doctors and medical
students alike. We find that the behavior of medical doctors and medical students differ,
however, in that doctors not only choose the patient optimal quantity less frequently in
both payment schemes but also provide lower benefit to patients than medical students.
This result is more apparent in the case of cap than for ffs.

Another main insight is that the sequence of payment schemes affects physician provision
behavior. We find that cap results in a higher provision of patient benefit when it is
experienced after ffs as compared to when it is experienced first. For ffs, we find no
evidence of a sequence effect.

Finally, we find that Chinese and German medical students behave similarly in providing
medical services and patient benefit as well as in choosing the patient-optimal treatment.
This suggests that the financial incentives of the payment systems in our experiment
work in a similar way independent of the cultural context in which our participants are
educated and operate. An implication of this finding is that results from health economic
laboratory experiments can provide broad knowledge on expected behavior under cultural
and institutional contexts that are different from where the actual experiment is conducted.

Our finding that Chinese doctors provide less patient-regarding treatment than Chinese
medical students seems to suggest that growing professional experience in treating pa-
tients may change physicians’ provision behavior after graduating and entering medical
practice—in our experiment to the detriment of patients. Intuitively, however, one might
expect additional experience to improve performance (Epstein et al. 2013). However, em-
pirical evidence on the subject is mixed. Reid et al. (2010) on the one hand do not find
any association between experience and performance (see also the literature cited therein).
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McAlister et al. (2015) found no negative association, and Epstein et al. (2013) observed
a positive relationship between physician experience and patient outcomes. On the other
hand, Choudhry et al. (2005) systematically review studies relating experience and age
to physician performance and find that 70 % of these studies demonstrate a negative as-
sociation between length of time in practice and patient outcomes as well as several other
measures of good physician performance. The authors conclude that physicians with more
experience may be at risk of providing lower-quality care (see also Pham et al. 2005, Wein-
berger et al. 2005, Streja and Rabkin 1999). Choudhry et al. (2005) recommend giving
special attention to those physicians who may need quality improvement interventions.

We also find that subject pools respond to financial incentives in a similar and consistent
way, and this is in line with Brosig-Koch et al. (2016)—the only published experimen-
tal study that analyzes both doctors’ and medical students’ reactions to different pay-
ment schemes (in Germany). However, different from our study, German doctors are more
patient-regarding on average in both payment systems by providing less (more) services
in ffs (cap) as compared to medical students. One explanation for this difference is sug-
gested by the aforementioned comment of Choudhry et al. (2005) on quality improvement
interventions. Furthermore, German physicians are required to take mandatory, annual ad-
vanced education and training courses, and the doctor sample of Brosig-Koch et al. (2016)
was recruited from such courses. This engagement may have made the German doctors
more aware of patients’ needs and thus less prone to the ‘curse of experience’ (Abbink
and Rockenbach, 2006)—i.e. the phenomenon that practitioners apply certain patterns of
behavior to the experimental situation that are adequate for their situation in professional
life but are not optimal for a contextually framed but still stylized experimental setup like
ours.

Our further main finding that the order in which payment schemes are introduced may
matter, is in line with a substantial part of the experimental literature reviewed in section
2. In our experiment, cap results in higher patient benefit when it is experienced after
ffs in FC than when it is experienced first in CF. No such evidence was found for ffs.
One might argue that a learning effect accounts for the difference found. This cannot be
excluded, as subjects get more familiar with the benefit parameters of the three patient
types. However, if learning were the main factor, there should be a similar effect in ffs.
This is not the case, however. Looking at the data, we observe that subjects seem to be
particularly hesitant to provide relatively low quantities for type 2 patients in CF when
they experience cap first, even though no tradeoff between own profit and patient benefit
exists in this situation. Lower quantity choices would not only have increased benefit for
B-patients but also the subject’s profit (see Figure 2 and Table A1 in Appendix A). This
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may point to the subjects being motivated by a perception that ‘more is better’ (see,
e.g., Anderson and Chalkidou, 2008) in their first encounter with a cap system. See, for
instance, Abbink and Rockenbach (2006) and Cooper et al. (1999) for similar findings for
German professional traders or Chinese managers, respectively (c.f. also Frechette, 2015).

The general advice of cautiousness when deriving policy implications from experimen-
tal results apply. However, our findings corroborate the findings from the field that ffs
payment encourages higher service volumes than cap and services volumes under ffs can
become higher than what is in the best interest of the patient. For cap-systems, the reverse
holds. Furthermore, our results suggest that the behavioral effects of policy interventions
such as payment system reform can be different depending on the status quo from which
a reform starts.
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Appendix A
A. Experimental parameters.

Table A1: Experimental parameters

Payment Var 0 1 2 3 4 5 6 7 8 9 10
I ffs RjA(q) 0.00 1.70 3.40 5.10 5.80 10.50 11.00 12.10 13.50 14.90 16.60

RjB(q) 0.00 1.00 2.40 3.50 8.00 8.40 9.40 16.00 18.00 20.00 22.50
RjC (q) 0.00 1.80 3.60 5.40 7.20 9.00 10.80 12.60 14.40 16.20 18.30
RjD(q) 0.00 2.00 4.00 6.00 8.00 8.00 15.00 16.90 18.90 21.30 23.60
RjE(q) 0.00 1.00 2.00 6.00 6.70 7.60 11.00 12.30 18.00 20.50 23.00

cap R(q) 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00
II ffs,cap c(q) 0.00 0.10 0.40 0.90 1.60 2.50 3.60 4.90 6.40 8.10 10.00
III ffs πjA(q) 0.00 1.60 3.00 4.20 4.20 8.00 7.40 7.20 7.10 6.80 6.60

πjB(q) 0.00 0.90 2.00 2.60 6.40 5.90 5.80 11.10 11.60 11.90 12.50
πjC(q) 0.00 1.70 3.20 4.50 5.60 6.50 7.20 7.70 8.00 8.10 8.30
πjD(q) 0.00 1.90 3.60 5.10 6.40 5.50 11.40 12.00 12.50 13.20 13.60
πjE(q) 0.00 0.90 1.60 5.10 5.10 5.10 7.40 7.40 11.60 12.40 13.00

cap π(q) 12.00 11.90 11.60 11.10 10.40 9.50 8.40 7.10 5.60 3.90 2.00
IV ffs,cap B1k(q) 0.00 0.75 1.50 2.00 7.00 10.00 9.50 9.00 8.50 8.00 7.50

B2k(q) 0.00 1.00 1.50 10.00 9.50 9.00 8.50 8.00 7.50 7.00 6.50
B3k(q) 0.00 0.75 2.20 4.05 6.00 7.75 9.00 9.45 8.80 6.75 3.00

Note: This table shows all experimental parameters. Rjk(q) denotes physicians’ payment for patient type j and illness k. Under
ffs, Rjk(q) varies with illnesses k and increases in q, whereas under cap, Rjk(q) remains constant. The costs for providing medical
services cjk(q) increase in q and are the same under all experimental conditions. The physicians’ profit πjk(q) is equal to
Rjk(q) – cjk(q). Bjk(q) denotes the patient benefit for the three patient types j = 1, 2, 3 held constant across conditions.

Appendix B
Table B1: P-values from Mann-Whitney U tests on differences between Chinese medical students and doctors in
providing patient benefit, B(q) and quantity, q
H0: q (B(q)) for patient j do not differ between Chinese medical students and doctors under payment system P.

Patient benefit, B(q) Service provision (q)
Patient ffs cap ffs cap
1A 0.0006*** 0.0146* 0.5781 0.9020
1B 0.1901 0.0018** 0.1282 0.3572
1C 0.5429 0.0028** 0.9716 0.4884
1D 0.2557 0.0022** 0.4986 0.4630
1E 0.3944 0.0026** 0.9209 0.4921
2A 0.3162 0.0001*** 0.9073 0.0047**
2B 0.8363 0.0006*** 0.7379 0.0056**
2C 0.2321 0.0056** 0.3470 0.0224*
2D 0.3149 0.0001*** 0.5549 0.0009***
2E 0.0712 0.0004*** 0.2765 0.0173*
3A 0.0024** 0.2647 0.1378 0.3730
3B 0.0152* 0.1696 0.0513* 0.3713
3C 0.0019** 0.0522 0.0168* 0.2028
3D 0.0011** 0.0030** 0.0024** 0.0552*
3E 0.2327 0.1447 0.0002*** 0.1106

Note: This table shows p-values from Mann-Whitney U tests (two-sided),pooled over both parts of the experiment (N=277). With
a Bonferroni correction, adusting significance level with a factor of 1/15 (i.e. p=0.0033), we no longer reject the hypothesis that a
difference exists in patient benefit for patient 3B under ffs, as well as patients 1A and 2C under cap. For quantity decisions significance
stays for patient 3D and 3E under ffs and for patient 2D under cap.
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Table B2: P-values from Mann-Whitney U tests on Impact of payment system sequence on providing patient benefit,
B(q) and quantity, q.
H0: q (B(q)) for patient j under payment system P is not affected by whether P was implemented first or second.

Patient benefit, B(q) Service provision (q)
Patient ffs cap ffs cap
1A 0.0542 0.0003*** 0.3488 0.0038**
1B 0.1655 0.0003*** 0.7282 0.0679*
1C 0.1470 <0.0001*** 0.2979 0.6513
1D 0.2749 0.1035 0.3693 0.7018
1E 0.3497 0.0004*** 0.5875 0.6282
2A 0.7358 <0.0001*** 0.9118 0.0985*
2B 0.3102 <0.0001*** 0.3079 <0.0001***
2C 0.7395 0.0001*** 0.9344 0.0030**
2D 0.0294* <0.0001*** 0.0164* 0.0113*
2E 0.4146 0.0009*** 0.2067 0.0189*
3A 0.2101 0.2664 0.2348 0.7891
3B 0.2420 0.2494 0.9379 0.7503
3C 0.8454 0.3660 0.7435 0.9744
3D 0.3128 0.2314 0.3128 0.9814
3E 0.3447 0.3341 0.1880 0.7582

Note: This table shows p-values from Mann-Whitney U tests (two-sided),pooled over both parts of the experiment (N=277). With
a Bonferroni correction, adusting significance level with a factor of 1/15 (i.e. p=0.0033), patient benefit for patient 2D under ffs
becomes insignificant. For quantity decisions significance stays for patients 2B and 2C under cap.

Table B3: P-values from Mann-Whitney U tests on differences between between German and Chinese medical
students in providing patient benefit, B(q) and quantity, q.
H0: q (B(q)) for patient j does not differ between German and Chinese medical students under payment system P .

Patient benefit, B(q) Service provision (q)
Patient ffs cap ffs cap
1A 0.0723 0.6697 0.8900 0.1297
1B 0.7292 0.4569 0.1817 0.5609
1C 0.4745 0.9134 0.5201 0.2318
1D 0.8477 0.4318 0.8981 0.4528
1E 0.1164 0.9242 0.0592 0.5289
2A 0.6086 0.9239 0.4817 0.6205
2B 0.5968 0.3330 0.4899 0.2389
2C 0.2896 0.0748 0.1691 0.0764
2D 0.2875 0.2835 0.2213 0.0414*
2E 0.2622 0.2264 0.1990 0.0891
3A 0.8754 0.5438 0.5748 0.9969
3B 0.7403 0.9418 0.4671 0.7383
3C 0.0968 0.7697 0.0554 0.9019
3D 0.2142 0.9598 0.2252 0.7067
3E 0.4281 0.2509 0.3043 0.0799

Note: With a Bonferroni correction, adusting significance level with a factor of 1/15 (i.e. p=0.0033), service provision for patient 2D
under cap becomes insignificant.
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Table B4: P-values from chi2 tests on differences between German and Chinese medical students in probability of
providing q = q∗ H0: The proportion of patient benefit-maximizing subjects for patient j does not differ between
German and Chinese medical students under payment system P .

Patient FFS CAP
1A 0.070* 1.000
1B 0.958 0.434
1C 0.683 0.620
1D 0.816 0.483
1E 0.472 1.000
2A 0.958 1.000
2B 0.600 0.284
2C 0.801 0.060*
2D 0.766 0.216
2E 0.785 0.182
3A 0.927 0.693
3B 0.801 0.835
3C 0.133 0.609
3D 0.194 1.000
3E 0.475 0.480

Note: With a Bonferroni correction, adusting significance level with a factor of 1/15 (i.e. p=0.0033), service provision for patient 1A
under ffs and 2C under cap become insignificant.

Table B5: Regressions results comparing behavioral results from Chinese doctors and medi-
cal students with German medical students.

Ordinal regression model Ordinal regression model Logistic regression model for the
dependent variable: q dependent variable: B(q) probability of choosing q = q∗

Regressors Odds Ratio 95% C.I. Odds Ratio 95% C.I. Odds Ratio 95% C.I.

ffs 11.66 8.25 16.48 0.73* 0.52 1.02 0.44*** 0.31 0.64
Doctor 0.98 0.65 1.48 0.62** 0.43 0.89 0.51*** 0.34 0.75
Germany 1.17 0.72 1.90 0.98 0.58 1.67 1.12 0.61 2.07
1B 3.26*** 2.53 4.20 0.16*** 0.10 0.26 0.15*** 0.10 0.24
1C 2.77*** 2.18 3.52 0.25*** 0.16 0.38 0.16*** 0.11 0.24
1D 3.83*** 3.01 4.87 0.24*** 0.15 0.38 0.13*** 0.09 0.21
1E 4.77*** 3.52 6.48 0.20*** 0.12 0.33 0.15*** 0.10 0.23
2A 0.29*** 0.22 0.38 0.25*** 0.15 0.42 0.15*** 0.10 0.24
2B 0.80 0.56 1.16 0.24*** 0.13 0.42 0.15*** 0.09 0.24
2C 0.52*** 0.36 0.75 0.31*** 0.17 0.54 0.26*** 0.16 0.40
2D 0.86 0.58 1.27 0.20*** 0.11 0.37 0.20*** 0.13 0.32
2E 0.68 0.42 1.10 0.33*** 0.18 0.63 0.41*** 0.26 0.63
3A 5.76*** 4.36 7.62 0.05*** 0.03 0.08 0.10*** 0.07 0.15
3B 8.22*** 6.21 10.87 0.06*** 0.04 0.10 0.23*** 0.16 0.33
3C 9.62*** 7.29 12.70 0.06*** 0.04 0.10 0.18*** 0.12 0.25
3D 10.19*** 7.69 13.49 0.06*** 0.04 0.10 0.22*** 0.15 0.32
3E 12.58*** 9.14 17.32 0.05*** 0.03 0.08 0.07*** 0.05 0.11
Log pseudolikelihood -7862.3 -10087 -2689.1
#obs 4785
# individuals 319
#obs per individual 15

Estimates with ***(**)[*] indicate that the odds ratio is significantly different from 1 at the 0.1 % (1 %) [5 %] level in a two-tailed
test.
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Appendix C
C1: Instructions of the experiment

[Numbers/text in brackets refer to the conditions where doctors participate.]

{Sentences/decision screens in braces are inserted into the instructions either in condition ffs or in condition
cap.}

Instructions Part 1
General Information
In the following experiment, you will make a couple of decisions. Following the instructions and depending on your
decisions, you can earn money. It is therefore very important that you read the instructions carefully.

You take your decisions anonymously on your computer screen. During the experiment, you are not allowed to
talk to any other participant. Whenever you have a question, please raise your hand. The experimenter will answer
your question in private in your cubicle. If you disregard these rules, you can be excluded from the experiment
without receiving any payment. All amounts of money in the experiment are stated in Token. At the end of the
experiment, your earnings will be converted into RMB at an exchange rate of 10 Token = 1 [6] RMB and paid to
you in cash.

The experiment consists of two parts. We we will inform you now on the decision situation in Part 1. We will
provide you with the instructions for Part 2 as soon as Part 1 has ended. Please note that your decisions in Part 1
have no influence on your decisions in Part 2 and vice versa.

Your decisions in Part 1 of the experiment
During the experiment, you are in the role of a physician. You have to make 15 decisions regarding the treatment of
patients. All participants of this experiment take their decisions in the role of physicians. You decide on the quantity
of medical services you want to provide for given clinical symptoms of a patient.

You decide on your computer screen where five different kinds of clinical symptoms – A, B, C, D, and E – of
three different patient types – 1, 2, and 3 – will be shown one after another. For each patient you can provide 0, 1,
2, 3, 4, 5, 6, 7, 8, 9, or 10 medical services.

Your remuneration is as follows:

Condition CAP: For each patient you receive a lump-sum payment that is independent of the quantity of medical
services.

Condition FFS: A different payment is assigned to each quantity of medical services. The payment increases in the
quantity of medical services.

While deciding on the quantity of medical services, in addition to your payment you determine the costs you
incur when providing these services. Costs increase with increasing quantity provided. Your profit in Token is cal-
culated by subtracting your costs from your payment.

A certain benefit for the patient is assigned to each quantity of medical services, the patient benefit that the
patient gains from your provision of services (treatment). Therefore, your decision on the quantity of medical services
not only determines your own profit, but also the patient benefit. An example for a decision situation is given on
the following screen.
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{Decision screen for patient 1C under ffs}
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{Decision screen for patient 1C under cap}

You decide on the quantity of medical services on your computer screen by typing an integer between 0 and 10 into
the box labeled ”Your Decision”.

After all participants have taken their decisions for the respective patient you will proceed to the next patient.
There are no real, but abstract patients participating in this experiment. Yet, the patient benefit, which an abs-
tract patient receives by your providing medical services, will be beneficial for a real patient. The total amount of
patient benefit determined by your 15 decisions will be provided to a patient with cancer treated in Shandong Qilu
Hospital [Shandong Provincial Cancer Hospital]. The money will be directly transferred to the patient’s account in
the hospital, to help him/her with part of the treatment fee.

Each time you make a decision on the quantity of medical services you will be informed on your profit and the
patient benefit. After you have made your 15 decisions in Part 1 of the experiment you will get to know your total
profit and the corresponding total patient benefit.

Earnings in Part 1 of the experiment
After you have made your decisions in Part 1 of the experiment, your overall earnings will be calculated by

summing up your profits from providing medical services to the 15 patients. This amount will be converted from
Token into RMB. Your earnings of Part 1 of the experiment together with the earnings of Part 2 will be paid to
you in cash at the end of the experiment (rounded to 1 Yuan).

The patient benefit gained by all 15 patients will be converted into RMB at the end of the experiment, too,
and will be transferred to the real patient’s account. To this end the experimenter and a monitor will go together
to Shandong Qilu Hospital [Shandong Provincial Cancer Hospital]. After the transfer, the signed receipt will be
scanned into electronic form and will be sent to all the participants via e-mail in order to ensure the authenticity of
the above process. Personal information will be blinded black to respect the patient’s privacy.

After the end of Part 2 of the experiment, one participant is randomly assigned the role of the monitor. The
monitor receives a payment of 50 [200] RMB in addition to the payment from the experiment. In the end, the
monitor signs a form to verify that the procedure described above was actually carried out. This form will be sent
to all participants together with the receipt via e-mail.

Next, please answer some questions familiarizing you with the decision situation. After your 15 decisions, please
answer some further questions on your screen.

Instructions Part 2
The experiment will now be repeated including one change. Like in Part 1 you will make 15 decisions. After these
15 decisions the experiment will end.

The General Information from Part 1 also applies for Part 2 of the experiment.
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Your decisions in Part 2 of the experiment
Also in Part 2 of the experiment, you are in the role of a physician and you have to make 15 decisions regarding the
treatment of patients. All participants take their decisions in the role of physicians. You decide on the quantity of
medical services you want to provide for given clinical symptoms of a patient.

Like in Part 1 you decide on your computer screen where five different kinds of clinical symptoms A, B, C, D,
and E of three different patient types (1, 2, and 3) will be shown one after another. For each patient you can provide
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 medical services.

Your remuneration is as follows:
{Condition CAP: For each patient you receive a lump-sum payment that is independent of the quantity of medical
services.}
{Condition FFS: A different payment is assigned to each quantity of medical services. The payment increases in the
quantity of medical services.}

As in Part 1, while deciding on the quantity of medical services, in addition to your payment you determine
the costs you incur when providing these services. Costs increase with increasing quantity provided. Your profit in
Token is calculated by subtracting your costs from your payment.

A certain benefit for the patient is assigned to each quantity of medical services, the patient benefit that the
patient gains from your provision of services (treatment). Therefore, your decision on the quantity of medical services
not only determines your own profit, but also the patient benefit. An example for a decision situation is given on
the following screen.

{Decision screen for patient 1C under ffs}

{Decision screen for patient 1C under cap}
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You decide on the quantity of medical services on your computer screen by typing an integer between 0 and 10
into the box labeled ”Your Decision”.

After all participants have taken their decisions for the respective patient you will proceed to the next patient.

Also in this part of the experiment there are no real, but abstract patients participating in this experiment. Yet,
the patient benefit, which an abstract patient receives by your providing medical services, will be beneficial for a
real patient. Also in the second part of the experiment the total amount of patient benefit determined by your 15
decisions will be provided to a patient with cancer treated in Shandong Qilu Hospital [Shandong Provincial Cancer
Hospital]. The money will be directly transferred to the patient’s account in the hospital, to help him/her with part
of the treatment fee.

Each time you made a decision on the quantity of medical services you will be informed on your profit and the
patient benefit. After you have made your 15 decisions in Part 2 of the experiment you will get to know your total
profit and the corresponding total patient benefit.

Earnings in Part 2 of the experiment
After you have made your decisions in Part 2 of the experiment, your overall earnings will be calculated by summing
up your profits from providing medical services to the 15 patients. This amount will be converted from Token into
RMB at the end of the experiment and will be paid to you in cash together with the earnings of Part 1 of the
experiment (rounded to 1 Yuan).

The patient benefit gained by all 15 patients will be converted into RMB at the end of the experiment, too,
and will be transferred to the real patient’s account. To this end the experimenter and a monitor will go together
to Shandong Qilu Hospital [Shandong Provincial Cancer Hospital]. After the transfer, the signed receipt will be
scanned into electronic form and will be sent to all the participants via e-mail in order to ensure the authenticity
of the above process. Personal information will be blinded black to respect the patient’s privacy. Information about
the procedure has been given in Part 1 of the experiment.

Next, please answer some questions in this part of the experiment that will familiarize you with the present
decision situation. After your 15 decisions, please answer some further questions on your screen.
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C2: Test questions prior to the experiment
The following example applies to ffs condition. For cap condition, screens 3 to 5 are similar to Figure D1b in
Appendix D.

Screen 1

Please read the instructions carefully. If you have a question, please raise your hand. The experimenter will come
to you and answer your question. Have you understood the instructions?

Screen 2

To familiarize you with the decision situation we first ask you to answer 3 questions. We will inform you when the
actual experiment starts.
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Screen 3 [4, 5]

Assume a physician wants to provide the quantity of 0 [10, 4] medical services for the patient above.
1 [2, 3] a) What is the remuneration?
1 [2, 3] b) What are the costs?
1 [2, 3] c) What is the profit?
1 [2, 3] d) What is the patient benefit?

Screen 6 The test questions are now completed. When you click on the button the experiment will start!
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C3: Questionnaires after Part 1 and Part 2 of the experiment.

[Information in brackets was requested from doctors only.]

{{Numbers/text in double braces refer to Part 2 of the experiment.}}

Please confirm your terminal number on your questionnaire. After you have made all decisions in Part 1 {{2}} of
the experiment we would like to ask you to answer the following questions as good as possible. These answers are
extremely important for our studies. Thank you for your cooperation.

Please put yourself back into the decision situation of Part 1 {{2}} of the experiment.

- What factors did influence your decision? Why did you decide in this way?

- How did the profit influence your decision?

- How did the patient benefit influence your decision?

- {{Major (faculty / main subject(s)):}}

- {{What is the number of your semester?}}

- {{Your gender: female/male}}

- {{Your nationality: (students only)}}

- {{[Your age]:}}

- {{[How many years of professional experience do you have?]}}

- {{[Your specification

- General Practitioner

- Traditional Chinese Medicine

- Public Health

- Other]}}
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D. Chinese decision screens.

Figure D1a. Illustration of the decision screen for patient 1C under cap

Figure D1b. Illustration of the decision screen for patient 1C under ffs
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