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Who benefits from quality competition in health care? A
theory and a laboratory experiment on the relevance of patient
characteristics

Jeannette Brosig-Koch'! | Burkhard Hehenkamp? | Johanna Kokot®

'0tto von Guericke University Magdeburg

and Health Economics Research Center Abstract

(CINCH) Essen, Magdeburg, Germany We study how competition between physicians affects the provision of medical care.
*University of Paderborn, Paderborn, In our theoretical model, physicians are faced with a heterogeneous patient popu-
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lation, in which patients systematically vary with regard to both their responsive-
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for Health Economics (HCHE), Hambure, ness to the provided quality of care and their state of health. We test the behavioral
Germany predictions derived from this model in a controlled laboratory experiment. In line
with the model, we observe that competition significantly improves patient benefits
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of a low quantity of medical services. With repetition, both, the positive effects of
competition for active patients as well as the negative effects of competition for
passive patients become more pronounced. Our results imply that competition can
not only improve but also worsen patient outcome and that patients' responsiveness

to quality is decisive.
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physician competition
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1 | INTRODUCTION

Over the last decade, an increasing number of countries (e.g., UK, Netherlands, Norway, France) have expanded the scope
for patient choice and competition amongst GPs to strengthen the role of market mechanisms and to improve quality (Brekke
et al., 2014; Siciliani et al., 2017). Economic theory predicts that competition between providers can generally be beneficial
to quality when prices are regulated and the price is above the marginal cost (Gaynor & Vogt, 2003). If prices are regulated,
as in most European countries, providers compete on the quality dimension. Accordingly, the more sensitive the demand side
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responds to quality differences, the stronger the positive effects of competition. However, competition often does not work
because patients do not respond sufficiently to differences in quality.!

In this study, we develop a theoretical model to investigate how competing physicians respond to a heterogeneous patient
population, in which patients vary by their responsiveness to the quality of medical treatment and their state of health. We then
test the behavioral predictions derived from this model in a controlled laboratory experiment. Regarding patient responsiveness,
we differentiate between two extreme patient types. Passive patients are not able to choose their physician and, consequently,
are always treated by the same physician. This patient type does not only represent those, who are immobile or have no infor-
mation about the quality provided, but also typifies those patients, who are not interested in choosing a physician (see, e.g.,
Harris, 2003; Schwartz et al., 2005). Active patients are mobile and fully informed and choose the physician offering the high-
est quality of medical care. This patient type covers not only situations where a patient chooses a physician largely based on
observable quality dimensions (e.g., Dranove & Jin, 2010), but also situations where the patient is informed by an expert (e.g.,
Beukers et al., 2014; Brekke et al., 2007). Besides the heterogeneity in responsiveness, patients in our set-up vary regarding
their state of health. Again, we differentiate between two extreme patient types—patients, who are in need of a low number of
medical services, and patients who are in need of a high number of medical services.

In our setup, physicians are paid by a fee for each service provided. Fee-for-service is implemented in many countries
because it provides a direct financial incentive for physicians to provide health care services. However, a fee-for-service
system could incentivize physicians to provide harmful and unnecessary medical treatment.> We abstract away from budgetary
constraints that might restrict the physician in the number of patients treated or in the number of services provided per patient,
as our focus is on potentially discriminating effects due to the heterogeneity of patient types.

Using an experimental approach to study physician competition offers several advantages. The most important advantage
is that it allows implementing ceteris paribus changes of parameters. In our experiment, we can exogeneously vary the number
of competitors from no competition to competition, the composition of the patient population, and the patients' responsiveness
to quality changes. This allows identifying causal effects and, thus, directly testing the predictions of our theoretical model. By
appropriately defining the set-up, we can not only avoid endogeneity problems that often restrain analyses based on field data
but also have full knowledge about the patients' health status, their responsiveness to the quality of care, physicians' monetary
incentives, as well as the optimal medical treatment for each patient. Of course, implementing ceteris paribus conditions in an
experiment necessarily implies abstracting from other real-world complexities. But our results help to understand the behav-
ioral effects of competition and contribute to the debate of whether quality competition among providers should be encouraged
given that patients vary in their responsiveness to the quality of medical treatment.

The results of our study provide some support for the view that competition may have positive effects on the quality of medi-
cal care, but it does so for active patients only. In contrast to the theoretical prediction, physician competition can even worsen
the health outcomes of passive patients compared to a monopoly set-up. The observed effects are also sensitive to the patients'
state of health: health outcomes are particularly bad for passive patients with a low severity of illness.

The remainder of the paper is organized as follows. Section 2 embeds our study in the literature. Sections 3 and 4 present
the experimental setup and the theoretical predictions, respectively. Section 5 summarizes our results, and Section 6 concludes.

2 | RELATED LITERATURE

Our paper is related to two streams of literature. First, we add to the literature on physician payment incentives. Second, we
contribute to the literature that investigates physician competition.

In health economics, an extensive literature has investigated how physician incentive schemes like capitation and
fee-for-service payment lead to deviations from patient-optimal treatment (e.g., Ellis, 1998; Ellis & McGuire, 1986, 1990;
Iversen & Lurés, 2012). Theoretical and empirical evidence on the relationship between physician remuneration and quality
of medical care suggests that capitation entails an incentive for underprovision, while fee-for-service can induce overprovision
(see, e.g., Ding & Liu, 2021; Ellis & McGuire, 1986; Gaynor & Gertler, 1995; Gosden et al., 2000; Gravelle & Masiero, 2000;
Patcharanarumol et al., 2018). Experimental research provides similar evidence (e.g., Brosig-Koch et al., 2016, Brosig-Koch,
Hennig-Schmidt, et al., 2017; Brosig-Koch, Kairies-Schwarz, et al., 2017; Di Guida et al., 2019; Green, 2014; Hennig-Schmidt
etal., 2011; Lagarde & Blaauw, 2017; Martinsson & Persson, 2019; Reif et al., 2020).

While physician payment schemes and their consequences for medical treatment decisions are well studied, other factors
might also be decisive for the quality of medical care a patient receives. One widely discussed factor is the introduction
of competition between physicians. Yet, we know very little about how the level of competition between physicians affects
the quality of healthcare (Gaynor & Town, 2011). The existing theoretical literature mostly admits that competition between
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physicians can reduce the distortions occurring under traditional incentive schemes under certain conditions (e.g., Allard
et al., 2009; Brekke et al., 2014; Gaynor & Town, 2011; Gravelle & Masiero, 2000; Karlsson, 2007).

A large and growing body of literature has investigated the effects of competition on quality for hospitals (e.g., Bloom
etal.,2015; Brekke et al., 2021; Cooper et al., 2011; Moscelli et al., 2018). For (local) physician markets, field evidence is scarce
and rather mixed, however (Gaynor & Vogt, 2003). On the one side, empirical studies indicate that competition in primary care
appears to have a positive impact on for example, patient satisfaction (Dietrichson et al., 2020; Gravelle et al., 2019), the number
of diagnoses (Dackehag & Ellegard, 2019), the number of referrals (Godager et al., 2015; Iversen & Ma, 2011), the type of
health care services provided (Dunn & Shapiro, 2018), the number of health outcomes (Koch et al., 2018), and the number of
sick leave certificates (Brekke et al., 2019). On the other side, there are field studies finding no or negative effects on quality
indicators, like the length of consultation (Gravelle et al., 2016; Johar et al., 2014). In contrast to field studies, our controlled
experimental design allows us to directly measure the benefit a patient receives from a given number of medical services and
thus provides information about the effect of competition on the quality of care.

The mixed field evidence on the effect of competition might be due to the fact that competition between physicians can be
successful only if patients can respond to quality differences. This does not need to be the case, however. One potential reason
is that patients have not enough information about the quality of medical treatment (see e.g., Brook & Kosecoff, 1988; Ginsburg
& Hammons, 1988).* Another reason for the limited responsiveness of patients to quality changes could be the restricted mobil-
ity of patients (e.g., due to physical restrictions or due to caring responsibilities). In line with this, travel distance has been found
to be a major determinant of patients' choice of a hospital (e.g., Capps et al., 2003; Gaynor & Vogt, 2003; Ho, 2006, 2009) or
of a GP (e.g., Lagarde et al., 2015; Santos et al., 2017). There is very limited evidence focusing directly on the heterogeneous
effects of competition. Scott et al. (2022) reveal heterogeneous effects of competition on the provision of low-value health care
by GPs. Although the authors find no impact of competition on antibiotic prescribing, they do find an impact on the number
of imaging procedures for back pain or uncomplicated acute bronchitis. To the best of our knowledge, no previous study has
explored how physician competition affects the quality of care for heterogeneous patient populations in which patients system-
atically differ with respect to their state of health and their responsiveness to the quality of care.

Finally, our paper is related to the experimental literature on provider competition. Huck et al. (2016) analyze the effects
of medical insurance and physician competition in a credence goods market. They find that competition partially offsets the
intensity of overprovision occurring under medical insurance. Similarly, Brosig-Koch, Hehenkamp, et al. (2017) report that
the distortionary impact of payment schemes such as capitation and fee-for-service can be reduced when physicians compete
over the treatment of patients. In contrast to our study, they focus on medical service provision, which applies to all patients
treated by a physician (like an investment in medical equipment as new technologies or in the development of new skills) and
on patient populations, which are homogeneous in the state of health. Conducting a field experiment, Gottschalk et al. (2020)
find that competition intensity measured by dentist density has no significant influence on overtreatment recommendations.
Byambadalai et al. (2021) conduct laboratory experiments in a within-subjects design, where participants simultaneously
choose qualities in monopoly, duopoly, and quadropoly. They show that altruistic behavior can be diminished by competition.
In contrast to our design, their design is based on a Bayesian model and the competitor must form beliefs about the quality of
the other physician. In our experiment, we keep this parameter constant. Ge and Godager (2021) also experimentally investigate
the effects of monopoly, duopoly, and quadropoly. They find a positive effect of competition and show that more competition
reduces the degree of randomness in behavior. Other experimental studies do not explicitly focus on the effects of physician
competition as such, but examine individual elements in health care markets. For example, for credence goods markets, Angerer
et al. (2021b) and Angerer, Glitzle-Riitzler, et al. (2021) look at the impact of monitoring and feedback platforms on market
efficiency, and Greiner et al. (2017) focuses on the effects of separation of diagnosis and treatment. Han et al. (2017) investigate
the quality provision behavior of competing hospitals before and after hospital mergers.

3 | EXPERIMENTAL SET-UP
3.1 | Design

In our laboratory experiment, subjects face a medically framed decision situation.’ This situation captures main features and
incentives characterizing physician medical service provision in the field but abstracts away from its complexity. Using such a
controlled decision environment has the advantage that we are able to identify and test causal relationships, which are implied
by our theoretical framework, but which are difficult to detect in the field. We implement two different types of conditions in
our experiment—four conditions with competition (with 41 statistically independent observations) and two conditions without
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competition (with 45 statistically independent observations).® The observations made in the latter two conditions mainly serve
as a reference for the four conditions with competition. We use a between-subject design, that is, subjects participate in exactly
one condition. In all conditions, subjects decide in the role of a physician in each of a total of 20 rounds.

In the conditions with competition, subjects are randomly and anonymously matched in pairs, which remain fixed over the
20 rounds. This repeated game allows for behavior converging to the equilibrium prediction.” Each pair of subjects faces a
patient population consisting of four patients. Patients differ in their responsiveness to the quality of medical treatment. Here,
we assume the extreme form of two very opposite types of patients (active vs. passive patients).® Two of the four patients in
the population are passive and are always treated by the same subject. With this type of patient, we characterize an uninformed
patient who is unable or unwilling to obtain information about the quality of treatment. Another interpretation of this type
would be that these patients exhibit a certain degree of inertia and are unable or unwilling to switch physicians even if the
quality of treatment is poor. For example, chronically ill patients would probably belong to this group. The other two patients in
the population are active. We assume that active patients are mobile and fully informed. With this characterization, we address
an extreme form of those patients who actively inform themselves about a physician. An active patient is treated by the subject
who provides the highest quality of medical treatment, that is, the highest patient benefit for him or her. As a result, each of
the two subjects treats one passive patient and, depending on the quality of care provided for the two active patients, also treats
zero, one, or two active patients.’

In each round, each of the two subjects i in each pair simultaneously decides on the quantity of medical services, g; € Q :=
{0, 1,...,10} for each of the three patients (one passive and two active patients). For any patient, a subject's quantity choice g,
has three effects: First, it determines the health benefit of the patient, B(g,), and, thus, the quality of care for this patient if he
or she is treated by i. Second, it determines the subject's profit earned from this patient, z(g,), if he or she is treated by i. Third,
together with the other subject's quantity choice, it affects which of the two subjects treats the patient, given that this patient is
an active patient. Accordingly, depending on the quantity choices made by the two subjects, a physician treats at least one and
at most three patients. In case both subjects provide an identical patient benefit, active patients split up evenly.

To identify the effect of competition, we also employ two conditions without competition. In these conditions, each subject
independently chooses a quantity of medical services, g, € Q := {0, 1,...,10} for one passive patient in each of the 20 rounds.
In the conditions without competition, the subject's quantity choice g, for the passive patient has only two effects: First, it
determines the health benefit of the patient, B(g,), and, second, it determines the subject's profit earned from this patient, 7(g,).

A subject's profit per patient 7(g,), the patient benefit per low severity patient BX(g) and the benefit per high severity patient
B"(q) are the same in all experimental conditions and are described in detail below. All parameters of the experiment, z(g,),
BX(q), and B¥(q) are common knowledge to subjects in all conditions.

3.1.1 | Physician profit

In all conditions, a physician receives a fee-for-service remuneration R(q) = 2¢ and incurs a cost ¢(g) = 0.1¢? for each patient
treated.'® Accordingly, a physician's profit per treated patient is z(g) = 2g — 0.1g%.'' Figure 1 depicts the profit per treated
patient as a function of the quantity of medical services g € Q. A physician's total profit is given by the sum of profits over all
patients treated.

Per-Patient Profit
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3.1.2 | Patient benefit

With regard to patient benefit, we consider two types z of patients: patients with a high severity of illness (z = H) require a
high quantity of medical services, while patients with a low severity of illness (zr = L) require a low quantity. We assume all
patient types to be fully insured.'? For both patient types, a certain quantity of medical services g results in a patient benefit,
B*(g) = 10 — Ig* — ¢ql, where g* denotes the patient-optimal quantity of medical services. For patients with high severity of
illness, we set g’ = 7; for patients with low severity, we set g~ = 3. Notice that the patient benefit function B*(g) is concave, has
a unique global maximum, and is mirror-symmetric at this maximum (see Figure 2).

Maximum patient benefit at g = g° equals 10 for both patient types, that is, B’(¢") = 10 for = = H, L. In addition, the patient
benefit is symmetric across treatments, that is, we have BX(q) = BA(10 — g) for all g € Q. The patient-optimal quantity of treat-
ment g serves as a benchmark for identifying the extent of overprovision experienced by the patients. Figure 2 displays patient
benefit B*(q) as a function of the quantity provided g € Q for the two patient types = H and 7 = L."?

The patient benefit B’(g) is given in monetary terms. Even though no subject takes the role of a patient, real patients outside
the lab benefit from the subjects' treatment decisions: subjects are informed that the monetary equivalent of the total patient
benefit resulting from their decisions is transferred to an organization which has an impact for real patients. Similar mecha-
nisms have been employed in numerous experiments analyzing physician behavior (e.g., Attema et al., 2023; Brosig-Koch
et al., 2016; Brosig-Koch, Hennig-Schmidt, et al., 2017; Brosig-Koch et al., 2019; Byambadalai et al., 2021; Di Guida
et al., 2019; Hennig-Schmidt et al., 2011; Kesternich et al., 2015; Lagarde & Blaauw, 2017; Martinsson & Persson, 2019;
Oxholm et al., 2019, 2021; Wang et al., 2020).!* The monetary health benefit was transferred to Christoffel Blindenmis-
sion, which uses the money exclusively for surgical treatment of patients with eye cataract (for details of the procedure, see
Section 3.2). In this way, subjects' decisions affect real patients' health. Given that cataract surgery is a necessary but relatively
cheap medical treatment, we come close to a linear relationship between the patient's health benefit provided in the experiment
and the number of real patients who benefit from surgery.

3.1.3 | Experimental conditions

The four conditions with competition vary with respect to the distribution of patients' state of health in the population.
Figure 3 illustrates the market structure in each condition with competition. Active patients are shown in the overlapping
area. Two conditions focus on populations that are homogeneous with respect to the patients' state of health (HomLow and
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FIGURE 3 Market structure in experimental conditions with competition. Each circle includes the patients potentially treated by a physician.
The overlapping area contains the active patients. L = low-severity patients, H = high-severity patients.
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TABLE 1 Overview of experimental conditions.

# Patients per participant and round

#

Condition Low severity High severity Participants
No competition LowNC 1 - 22

HighNC - 1 23
Competition (Homogeneous) HomLow 1 passive; 0, 1, or 2 active - 20

HomHigh - 1 passive; 0, 1, or 2 active 22
Competition (Heterogeneous) MixedPassive 0 or 1 passive; 0, 1, or 2 active 0 or 1 passive 20

MixedActive 1 passive; O or 1 active 0 or 1 active 20

HomHigh). In condition HomLow all active and passive patients have a low severity of illness. In condition HomHigh all
active and passive patients have a high severity of illness. The other two conditions with competition consider populations,
which are heterogeneous with regard to patients' state of health (MixedPassive and MixedActive). In condition MixedPas-
sive one of the two passive patients has a low severity of illness, and the other has a high severity of illness. The two active
patients have a low severity of illness in this condition. In condition MixedActive one of the two active patients has a low
severity of illness, and the other has a high severity of illness. The two passive patients have a low severity of illness in this
condition.

The two conditions without competition vary with respect to the state of health of the single patient. In condition LowNC
subjects are faced with low-severity patients. In condition HighNC subjects are faced with high severity patients.!> Table 1
provides an overview of all conditions and reports the possible number of patients per subject and round as well as the number
of subjects participating in each of the six conditions.

3.2 | Experimental protocol

The experiment was programmed with z-Tree (Fischbacher, 2007) and conducted in the Essen Laboratory for Experimental
Economics (elfe) at the University of Duisburg-Essen, Germany. 127 participants were recruited by means of the online
recruiting system ORSEE (Greiner, 2015) and randomly assigned to conditions. We invited students from various fields of
study, though we were not able to recruit medical students for the experiment. As Brosig-Koch et al. (2016), Brosig-Koch,
Hennig-Schmidt, et al. (2017), and Brosig-Koch et al. (2019) did not find qualitative differences between treatment decisions
made by real physicians, treatment decisions made by medical students, and treatment decisions made by students from other
fields, we also expect no such differences between medical students and students in our subject pool. Looking at our sample
in more detail further supports our expectations. We identify three main fields of study that differ in their formal level of
abstraction: humanities (32.3% of subjects), economics (50.4%), and STEM (17.3%). STEM stands for science, technology,
engineering, and mathematics. For all three main fields of study, we observe a qualitatively similar behavioral pattern (see
Figure C1 on the development of patient benefits over time in Appendix C).'¢ Considering medicine as a field of study that
lies in between STEM and the humanities in terms of the formal level of abstraction (in that it is a more applied and practical
field that relies strongly on the natural sciences, but also has a strong human-centered component), one might even expect
decisions by medical students to be between STEM and humanities.!” Of the 127 participants, 51 were male and 76 were
female.

Upon arrival in the lab, all subjects were randomly assigned to cubicles. After handing out the instructions, subjects were
given time to read and understand them. To ensure that subjects understood the setup correctly, they were asked to answer
a set of comprehension questions (instructions and comprehension questions are included in Appendix A). All clarification
questions were answered in private. No communication between subjects was allowed during the entire experiment. Neither
could subjects reveal their identity to each other. In the four conditions with competition, subjects were matched into pairs at
the beginning of each session, generating 10 resp. 11 independent observations per condition. The pairs remained fixed over
all 20 rounds. In the two conditions without competition, subjects did not interact and, thus, were not matched, generating 22
resp. 23 independent observations per condition. Subjects were provided with full information about their own behavior and the
behavior of the other subject after each round in the form of a history table. That table summarized the following information
for the actual and past rounds: the chosen quantity of medical services for the passive and each active patient (and, in competi-
tion conditions, these decisions of the other subject as well), the number of patients actually treated by each of the two subjects
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in a pair, the benefit of the patients treated, and the total profit per round. Subjects were also provided with a calculator and
note paper and pen.

Physician profits and patient benefits were displayed in the experimental currency unit 7aler. At the end of the experiment,
the total physician profits and patient benefits of all 20 rounds were summed up and exchanged to Euro at 100 Taler = 6 Euro
(with competition) resp. 8 Euro (without competition). Exchange rates were calculated to keep the monetary incentives per hour
roughly the same across conditions. The conditions without competition lasted on average 60 min, the conditions with competi-
tion lasted on average 90 min (including a short questionnaire and payment procedures). Subjects earned on average Euro 17.88,
and the total patient benefit amounted to Euro 2737. The patient benefit was transferred to the Christoffel Blindenmission that
used the money exclusively to support surgical treatments of cataract patients in a hospital in Masvingo (Zimbabwe) staffed by
ophthalmologists from the charity. With an eye cataract surgery costing approximately Euro 30.00 per patient, more than 90
real patients could be treated.

To ensure a credible transfer of money, we randomly selected a subject after the experiment to monitor the transfer proce-
dure. This subject had to verify that a correct transfer order was sent to the university's financial department. The monitor and
the experimenter deposited the correct order in a sealed envelope, walked together to the nearest mailbox, and inserted the
envelope to the mailbox. The monitor was paid an additional Euro 5.!8

4 | THEORETICAL PREDICTIONS

Deriving the predictions for our experimental design, we start with investigating the decision problem without physician
competition. Subsequently, we address the case of competition.

4.1 | Absence of competition

To allow for physician altruism, let
Ut (g;2) = (1 — )7(q) + aB*(q) (D

denote the utility of a physician, who exhibits a degree of altruism a € [0, 1], chooses a quantity of medical services g € Q = {0,
1, ..., 10}, and treats a patient of type 7 = L, H.'° Accordingly, an altruistic physician maximizes a weighted average of profit
7(q) and patient benefit B’(g). Let g*(a) denote a corresponding utility-maximizing quantity of medical services. In the absence
of competition each physician's number of patients is exogenously given. Therefore, a profit-maximizing physician (a = 0)
chooses ¢°(0) = 10, independently of the patient's type = = H, L. In contrast, a purely altruistic physician (a = 1) implements the
patient-optimal quantity g*(1) = g7, that is, she picks g“(1) = 3 for a patient of type L and ¢"(1) = 7 for a patient of type H. For
intermediate levels of altruism, a € (0, 1), a trade-off arises between choosing the profit-maximizing and the patient-optimal
quantity and the physician chooses g*(@) € {¢", ..., 10}. Because of ¢- < ¢*, the trade-off is more pronounced for patients of
type L. Correspondingly, the set of treatment decisions compatible with an altruistic physician maximizing a weighted average
of profit and patient benefit is larger for type L patients than for type H patients. Moreover, observe that an altruistic physician
provides a (weakly) higher quantity of medical services to patients of high severity, that is, g“(a) < g"(a), for a given level of
altruism a > 0. In particular, a physician with a level of altruism a € (0, 1] implements the patient-optimal level of treatment
for a sufficiently large.?°

Part (a) of Proposition 1 below summarizes the utility-maximizing treatment decisions of physicians differing in their
degree of altruism. In part (b), we state the implications for patient benefit.

Proposition 1. (a) Leta € [0, 1] and t € L, H be arbitrary. We have g*(a) = 10 for a = 0, g(a) = q" for a = 1, and q*(a) € {q",
ey 10} for a € (0, 1).

(b) Let T € L, H. (i) We have B*(q"(a)) < B'(q") = 10, for all a € [0, 1], where the inequality holds strictly for low degrees of
altruism (viz. for a < 1/3 if t = H and for a < 13/23 if t = L). (ii) We have B*(q"(a)) > B*(10), for all a € [0, 1], with strict
inequality for sufficiently large degrees of altruism (viz. for a > 1/11). (iii) Finally, we have B*(q"(a)) < B(q"(a)), for all
a € [0, 1], with strict inequality for low degrees of altruism (viz. for a < 13/23).

Proof: See Appendix B.
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Accordingly, Proposition 1 implies the following set of hypotheses that apply in the absence of competition. Firstly,
patient benefit in the experiment resulting from medical service provision is weakly lower than that from patient-optimal
treatment, B’(g%) = 10. Second, patient benefit in the experiment weakly exceeds that from profit-maximizing treatment,
B*(g*(0)) = B*(10). Thirdly, comparing patient benefit in the experiment across states of health, the benefit is weakly
higher for high-severity patients than for low-severity patients. Given that a pool of subjects usually shows a substantial
heterogeneity in the subjects' degree of altruism (e.g., Attema et al., 2023; Brosig-Koch, Hennig-Schmidt, et al., 2017;
Godager & Wiesen, 2013; Li et al., 2017, 2022), all these inequalities should hold strictly, once averages across subjects
are considered.

4.2 | Competition

In the experimental conditions with competition, a physician's total profit equals the sum of profits earned from all of his
patients treated. Since physicians choose a quantity of medical services for each patient separately, we can examine each of the
corresponding decision problems separately.?!' Like in Varian (1980) and Gu and Hehenkamp (2014), we distinguish two polar
cases of responsiveness. Passive patients always consult the same physician. Hence, they are not subject to competition and the
results of Proposition 1 carry over. In contrast, physicians compete for active patients, who only visit the physician offering the
highest patient benefit. Therefore, a physician's profit is jointly determined by the quantity choice (g,, g,) of the two physicians.
Correspondingly, we set

71(q1,q2) = n*(q1, @2)7(q1), )
75(q1, q2) = (1 — n*(q1, 2))7(q2), (3)
where
0 if B%(q1) < B"(q2)
n'(qr.q) =91/2 if B'(q1) = B*(q2) S
1 if B%(q1) > B"(q2)

represents the expected number of type 7 patients treated by physician 1 and where n(g,) denotes the profit per treatment of a
physician choosing g,. If both physicians provide the same benefit for a patient, then each one treats the patient with probability
1/2. To avoid risk issues, we instead implement ex-ante expected payoff in this case. Observe that a physician's profit from
treatment of an active patient depends on that patient's type through the interaction with the other physician.

Total patient benefit also depends on the number of patients treated by physicians 1 and 2, respectively. Correspondingly,
we set

B{(q1,92) = n"(q1,92) B (q1) (5)
BJ(q1,q2) = (1 = n"(q1,492))B"(q2) (6)

to denote the total patient benefit received at physicians 1 and 2, respectively. As before, patient benefit B°(¢q) depends on the
patient type r = H, L.

To allow for altruistic preferences, let (a,, a,) € [0,1]* denote the degree of altruism of physicians 1 and 2, respectively. We
assume each physician maximizes utility, which represents a weighted average of profit and patient benefit, that is,

Uf(q1,q;a1) = (1 — ap)zri(q1, ¢2) + a1 B{ (g1, ¢2), (7)
Uj (g1, g2 @) = (1 — a2)m5(q1, q2) + a2 B1 (g1, q2), ®)

All this, we assume to be common knowledge among physicians.?? The proposition further below identifies the Nash
equilibrium for each patient type. It shows that, in equilibrium, each physician chooses the patient-optimal quantity for active
patients. The proof of the proposition is instructive in that it shows that our experimental design is robust against introduc-
ing incomplete information about each other physician's degree of altruism. The analysis is restricted to pure strategy Nash
equilibria.
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Proposition 2. Let (a,, a,) € [0,1]* and = € L, H be arbitrary.

(a) Physicians treat passive patients in accordance with 1. They treat each active patient patient-optimally, that is, the unique
Nash equilibrium is (qlf(al N NHCIR ag)) = (q", q%), where q* represents the patient-optimal quantity (i.e., g~ = 3 for type
L patients and q" =7 for type H patients). Moreover, the Nash equilibrium is strict.

(b) For passive patients, the results of 1b apply. For each active patient, benefit in Nash equilibrium is maximal, that is, we
have Bf(qlr(al , ), qg(al , az)) = B7(¢") = 10 for both physicians i = 1, 2.

Proof: See Appendix B.

The following set of hypotheses follows from parts (b) of Propositions 1 and 2, respectively. Firstly, for active patients
of both types, 7 = H, L, the average patient benefit resulting from medical service provision is higher in all conditions with
competition than that of passive patients in the corresponding condition without competition. Moreover, for all conditions with
competition, the average patient benefit does not differ from the maximum benefit of patient-optimal treatment, B*(g”) = 10.
Accordingly, comparing across patient types of low and high severity, there neither is a difference in patient benefit. All of this
holds true independent of whether the experimental condition exhibits a homogeneous or a heterogeneous patient population.
Second, for passive patients of both types, r = H, L, the average patient benefit does not differ between conditions with compe-
tition and conditions without competition; moreover, in conditions with competition, the benefit for passive patients is strictly
lower than the maximum benefit and hence than the average benefit of active patients. Similar to the above, the composition of
the patient population should not make any difference. Thirdly, comparing between passive patients of low and high severity,
the benefit of the latter is higher than that of the former.

To conclude this section, we point out that the equilibrium described in Proposition 2 is unique. Therefore, in the finitely
repeated game of the experiment, there exists a unique subgame perfect equilibrium, which involves repeated play of the unique
stage game equilibrium. Theoretically, this leaves no scope for collusion. However, based on previous experimental evidence,
we would expect tacit collusion? to occur during the earlier periods of the repeated interaction (see, e.g., Brosig-Koch,
Hennig-Schmidt, et al., 2017; Engel, 2015; Potters & Suetens, 2013; Suetens & Potters, 2007).

S | EXPERIMENTAL RESULTS

In this section, we briefly report the provided quantities and resulting patient benefits for the two conditions without competition
first. Then we compare these findings to our observations made with competition. In our analyses of the effects of competition,
we differentiate between active patients and passive patients (i.e., those who choose the physician providing the highest benefit
and those who visit the same physician independent of the quality provided). To reconcile incentives from the treatment of low-
and high-severity patients, we focus our analysis on patient benefits instead of provided quantities. In doing so, patient-optimal
medical treatment results in 10 benefit units in all experimental conditions, while profit-maximizing treatment leads to 3 and 7
benefit units for low-severity and high-severity patients, respectively. The statistical tests reported in this section are based on
individual data averaged over all rounds. We employ nonparametric tests, where the number of independent observations corre-
sponds to the number of matching groups for active patients and the number of subjects for passive patients.?* In all competition
conditions, in which physicians are faced with two active patients with an identical severity of illness (i.e., conditions HomLow,
HomHigh, and MixedPassive), we pool the data of the two active patients as medical treatment of these patients does not differ
significantly (p > 0.203). Table 2 provides the average quantity of medical services and the average patient benefit for all types
of patients in each experimental condition.

5.1 | Absence of competition

Without competition, subjects provide, on average, 6.80 medical services for patients with a low severity of illness (condi-
tion LowNC) and 8.09 medical services for patients with a high severity (HighNC). This implies that, without competition,
fee-for-service payment incentivizes physicians to choose a quantity of medical services that is higher than the patient-optimal
quantity (where g* = 3 and ¢/ = 7). The observed overprovision is significant at the 1-per cent level in both conditions.
However, the chosen average quantities of medical services are lower than those predicted with pure profit maximization of
10 medical services in both conditions (p = 0.000). Figure 4 illustrates the resulting average patient benefits per condition.
The average patient benefit is significantly higher for high-severity patients than for low-severity patients (p = 0.018). This
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Quantity of medical treatment Patient benefit TABLE 2 Average quantity of medical

treatment and average patient benefit.
Low severity High severity Low severity High severity

Passive Active Passive Active Passive Active Passive Active

HomLow 3.68 3.93 431 8.99
(0.56)  (0.58) (056)  (0.58)
MixedPassive  9.50 433 8.99 3.50 863  7.70
(0.18)  (047) (0.35) (0.18)  (047) (0.28)
MixedActive ~ 8.30 3.79 715 468 9.19 9.62
(054)  (0.28) 0.10)  (0.54)  (0.27) 0.12)
HomHigh 9.18 7.12 7.61 9.77
031)  (0.06) 0.22)  (0.06)
LowNC 6.80 6.19
(0.43) (0.43)
HighNC 8.09 8.61
(0.30) (0.24)

Note: Average quantity of medical treatment and average patient benefit over 20 rounds per experimental
condition for each patient type. Robust standard errors in parentheses are clustered by group level. In
conditions LowNC and HighNC subjects provide medical treatment in the absence of competition. HomLow,
HomHigh, MixedPassive, and MixedActive comprise conditions with competition. Patient-optimal medical
treatment is achieved with 3 units of medical treatment for low-type patients and 7 units of medical treatment
for high-type patients. Maximum patient benefit is 10 for all types of patients.
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difference is in line with the fact that physicians' trade-off between maximizing their own profit and maximizing patient benefit
is more pronounced for patients with a low severity of illness. Overall, the behavior observed in the absence of competition
is in line with our theoretical predictions. It implies that, on average, subjects seem to care not only about their own profit but
also—to some extent—about patients' benefit. Our assumption of physician altruism may account for this (see, e.g., Attema
et al., 2023; Brosig-Koch, Hennig-Schmidt, et al., 2017; Godager & Wiesen, 2013; Li et al., 2017, 2022).

Although there is no feedback about other subjects' behavior in the conditions without competition, we observe a slight
decline of patient benefits over time, which is significant at the 5-per cent level (see Figure 5 and Table C1 in Appendix C for
regression results).?> The statements made in previous paragraphs hold for all 20 rounds, though.

5.2 | Effects of competition for active patients

With competition, an active patient always chooses the physician providing the highest benefit for him or her. For these patients,
competition is predicted to eliminate the distortive effect of fee-for-service incentives (i.e., overprovision) and should maximize
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their benefit. Figure 6 illustrates the average benefit for (active) patients observed in conditions with and without competition.
It reveals that active patients benefit from competition. Compared to LowNC, the average benefit of active patients with a
low severity of illness is significantly higher independent of the composition of the patient population (LowNC vs. HomLow:
p = 0.003, LowNC vs. MixedActive: p = 0.0004, LowNC vs. MixedPassive: p = 0.002). We observe similar results for active
patients with a high severity of illness. Also, for these patients, average benefits are significantly higher with than without
competition independent of the composition of the patient population (HighNC vs. HomHigh: p = 0.014, HighNC vs. Mixe-
dActive: p = 0.037).

Figure 6 suggests that, with competition, average benefits for active patients are still lower than those resulting from
patient-optimal treatment. This effect is significant for both patient types, those with a high severity and those with a low sever-
ity of illness (p < 0.002 for all competition conditions). This might be an indication of tacit coordination between physicians
in competition conditions. We come back to this issue when analyzing the dynamics of decisions in competition conditions in
Section 5.4. Comparing the average benefits between active patients with a low and a high severity of illness in competition
conditions in which physicians are faced with a homogeneous population in terms of the state of health, we do not find a signif-
icant difference (HomLow vs. HomHigh: p = 0.640). This does not hold in the competition condition in which active patients
are heterogeneous with regard to their state of health (MixedActive). Here, the average benefit resulting for active low-severity
patients is still significantly lower than the benefit for active high-severity patients (9.19 vs. 9.62, p = 0.018). The latter result
is not in line with our theoretical prediction.

To control for potential additional influencing factors such as individual characteristics and time trends, we also run multi-
level linear mixed-effects regressions of patient benefit. This accounts for our complex data structure, as our units of analysis
are nested within clusters and repeated over time.?® The results are included in Table 3. The regression models regarding the
effects of competition (models 1-3) include random effects for round ¢ (level 1) and subject i (level 2).%” Level 2 represents the
units of analysis (subjects in the role of a physician), and level 1 represents the repeated measures made over time (round). The
specification for model (1) is
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TABLE 3 Regression results: effects of competition for active patients.

@ (2 3 C)) ©)
Fixed effects
Competition 1.743%%* 0.921%#* 0.955%*
(0.321) (0.430) (0.436)
Low severity —1.619%%* —2.428%#%% —2.443 %% —0.430%%* —0.430%%*
(0.321) (0.430) (0.445) (0.087) (0.087)
Round 0.006 0.006 0.006 0.030%** 0.030%**
(0.007) (0.007) (0.007) (0.009) (0.009)
Competition X severity 1.680%** 1.655%**
(0.619) (0.629)
HomHigh 0.365 0.381
(0.588) (0.591)
MixedPassive —0.395 —0.388
(0.595) (0.598)
MixedActive 0.262 0.253
(0.597) (0.599)
Individual characteristics No No Yes No Yes
Constant 8.258*** 8.659%** 8.807*** 9.094 %3 8.488 %%
(0.275) (0.303) (1.208) (0.445) (0.596)
Random effects
Subject level
Var(Round) 0.002%** 0.002#** 0.002%*** 0.005 0.005
(0.001) (0.001) (0.001) (0.001) (0.001)
Var(Constant) 2.175%** 2.006%** 2.0917%** 1.005%** 0.9997%%**
(0.368) (0.343) (0.365) (0.234) (0.232)
Cov(Round, constant) —0.008 —0.007 —0.009 —0.068%** —0.068***
(0.011) (0.011) (0.012) (0.014) (0.014)
Group level
Var(Constant) 1.725%* 1.738%*
(0.433) (0.434)
Var(Residual) 0.8877%** 0.8877%** 0.888%** 1.525%%** 1l SR5Fs
(0.031) (0.031) (0.031) (0.039) (0.039)
Subjects 87 87 87 82 82
Groups 66 66 66 41 41
Observations 1740 1740 1740 1640 1640

Note: Multilevel mixed effects REML regressions showing the fixed and random effects of competition (models 1-3) and composition of the patient population
(models 4-5) on patient benefit. Baseline category for experimental condition is HomLow. Individual characteristics comprise age, gender and field of study. Standard
errors are in parentheses.

##5p < 0,01, ¥p < 0.05, *p < 0.1.

bii=po+ P1Ci+ PrLi + f3R: + ug; + u1; Ry + €1 9)

Parameters f, trough f3, represent the fixed effects associated with the intercept and the individual level covariates, u,, and
u,; are the random effects with the intercept and time slope associated with a subject, and €, represents the residual. We assume
that the residuals are independent and identically distributed, with constant variance across rounds. The individual covariates
for models (1)-(3) are dummy variables for Competition (= 1 for conditions HomLow and HomHigh, C,) and patient type (=1
for Low severity, L;). We also control for the time trend (Round, starting with round 1, R)). For models (1)—-(3), we restrict our
sample to patients in conditions without competition (LowNC and HighNC) and conditions with competition and a population
that is homogeneous with regard to the severity of illness (HomLow and HomHigh).?®
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Models (4) and (5) are restricted to competition conditions only to address the composition of the patient population. We
add the random group effect u,, to specification (10) above and account for subjects nested in a group of two physicians (level
3). The specification for model (4) is

bii = o+ P1Ci + foLi + P3 Rt + ugj + u1;j Re + €14 (10)

In models (4) and (5), we control for the severity of illness, time trends, and include condition dummies with HomLow
serving as baseline. Models (2) and (3) as well as (4) and (5) are identical except for the presence of additional covariates for
individual characteristics such as age, gender, and field of study.?

In model (1), the significant coefficient estimates on Competition and Low severity confirm the results from our
non-parametric analyses. Benefit increases for active patients with competition, and patients with a high severity of illness
have a higher benefit than patients with a low severity. The insignificant coefficient for Round does not reveal a time trend.
Apparently, the trends for conditions with and without competition seem to compensate each other (see Figure 5 in the previous
section and Figure 8 in the next but one section). In models (2) and (3), we add an interaction term on competition and severity
(competition X severity). Here, the significant positive coefficients reveal that competition has a larger effect for patients with
a low severity of illness than for patients with a high severity. This is not surprising as the deviation from the maximum benefit
was higher for patients with a low severity of illness than for patients with a high severity of illness in the absence of competi-
tion. Descriptively, the average benefit improvement due to competition is for active patients with a low severity of illness on
average 45%, while it is for active patients with a high severity of illness on average 14%.

Models (4) and (5) reveal that the coefficient for Low severity is still negative and highly significant when considering
conditions with competition only. The results further reveal a small but significant upward time trend in benefit, which seems to
stem from low-severity patients, see Figure 8.° Models (4) and (5) also demonstrate that the composition of the patient popula-
tion has no effect on the benefit of active patients, since the dummy variables for all experimental conditions are insignificant.

5.3 | Effects of competition for passive patients

Next, we focus on the analysis of benefits that result from competition for passive patients, that is, those patients who always
visit the same physician. For these patients, we expect that competition does not affect benefit. Depending on the physicians'
degree of altruism, the patient benefit from medical treatment should still deviate from the maximum. Figure 7 displays the
average benefit resulting for each severity type of passive patients in each condition with competition. The average benefit
resulting without competition for each patient type is included as a dashed line. For passive patients with a low severity of
illness, we observe that the average benefits are significantly lower with competition than without competition (LowNC vs.
HomLow: p =0.004, LowNC vs. MixedActive: p < 0.007, LowNC vs. MixedPassive: p < 0.001). This is also the case for passive
patients with a high severity of illness (HighNC vs. HomHigh: p = 0.005, HighNC vs. MixedPassive: p = 0.052).%! Thus, as
opposed to active patients and in contrast to the theoretical prediction, for passive patients, competition does even strengthen the
distortive effects resulting from fee-for-service incentives. This result suggests that subjects compensate at least to some degree
the financial pressure regarding active patients resulting from competition. We investigate this issue in Section 5.5, but do find
only weak evidence for such profit compensation.

FIGURE 7 Average benefit for passive | —mmmm—
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TABLE 4 Regression results: effects of competition for passive patients.

@ (2 3 C)) ©)
Fixed effects
Competition —1.430%** —1.000%* —0.990%*
(0.346) 0.479) (0.484)
Low severity —2.855%#% —2.426%%%* —2.538%##%* —4.204%%* —4.164%%*
(0.346) 0.479) (0.493) (0.551) (0.572)
Round —0.016%* —0.016%* —0.016%* —0.029%%%* —0.029%%%*
(0.006) (0.006) (0.006) (0.009) (0.009)
Competition X severity —0.891 —0.876
(0.690) (0.697)
HomHigh —0.908 —-0.822
(0.790) (0.818)
MixedPassive —0.814 —0.782
(0.642) (0.650)
MixedActive 0.364 0.361
(0.579) (0.584)
Individual characteristics No No Yes No Yes
Constant 8.986%** 8.776%** 7.46]1%** 8.816%** 8.087#%*
(0.297) (0.338) (1.338) (0.694) (1.569)
Random effects
Subject level
Var(Round) 0.002%** 0.002#** 0.002%*** 0.006 0.005
(0.001) (0.001) (0.001) (0.001) (0.001)
Var(Constant) 2.589%** 2.565%** 2.592*** 2.095%%** 2.152%**
(0.368) (0.426) (0.439) (0.428) (0.448)
Cov(Round, constant) —0.010 —-0.010 —0.009 —0.059%#%*%* —0.057#%%*
(0.011) (0.011) (0.011) (0.019) (0.020)
Group level
Var(Constant) 0.919 0.890
(0.457) (0.479)
Var(Residual) 0.8717%** 0.8717%** 0.8717%** 1.957#%#* 0.957%**
(0.031) (0.031) (0.031) (0.035) (0.035)
Subjects 87 87 87 82 82
Groups 66 66 66 41 41
Observations 1740 1740 1740 1640 1640

Note: Multilevel mixed effects REML regressions showing the fixed and random effects of competition (models 1-3) and composition of the patient population
(models 4-5) on patient benefit. Baseline category for experimental condition is HomLow. Individual characteristics comprise age, gender and field of study. Standard
errors are in parentheses.

#Ep < 0.01, ##p < 0.05, *p < 0.01.

Also, with competition, the average benefits of low-severity passive patients are lower than those of high-severity passive
patients. Comparing the average benefits of passive patients between conditions with a population which is homogenous with
regard to the severity of illness (HomLow vs. HomHigh) or between passive patients in the condition in which the severity
of illness differs between the two passive patients (MixedPassive), the differences are significant (HomLow vs. HomHigh:
p = 0.002, MixedPassive: p = 0.0001).

Table 4 presents estimation results from linear multilevel mixed effects models (see Section 5.2 for a detailed model spec-
ification) on patient benefit.3? In models (1)—(3), our sample is restricted to patients in the absence of competition and passive
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FIGURE 8 Evolution of average benefits for active and passive patients: Evolution of average patient benefit for active (gray line) and passive
(black line) patients with competition in HomLow, HowHigh, MixedActive, and MixedPassive. Maximum benefit level resulting from optimal treatment
behavior is 10. Minimum benefit level due to physicians' profit maximization is 3 for low-severity patients and 7 for high-severity patients.

patients in conditions with a patient population that is homogeneous with regard to the severity of illness. Models (4) and
(5) address potential effects resulting from the composition of the patient population. These models are restricted to passive
patients in conditions with competition.

The regression results confirm the previously detected negative effects of competition and of low severity of illness. For
passive patients, we do not find a significant effect of the interaction of coefficients for competition and severity.** As for active
patients, we observe that the benefit of low-severity passive patients is lower than that of high-severity passive patients when
we compare competition conditions only. Again, there are no significant effects of experimental conditions revealing that the
composition of the patient population does not influence the medical treatment of passive patients. For all models, we see
significant negative coefficients of Round indicating that treatment quality even seems to worsen over the course of 20 rounds
(see also Figure 8 in the next section).

5.4 | Comparison of active and passive patients over time with competition

Figure 8 displays the average patient benefit for active and passive patients over time for all conditions with competition (active
patients: gray line, passive patients: black line). Low-severity patients are displayed on the left-hand side, and high-severity
patients are displayed on the right-hand side of the figure. For both severity types of active patients, we observe that, in the first
round, average patient benefits are still significantly different from the maximum benefit in all conditions with competition
(p < 0.01). Over time, the average benefits of active patients converge to the predicted maximum benefit in all conditions with
competition. In condition MixedPassive (dotted line), the patient-optimal treatment is reached rather late, though.?* This might
point to some tacit coordination between physicians in conditions with competition (we investigate this issue at the end of this
section; see Table 5).

Already in the first round, the average benefits resulting for passive patients are significantly lower than those resulting
for active patients with equal severity of illness (p < 0.030).% Throughout the experiment, the average benefits of passive
patients further decline toward the lowest possible benefit (implied by the physician profit maximum). However, they are still
significantly different from that level even in the last round (p < 0.085, except for passive patients with a low severity of illness
in condition MixedPassive where p = 0.158). For passive patients with a high severity of illness, benefits are already quite close
to the lowest possible benefit and do not change much further over time.
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TABLE 5 Absolute frequency of full collusion, coordination, attempts of collusion, and attempts of coordination.

HomLow HomHigh MixedActive MixedPassive
# Rounds 20 20 20 20
# Individual decisions 800 880 800 800
# Pair decisions 400 440 400 400
# Full collusion 30 (7.5) 0(0.0) 3(0.8) 52 (13.0)
# Coordination 7 (1.8) 0(0.0) 10 (2.5) 17 (4.3)
# Attempts of full collusion 17 (4.3) 20 (4.5) 30 (7.5) 25 (6.3)
# Attempts of coordination 96 (12.0) 73 (8.3) 113 (28.3) 33 (4.1)
# With at least one deviating from patient-optimum 150 93 156 127
# Failed to collude/coordinate 113 (75.3) 93 (100) 143 (91.7) 58 (45.7)

Overall, our results on the evolution of benefits for active and passive patients suggest that the gap between active and
passive patients increases over time. This is supported by panel regressions on the difference between the benefit for active and
passive patients with a low severity of illness (=gap); see Table C4 in Appendix C. The regressions reveal a positive time trend,
which is significant at the 1% level. Given the positive and significant interaction term Round X MixedActive, the gap appears
to be most pronounced in condition MixedActive.

The observed deviation of the average benefits for active patients from the maximum benefit at least in the first rounds of
competition conditions might point to some tacit coordination between physicians. We, therefore, take a closer look at pair-
wise choices made for each of the two active patients in these conditions. To analyze the incidences of tacit coordination, we
follow Brosig-Koch, Hehenkamp, et al. (2017) and distinguish between full collusion, coordination, as well as attempts of full
collusion, and attempts of coordination (see Table 5). Full collusion occurs if both subjects choose the joint profit-maximal
quantity g = 10 (implying a benefit of 7 for patients with high severity of illness and a benefit of 3 for patients with low severity
of illness). Coordination covers all choice pairs with the equal deviation between the patient-optimal quantity and the full
collusion quantity (i.e., both subjects deviate by 1, 2, 3, 4, 5, or 6 quantities for low-severity patients and both deviate by 1 or 2
quantities for high-severity patients).

Attempts of full collusion/coordination relate to individual one-sided deviations from the patient-optimal quantity. Table 5
also includes the number of pair decisions with at least one subject deviating from the patient-optimal quantity (equivalent to
the sum of full collusion/coordination and attempts of full collusion/coordination). The number of pairs in which at least one
subject deviates from the patient-optimal quantity but who failed to collude/coordinate is given by failed to collude/coordinate.
Overall, collusive behavior is rather rarely observed in our experiment. In each condition with at least one high severity active
patient (HomHigh and MixedActive), full collusion occurs in <1% of all 840 cases. In conditions with two active low-severity
patients (HomLow and MixedPassive), full collusion is somewhat more frequent, that is, it occurs in more than 7% of all cases.

5.5 | Compensating behavior

Considering the imbalance of treatment quality across active and passive patients, one might ask whether physicians treat their
active patients at the expense of passive patients. This would suggest that physicians offset the reduced profits from competition
for active patients by deviating more from patient-optimal treatment with respect to passive patients for whom they do not have
to fear competition.

To explore the general nature of potential offsetting behavior, we consider changes in subjects' realized profits as the rounds
progress. First, we count the number of subjects per round, whose profits (either those for active patients or those for passive
patients or both) change compared to the previous round. The dotted line in Figure 9 displays the development of this number
as a percentage of the total number of subjects per condition. Apparently, the number of what we label as “profit changers”
decreases over time. Second, we analyze whether subjects respond to a decrease of profits from the treatment of active (passive)
patients by increasing profit from the treatment of passive (active) patients.*® For this, we count the number of subjects per
round, who compensate their profit decrease for active (passive) patients by an identical profit increase for passive (active)
patients. We label these subjects as “perfect profit compensators.”

The long dashed line in Figure 9 illustrates this number of subjects as a percentage of the total number of subjects per
condition. Next, we relax the assumption of perfect compensation and count the number of subjects per round, who compensate
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their profit decrease for active (passive) patients by a profit increase for passive (active) patients. We label these subjects as
“profit compensators” (note that perfect profit compensators are a fraction of profit compensators). The dashed line in Figure 9
displays this number of subjects as a percentage of the total number per condition. We find some offsetting behavior in all
conditions with competition, but there is no perfect compensation indicating that subjects do not aim at some target income.>’
Overall, there is rather weak evidence for profit compensation in our experiment.

6 | CONCLUSION

This study examines how physician competition affects the quality of medical care when patients are heterogeneous in two
respects—their responsiveness to quality differences (i.e., whether they always visit the same physician or freely choose a
physician based on treatment quality) and their state of health (i.e., whether they need a low or a high quantity of medical
services to obtain maximum benefit). Across all conditions of our laboratory experiment, we find that the benefits result-
ing from competition differ across patient groups. Without competition, we find that, in line with the theoretical prediction,
the average deviation from patient-optimal treatment is positive but lower than that expected with pure profit maximization.
As such, our results point to an average level of altruism a € (0, 1).3® Comparing average patient benefits across states of
health, the benefits are higher for high-severity patients than for low-severity patients as, for the former, the trade-off between
profit-maximization and patient-optimal treatment is less pronounced as for the latter.

With competition, we observe for all active patient types that, at least in the long run, average patient benefits do not differ
from the respective patient-optimum. Thus, in line with the theoretical prediction, competition eliminates the distortive incen-
tives associated with fee-for-service payment. This result is surprising in light of the experimental evidence on tacit collusion
in oligopoly models of competition, which typically finds outcomes of tacit collusion in experimental set-ups of duopolistic
competition. For instance, Huck et al. (2004) show that competition only becomes effective when the number of competitors is
sufficiently large. We show, however, that even the (little) competition in the context of health care markets leads to the desired
optimal treatment result for active patients.

Nevertheless, for passive patients, competition even decreases the average benefit. The latter observation is in contrast to
the theoretical prediction. We find rather weak evidence that physicians skimp on the quality of care for passive patients while
improving the quality of care for active patients, in particular, there is no perfect profit compensation. For the group of passive
patients (with less information), our effects of competition are along the same lines as Byambadalai et al. (2021), showing
that subjects' choices become less patient-oriented when they compete with each other in a duopoly or quadropoly rather than
when they treat patients in a monopoly. The negative effects of competition on passive patients might be reduced when active
patients' choices depend on the benefits not just for themselves, but also for passive patients (e.g., when active patients consider
physician ratings based on overall treatment quality in their choice as well). To what extent this is actually the case would be an
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exciting subject of future research. Our current findings support the result of Scott et al. (2022) that competition has heteroge-
neous effects on quality when different sub-groups are affected.

To conclude, our study provides support for the common view that competition may have positive effects on the quality
of medical care. However, it does so for patients who are able to choose their physician based on information about treatment
quality only. As such, our study emphasizes that competition can evoke inequalities between different patient groups, for
example, when some patients cannot freely choose their physician. Furthermore, depending on the specific composition of the
patient population, the effects of competition are sensitive to a patient's state of health. Our results imply that policies that aim
at reducing patients' transport costs to the next physician (e.g., by introducing telemedicine or electronic health) or at publicly
providing information about the quality of care and at easing access to this information might help to strengthen the positive
effects of physician competition.
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ENDNOTES

! Potential reasons for that may be various, for example, patients do not have enough information about the quality of medical treatment, they only
have limited mobility (e.g., due to physical restrictions or due to caring responsibilities), or they have higher travel costs or have to travel long
distances. Survey evidence also suggests that patients rarely use publicly reported information and simply do not look for alternatives, even if it is
in their best interest to do so (Glenngérd et al., 2011), or they search for basic information rather than making decisions based on clinical quality
(Hoffstedt et al., 2021).

2 Field evidence has shown that the fee-for-service system can be directly related to an increase in the quantity of services provided (e.g., Kantarevic
& Kralj, 2016). This can be related to the concept of supplier-induced demand (e.g., Bardey & Lesur, 2006).

3 See also the debate by, for example, Herbst and Mas (2015) and Levitt and List (2007) on the extent to which insights from the laboratory can be
generalized to the field.

4 For a more general discussion, see Stiglitz (2000). In a model on monopolistic competition, Dranove and Satterthwaite (1992) demonstrate that,
holding the price information constant, better information about quality raises the equilibrium level of quality. Gravelle and Sivey (2010) report
similar results in a model on duopoly providers in case the cost of producing quality is not too different across the two providers. There is also some
field research pointing to the particularly positive effects of information on the quality of care in competitive healthcare markets (Chou et al., 2014;
Grabowski & Town, 2011).

5 There is evidence that framing a problem in a certain way can have a strong effect on behavior (e.g., Dreber et al., 2013). In particular, a health
care framework has an impact on medical decision making in a laboratory setting. This is shown by various experimental studies (e.g., Ahlert
et al., 2012; Angerer et al., 2021a; Kairies-Schwarz et al., 2017; Kesternich et al., 2015).
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 We refer to experimental conditions instead of treatments to distinguish between medical treatments and experimental conditions.

7 Other experimental work on competition (Byambadalai et al., 2021; Ge & Godager, 2021) finds comparable effects in duopoly and quadropoly.
Since we already observe nearly optimal behavior in duopoly, we have decided not to additionally investigate quadropoly.

8 This simplifying assumption is useful to reduce the complexity of the experiment.

% In reality, physicians often face patients who exhibit less extreme behavior that is, patients who exhibit a certain degree of inertia and rarely switch
physicians, as well as are informed but are unable or unwilling to do so perfectly. Less extreme patient types would reduce the effects of competition
accordingly. The results from experiments with these selected patient types therefore provide an interval for the true effect size.

The assumption of convex costs it often made in the theoretical health economic literature; see McGuire (2000) for a summary.

This profit function has been used also by Brosig-Koch et al. (2016), Brosig-Koch, Hehenkamp, et al. (2017), and Brosig-Koch, Hennig-Schmidt,
etal. (2017).

Full insurance is commonly assumed in theoretical models of physician behavior (see McGuire, 2000, for an overview).

)

Our patients' characteristics correspond to illness B and severities x and z in Brosig-Koch et al. (2016) and Brosig-Koch, Hennig-Schmidt,
etal. (2017).

Due to ethical reasons, we did not employ real patients in our experiment. Our mechanism still ensures that, in the end, real patients' health is
affected by physicians' decisions.

@

Note that these two condition were also used by Brosig-Koch, Hehenkamp, et al. (2017), who investigate a different research question in a different
experimental set-up.

Comparing the average patient benefit between the three main fields of study, we find a tendency for the average patient benefit to decrease as
the level of formal abstraction increases. However, the average patient benefits do not significantly differ between the three main fields of study
(p > 0.304, Mann-Whitney-U tests). While these considerations imply that our sample allows identifying behavioral regularities with regard to
medical service provision, we are careful with drawing conclusions with regard to specific effect sizes.

However, as pointed out by a reviewer, medical students may care more about patients' outcome than students in other disciplines. The ranking
would then be more open.

18 Starting with Hennig-Schmidt et al. (2011), similar or equivalent mechanisms have been employed in several behavioral experiments in health
analyzing medical service provision.

Physician altruism is a common assumption in health economics models (see, e.g., Allard et al., 2011; Ellis & McGuire, 1986; McGuire, 2000).
This assumption has been supported by previous laboratory research (see, e.g., Attema et al., 2023; Brosig-Koch, Hennig-Schmidt, et al., 2017;
Godager & Wiesen, 2013; Li et al., 2017, 2022).

2

More specifically, we obtain that ¢*(a) = ¢" maximizes utility U*(g; ) for a > 1/3, while gX(@) = ¢* maximizes U*(g; ) for a > 13/23.
2

The assumption of separability represents a standard assumption in the literature when the choice of treatment quality is examined (see, e.g.,
Ellis, 1998).
2

IS}

Notice that, for the case of profit-maximizing physicians, (a;, a,) = (0, 0), our duopoly model of quality competition is similar to the Bertrand
model of price competition. However, unlike the Bertrand model, our model has a discrete strategy set Q and allows for customer-oriented firm
objectives.

2

<@

As opposed to explicit collusion, facit collusion refers to cooperative behavior between competitors that do not explicitly communicate with each
other or exchange information otherwise.

24 For between-subject analyses, we employ Mann-Whitney U tests. For within-subject analyses, we use Wilcoxon signed rank tests. When compar-

ing decisions with predicted treatment levels, one-sample Wilcoxon signed rank tests are employed. Throughout the paper, we report two-sided
tests and also exact tests when the number of independent observations is below 25.

2.

G

Note that this corresponds to time trends observed in repeated dictator games (for an overview see, e.g., Engel, 2011) and repeated dictator game
experiments (Brosig-Koch, Riechmann, et al., 2017), respectively.

26 Panel regressions with clusters on group level reveal similar results; see Table C2 in Appendix C.

2

N}

As subjects in the no-competition conditions are not assigned into groups, we disregard the group-level effects for the competition conditions in
models (1)-(3).

28 For HomLow and HomHigh, we use the average patient benefit provided per physician.

2

°

Subjects' individual characteristics do not have a significant effect on results.

30 We also included interaction terms for time and condition. We did not find any significant effect for this interaction. However, as additional inter-

action terms strongly reduced explanatory power, these results should be interpreted with caution.
3

This implies that the observed benefit is significantly lower than the maximum benefit, irrespective of the experimental condition (p < 0.01).

3

8}

Panel regressions with clusters on group level reveal similar results, see Table C3 in Appendix C.
3

@

From Figure 7, one might infer a small difference between the effect of competition for passive patients with a low and with high severity of illness,
though. Descriptively, the average benefit decline resulting from competition is on average 30% for passive patients with a low severity of illness
and on average 12% for passive patients with a high severity.
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3% For HomHigh (HomLow) from round 3 (9) onwards medical treatment is not significantly different from patient-optimum. For MixedActive
(MixedPassive), medical treatment is not significantly different from patient-optimum from round 11 (19) onwards.

35 Results are obtained from within-subject comparisons of active and passive patients. For patients with a low severity of illness, we separately test
benefits in conditions HomLow, MixedActive, and MixedPassive. For patients with a high severity, we use data from HomHigh only.

3 The case that subjects respond to a decrease of profits for passive patients with an increase of profits for active patients is rather seldom. Note that
responses (i.e., treatment changes) can be realized only after being informed about realized profits. To account for this, profit responses are lagged
for one round.

37 We also calculated the arc-elasticity to relate the extent of a change of realized profits resulting from the treatment of active patients to the extent of
a change of realized profits resulting from the treatment of passive patients. Also here we find that a decrease in realized profits for active patients
yields almost no reaction on realized profits for passive patients (see Figure E1 in Appendix E).

3 Consistent with previous research, we find that there is heterogeneity in the weight physicians attach to the patient's health benefit (see Figure D1
and the related discussion in Appendix D). The average adjusted alpha estimated in our sample of experimental subjects in conditions without
competition is 0.59 (s.d. 0.350), which is comparable with Brosig-Koch, Hennig-Schmidt, et al. (2017).
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APPENDIX A: INSTRUCTIONS AND COMPREHENSION QUESTIONS FOR HOMLOW AND
HOMHIGH [MIXEDPASSIVE AND MIXEDACTIVE]
(Translation from German)

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 both your decisions and the decisions of the other partici-
pants. 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. 100 Taler equals 5 Euro. The experiment will take about 90 min. All
participants receive the same instructions.

Please read the following instructions carefully. We will approach you in about 5 min to answer any questions you may have.
If you have questions at any time during the experiment, please raise your hand and we will come to you.

Decision situations

In each round, you take on the role of a physician and decide on medical treatment for patients. The total number of patients,
which can receive medical treatment you will find out in section “patients.” At the beginning of the experiment, you will be
randomly matched with another participant, who will also take on the role of a physician and decide on medical treatment
for patients. The experiment will consist of 20 decision rounds. During the experiment, you solely interact with the same
participant. In each round, you determine the quantity of medical treatment for each patient. Your decision is to provide
each patient with a quantity of 0, 1, 2, 3, 4,5, 6, 7, 8, 9, or 10 medical services. Every quantity of medical service yields a
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particular benefit for the patient. The benefit resulting from a specific quantity of medical services is identical for you and
the other physician.

Patients

In each of the 20 rounds, four patients can get medical treatment. [Additional for MixedPassive and MixedActive: The illness
of these patients can occur with severity x or z. The severity determines the benefit resulting from medical treatment.] The
following applies to each of the 20 rounds. Two out of four patients are regular patients, whereas one regular patient is assigned
to you and the other one is assigned to the other physician. Regular patients always remain with the physician to whom they
were initially assigned to, independently of the number of medical services you and the other physician provide. The other two
patients are patients who are undecided. That is, they have not yet been set to a treating physician. The following applies to each
of the undecided patients.

e The patient gets the treatment from you if the medical treatment provided by you leads to a higher benefit than the medical
treatment of the other physician.

e The patient gets the treatment from the other physician if his medical treatment leads to a higher benefit than your
treatment.

e If a patient receives the same benefit from your treatment and the other physician's treatment, the medical treatment will
split equally between both physicians.

You and the other physician independently decide on the number of medical services for all patients. The patients, who have
been undecided so far, will then be assigned to a physician according to the benefit they receive.
At the beginning of each of the 20 rounds, the four patients are assigned as follows:

Your regular patients Regular patients of the other physician Undecided patient A Undecided patient B
1 1 1 1

For MixedActive [MixedPassive]

Your regular patients Regular patients of the other physician Undecided patients
Severity x 1 [0] 1 2 [1]
Severity z 0[1] 1 0[1]

Profit

In each round you receive a fee-for-service remuneration for treating each of the patients. Your remuneration increases with the
amount of medical treatment you provide. You also incur costs for treating the patients, which likewise depend on the quantity
of services you provide. Your profit per patient treated is calculated by subtracting these costs from the fee-for-service remu-
neration. In case your treatment is shared with the other physician, you receive half of the profit for the patient. Your total profit
for each round is then the sum of the profits per patient you have treated.

Every quantity of medical service yields a particular benefit for the patient. 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) about the number of your regular patients,
the number of regular patients of the other physician, and the number of patients which are undecided. You also receive infor-
mation on the amount of your fee-for-service remuneration per patient and—for each possible amount of medical treatment—
your costs, profit as well as the benefit for the patients.

After each round, you will receive information on your screen about your decisions, the number of medical services per
patient provided by the other physician, as well as the resulting number of patients treated by each physician. Furthermore, this
information will be displayed for all previous rounds.
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Payment
At the end of the experiment your total profit out of each round will be summed up and paid to you in cash.

For this experiment, no patients are physically present in the laboratory. Yet, the patient benefit of the four patients in each
of the 20 rounds does accrue to real patients: The added patient benefit resulting from the medical treatment of the four patients
in each of the 20 rounds will be transferred to the Christoffel-Blindenmission Deutschland e.V., 64625 Bensheim, an organiza-

tion which funds the treatment of patients with eye cataract.

Regular
Your regular i g Undecided Undecided
i patients of the . )
patients - patient A patient B
other physician
1 1 1 1 Calculator
Round of 20
Your fee-for- Benefit for the
Number of i : ! i Benefit for the | Benefit for the
i service Your costs per | Your profit per |Benefit for your| regular patient i i
medical i i ) ) B N undecided undecided
) remuneration patient (in patient (in [ regular patient | of the other i ) i )
services per ) i § R patient A (in patient B (in
. per patient (in Taler) Taler) (in Taler) physician (in
patient Taler) Taler)
Taler) Taler)
0
1
2
3
4
5
6
7
8
9
10

Which quantity of medical treatment do you want to provide?

Your decision for your regular patient:[:]
Your decision for the undecided patient A:[:]
Your decision for the undecided patient B::]

[Colour table can be viewed at wileyonlinelibrary.com]

The transfer of money to the Christoffel-Blindenmission Deutschland e.V. will be carried out after the experiment by
the experimenter and one participant. The participant completes a money transfer form, filling in the total patient benefit (in
Euro) resulting from the decisions made by all participants. This form prompts the payment of the designated amount to the
Christoffel-Blindenmission Deutschland e.V. by the University of Duisburg-Essen's finance department. The form is then
sealed in a postpaid envelope and posted 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 EUR 5 for this
task. The participant certifies that the process has been completed as described here by signing a statement which 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 famil-
iarize yourself with decision situations. If you have any questions about this, please raise your hand. The experiment will begin
once all participants have answered the comprehension questions correctly.
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Comprehension Questions: HomHigh (HomLow)

Regular pa-
Your regu- | tients of the | Undecided | Undecided
lar patients | other phy- | patient A patieat B
sician
1 1 1 1
Quantity of Fee-for-ser- | Costs per pa- | Profit per pa- Benefit of Benefit of the | Benefit of the | Benefitof the
medical treat- vice per pa- tient tient your regular regular pa- undecided pa- undecided
ment per pa- tient (in Taler) (12 Taler) patient tient of the tient A patient B
tiert (in Taler) (in Taler) other. physi- (in Taler) (in Tzler)
cian
(in Taler)
0 0.00 0.00 0.00 3.00 (7.00) 3.00 (7.00) 3.00 (7.00) 3.00 (7.00)
1 4.00 0.20 3.80 4.00 (8.00) 4.00 (8.00) 4.00 (8.00) 4.00 (8.00)
2 8.00 0.80 7.20 5.00 (9.00) 5.00(9.00) 5.00 (9.00) 5.00 (9.00)
3 12.00 1.80 10.20 6.00 (10.00) | 6.00(10.00) | 6.00(10.00) | 6.00 (10.00)
4 16.00 3.20 12.80 7.00 (9.00) 7.00 (9.00) 7.00 (5.00) 7.00 (9.00)
5 20.00 5.00 15.00 8.00 (8.00) 8.00 (8.00) 8.00 (8.00) 8.00 (8.00)
6 24.00 7.20 16.80 9.00 (7.00) 9.00 (7.00) 9.00 (7.00) 9.00(7.00)
7 28.00 9.80 18.20 10.00 (6.00) 10.00 (6.00) 10.00 (6.00) 10.00 (6.00)
8 32.00 12.80 19.20 9.00 (5.00) 9.00 (5.00) 9.00 (5.00) 9.00 (5.00)
9 36.00 16.20 19.80 8.00 (4.00) 8.00 (4.00) 8.00 (4.00) 8.00 (4.00)
10 40.00 20.00 20.00 7.00 (3.00) 7.00 (3.00) 7.00 (3.00) 7.00 (3.00)

1. Assume that a physician wants to provide 2 (9) quantities of medical treatment for the patients depicted above.

(a) What is the fee-for-service per patient?

(b) What are the costs per patient?

(c) What is the profit per patient?

(d) What is the benefit for your regular patient?
(e) What is the benefit for the undecided patient A?
(f) What is the benefit for the undecided patient B?

2. Assume that you want to provide 2 (9) quantities of medical treatment for your regular patient and the undecided patients
depicted above. The other physician wants to provide 9 (2) quantities of medical treatment for these patients.

(a) How many regular patients would you treat?
(b) How many undecided patients would you treat?
(c) How many patients would you treat in total?
(d) What is your total profit?
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Comprehension Questions: MixedActive (MixedPassive)
Regular pa-
Your regu- | tients ofthe | Undecided
lar patients | other phy- patients
sician
Severity x 0(1) 1(1) 1(2)
Severity z 1 (0) 0 (0) 1 (0)

Quantity of Fee-for-ser- Costs per pa- | Profit per pa- Benefit per Benefit per
medical treat- vice per pa- tient tient patient with patient with
ment per pa- tient (1n Taler) (in Taler) severity X severity z
tient (in Taler) (1n Taler) (in Taler)
0 0.00 0.00 0.00 14.00 6.00
1 4.00 020 3.80 16.00 8.00
2 8.00 0.80 7.20 18.00 10.00
3 12.00 1.80 10.20 20.00 12.00
3 16.00 320 12.80 18.00 14.00
5 20.00 5.00 15.00 16.00 16.00
6 24.00 720 16.80 14.00 18.00
7 28.00 9.80 18.20 12.00 20.00
8 32.00 12.80 19.20 10.00 18.00
9 36.00 16.20 19.80 8.00 16.00
10 10.00 20.00 20.00 6.00 11.00

1. Assume that a physician wants to provide 9 quantities of medical treatment for the patients depicted above.

(a) What is the fee-for-service per patient?
(b) What are the costs per patient?
(c) What is the profit per patient?

(d) What is the benefit for the patient with severity x?
(e) What is the benefit for the patient with severity z?

2. Assume that you want to provide 9 quantities of medical treatment for your regular patient and the undecided patients
depicted above. The other physician wants to provide 2 quantities of medical treatment for these patients.

(a) How many regular patients would you treat?
(b) How many undecided patients would you treat?
(c) How many patients would you treat in total?
(d) What is your total profit?

APPENDIX B: PROOFS

Proof of Proposition 1. Recall the utility U*(q; @) = (1 — a)z(q) + aB*(g) of a physician with a degree of altruism a € [0, 1],
who chooses g € Q = {0, 1, ..., 10} and treats a patient of type = = L, H. Further recall that g*(a) denotes a corresponding utility
maximizing quantity, which always exists since Q is finite. Let 7 € L, H be arbitrary.
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Part (a): For a = 0, we have U%(g; @) = n(q) = 2q — ¢*10, which is maximized for g = 10. For @ = 1, we have U*(g;
a) = B'(q) = 10 — Ig* — ¢l, which is maximized for g = ¢*. For a € (0, 1), we show that g < ¢g* does not maximize U*(q; ). The
claim then follows from Q being finite, which guarantees a maximizer ¢*(a) > ¢ exists.

Fix a € (0, 1) arbitrarily, consider any ¢ € Q such that ¢ < g and suppose g maximizes U%(g; a). Observe that
B*(q) < B'(q") = 10, since B*(-) is strictly increasing on {0, ..., g}. Moreover, we have z(q) < n(g"), since n(q) is strictly
increasing on . Combining the two inequalities, we obtain that U*(g; @) < U*(¢%; ) in contradiction to the optimality of g.

Part (b): To establish claim (i), note that we have B*(q) < B*(¢*) = 10 for all ¢ € Q, by definition of g°*. Hence, the inequal-
ity also holds for ¢ = g"(a), when a € [0, 1] is chosen arbitrarily. To show the strict inequality B*(q) < B*(¢°) for a sufficiently
small, consider any a such that U*(¢" + 1; @) > U*(¢"; ), which is equivalent to

< z(q"+ 1) —x(q")
w(q® +1) — 7(q%) + B*(¢") — B7(¢" + 1)’

(BI)

If z = L, we insert g = 3 and (Equation B1) reduces to a < 13/23. Similarly, for = H, we insert ¢’ = 7 and obtain a < 1/3.
Moreover, it follows from U*(g* + 1; @) > U*(g%; a), that ¢” cannot be optimal, that is, g*(@) # g%, and, from part (a), that
q*(a) > q°. Thus, B*(g"(a)) < B*(g"), since B*(q) is strictly decreasing for ¢ > g"(a), which completes the proof of claim (i).

To see that B'(g"(a)) > B*(10) holds for all a € [0, 1], notice that g*(a@) € {q~, ..., 10} by part (a). The claim then follows,
since B*(g) is strictly decreasing on {g’, ..., 10}. Furthermore, the inequality holds strictly for a sufficiently large. Let a be
such that

7(10) — z(9) 1

2(10) — z(9) + B7(9) — B (10) _ 11 (B2)

which is equivalent to U*(9; ) > U*(10; &), both for = L and for 7 = H. It thus follows that g*(a) < 10 and hence B*(g*(«)) > B*(10)
by strict monotonicity of B*(g) on {q’, ..., 10}. This completes the proof of claim (ii).
To prove claim (iii), notice first that, for all ¢ > ¢” and all a € [0, 1), the difference

Ug:)-UT(g-La)=(-a)x(q) —x(g— 1) —«a (B3)

is strictly decreasing in ¢, since z(q) is strictly concave.

We distinguish two cases. Firstly, if a € (1/3, 13/23) then, on the one hand, @ < 13/23 is equivalent to UX(4; a) > UX(3; a)
and, by part (a), it hence follows that g“(a) > g* = 3. This implies BX(g%(a)) < BX(g") = 10, since B(qg) is strictly decreasing
for ¢ > ¢". On the other hand, a > 1/3 is equivalent to U"(7; a) > U™(8; a). Deploying our preliminary remarks consecutively,
we get

0>UHB;a)=UH(T;0) > U (9;0) = U (8;0) > UH(10;0) = UH(9; ), (B4)

which in turn implies that U#(7; a) > UM(8; @) > U"(9; a) > U"(10; a). By part (a), it hence follows that g”(a) = 7 and hence
Bf(g"(a)) = 10. Combining the two results, we thus obtain BX(g (a)) < 10 = B¥(¢g"(a)) for a € (1/3, 13/23).

Second, for a € [0, 1/3] it suffices to show that g“(a) > 7. For, in this case, we obtain that BX(g (a)) = 13 — ¢*(a) < 6.
Moreover, it follows from g"(a) € {7, ..., 10} that B¥(¢"(@)) = 17 — ¢"(a) > 7 > BX(g*(a)), which then completes the proof
of claim (iii).

To show that g“(a) > 7 indeed applies, fix a < 1/3 arbitrarily. Recall that & < 1/3 is equivalent to UX(7; a) < UX(8; a). By
our preliminary remark, it hence follows that

0<ULB;0)-ULT;0) < ULT;0) = UL 6;0) < UL(6;0) — UL(5;a) (BS)
<ULG5;0) = UL4;0) < UL4;0) = UL 35 a). (B6)

Since the first difference is strictly positive, so are the other differences, which implies UX(7, a) > UX(6, a) > U5,
a) > UX4, a) > UX3, a). By part (a), we thus obtain that g“(a) > 7, which completes the proof. O

Proof of Proposition 2. Notice that physician utility U,(q,, g,; ;) from treating a patient of type 7, = € {L, H}, can be rewritten
as

Ui(g1, q2;00) = (1 — an)m (g1, 42) + a1 B{(q1, 42) (B7)
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=n"(q1, ¢2)[(1 — a)x(q1) + 1 B (q1)]. (B8)

(Existence) Let the patient be of type v = L, that is, g" = 3. To establish that (qi‘, q’zk) = (4%, q") represents a Nash equilib-
rium, it suffices to show that, for any degree of altruism «, € [0, 1], physician 1 maximizes utility by choosing g%, given that
physician 2 picks ¢°. Then, by symmetry, a similar argument applies to physician 2.

To begin with, let g, # ¢ denote any alternative quantity choice of physician 1. Define

Algr,a1) :=U(q",q"501) —U[(q1.9%; an). (B9)
On the one hand, notice that ¢, # ¢* implies B*(g,) < B*(g") and hence n’(g,, ¢*) = 0. Consequently, we have
Ul(q1.q": 1) = n*(q1.4") (1 — a))7(q1) + a1 B (q1)] =0, (B10)
for all ¢, # ¢* and all , € [0, 1]. On the other hand, observe that n*(g°, g*) = 1/2 implies
Ul(q%.q%a1) = n"(q%, q)|(1 — a)x"(q") + a1 B (¢")| = n"(q,q")n"(q7) = 51/20, (B11)

where the inequality follows from a, € [0, 1] and #°(g%) = 51/10 < B*(g") = 10. We thus have A(g,, a;) > 51/20 > O for all
q, #q*and all a, € [0, 1], that is, (g%, ¢*) represents a strict Nash equilibrium for all (o, a,) € [0,1]%. A similar argument shows
that (g%, ¢%) = (7, 7) constitutes a Nash equilibrium if the patient is of type 7 = H such that g* = 7.

(Uniqueness) Consider a patient of arbitrary type = € {L, H} and recall that B*(¢") > B*(g) for all ¢ € Q, g # q*. It remains
to be shown that (g%, ¢°) represents a unique Nash equilibrium of the stage game. We show (1) that no other symmetric Nash
equilibrium exists and (2) that no asymmetric equilibrium exists either.

Ad (1): Suppose (g, g) represents a second Nash equilibrium such that g # ¢°. If g < g" then g, = g + 1 entails B7(g + 1) > B*(q),
n'(q+ 1, q) > n'(q, q), and n(q + 1) > n(q), which implies U (g + 1, q; a1) > U (g, ¢; ay) for any a, € [0, 1]. Thus, (g, ) does
not represent a Nash equilibrium for g < ¢°.

On the other hand, if ¢ > ¢* then g, = g — 1 entails B*(¢ — 1) > B*(q), which implies that (g, g) does not represent an equi-
librium for a; = 1. Moreover, it follows that n*(g — 1, ¢) = 1 > n*(g, ¢) = 1/2, but also n(q — 1) < n(q). Notice, however, that
ir]T(q -lL,gg=zn(qg—-1)> ﬂlf(q, q) = n(q)/2. To show this, we set

AQ) :=r(g—1)— %ﬂ(q) = %(—q2 +24q — 42). (B12)

Since A(g) is strictly increasing on Q, it follows from g > ¢* > 3 that A(g) > A(3) = 21/20 > 0, that is, we have
Jr]T(q —-1,q9) > ﬁl’(q, q) and thus (g, g) does not represent an equilibrium for a; = 0. Combined with B*(g — 1) > B"(g) this
implies that Ulf(q - 1,qa1) > Ulf(q, g;ay) for any a; € (0, 1), since physicians' utility is linear in a,. Thus, (g, g) does not
represent a Nash equilibrium for g > g either.

Ad (2): Let (g,, q,) represent a Nash equilibrium such that g, # ¢,. Observe that g, = g* or g, = ¢* cannot be part of an
asymmetric equilibrium since (g%, ¢°) represents a strict Nash equilibrium. Hence, suppose that g, # ¢* and g, # g°. Without
loss of generality, let g, < g,. If ¢, < ¢* then physician 1 can strictly increase utility by choosing ¢ instead. To see this, notice
that B*(g") > B*(q,), n*(q", q,) = 1 > n*(q,, q,), and n(q*) > n(g,). It thus follows that

Ui(q". g2 1) = n*(¢". ) [(1 — a)7(q") + a1 B*(¢")) (B13)

>n"(q1,q2)[(1 — a)m(q)) + @1 B (q1)] = U1(q1, q2; 1) (B14)

for any a, € [0, 1], in contradiction to (g,, g,) representing a Nash equilibrium. On the other hand, if g, > g°, then physician 2 can
increase utility by choosing g, — 1 instead. To see this, observe first that patient benefit strictly increases, B*(q, — 1) > B*(q,), by
negative monotonicity of patient benefit for all ¢, > ¢*. Hence, (g,, g,) does not represent an equilibrium for @, = 1. Secondly,
this implies n*(q,, g, — 1) = 0 whereas n*(g,, q,) = 1 because of q, < g,, that is, physician 2 strictly increases her demand.
Moreover, we obtain

7y (q1.q1 — 1) = (1 —n"(q1,q1 — D)7ma(q1 — 1) > 0 = m2(q1, g2), (B15)
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because of g, — 1 > ¢g* > 0. Therefore, (g,, g,) does neither represent a Nash equilibrium for a, = 0. Since physicians' utility is
linear in a,, it hence follows that U,(q,, ¢, — 1; a,) > U,(q,, g,; @,) for any a, € (0, 1). Thus, (g,, g,) does not represent a Nash
equilibrium for g, > g° either. O

APPENDIX C: FURTHER ANALYSES

Low severity patients High severity patients
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FIGURE C1 Development of patient benefit by field of study. Evolution of average patient benefit for active (gray line) and passive
(black line) patients with competition in HomLow, HowHigh, MixedActive, and MixedPassive. The maximum benefit level resulting from optimal
treatment behavior is 10. The minimum benefit level due to physicians' profit maximization is 3 for low-severity patients and 7 for high-severity
patients. STEM, science, technology, engineering, and mathematics.

TABLE C1 No competition—time trends with regard to patient benefits.

@ 2 3 @
Low severity —2.430%%* —2.659%%* —2.4207%%* —2.642%%%
(0.491) (0.513) (0.489) (0.505)
Round —0.017%* —0.017%* —0.017* —0.017*
(0.008) (0.008) (0.009) (0.009)
Constant 8.786%** 6.193 %% 8.781%%* 6.467%%**
(0.346) (1.844) (0.228) (1.497)
Observations 900 900 900 900
Individual characteristics No Yes No Yes

Note: Fixed effects results of two-level mixed effects REML regressions with clustering levels for subject and round (models 1 and 2). Results of panel regressions
with clusters on group level (models 3 and 4). Individual characteristics comprise age, gender, and field of study. Panel data regressions reveal similar results. Standard
errors are in parentheses.

wrxp < 0.01, ¥p < 0.05, *p < 0.1.
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TABLE C2 Panel regression: effects of competition for active patients.

@® (2) 3) ) %)
Competition 1.955%** 1.163%%* 1.172%%*
(0.378) (0.247) (0.254)
Low severity —1.628%%%* —2.42%%* —2.431%#%* —0.778 —0.724
(0.386) (0.487) (0.493) (0.565) (0.539)
Round 0.006 0.006 0.006 0.035%** 0.035%**
(0.008) (0.008) (0.008) (0.012) (0.012)
Competition X severity 1.642%% 1.608%*%*
(0.744) (0.758)
MixedPassive —0.359 -0.316
(0.719) (0.712)
MixedActive 0.199 0.177
(0.621) (0.608)
Individual characteristics No No Yes No Yes
Constant 8.160%#* 8.548%%* 8.982##* 9.406%** 10.038***
(0.284) (0.238) (1.636) (0.143) (1.678)
Subjects 87 87 87 82 82
Observations 1740 1740 1740 1640 1640

Note: Results of panel regressions with clusters on group level of competition (models 1-3) and composition of the population (models 4-5) on patient benefit for
active patients only. Baseline category for experimental condition is HomLow. Individual characteristics comprise age, gender, and field of study. Standard errors are in
parentheses.

##¥p < 0.01, **p < 0.05, *p < 0.1.

TABLE C3 Panel regression: effects of competition for passive patients.

@ 2) 3 C)) )
Competition —1.423%%* —1.0007%** —0.9897%*
(0.373) (0.319) (0.337)
Low severity —2.843%** —2.420%%* —2.527%*% —4.2007%#* —4.139%**
(0.379) (0.487) (0.487) (0.302) (0.322)
Round —0.016%** —0.016** —0.016** —0.0297%#* —0.029%**
(0.006) (0.006) (0.006) (0.010) (0.010)
Competition X severity —0.877 —0.862
(0.753) (0.753)
HomHigh —0.903 —0.765
(0.652) (0.664)
MixedPassive —-0.810 —0.785
(0.565) (0.549)
MixedActive 0.368 0.357
(0.745) (0.745)
Individual characteristics No No Yes No Yes
Constant 8.97 7k 8.770%** 7.551%%%* 8.810%** 7.906%**
(0.255) (0.234) (1.138) (0.611) (1.400)
Subjects 87 87 87 82 32
Observations 1740 1740 1740 1640 1640

Note: Results of panel regressions with clusters on group level of competition (models 1-3) and composition of the patient population (models 4-5) on patient benefit.
Baseline category for experimental condition is HomLow. Individual characteristics comprise age, gender and field of study. Standard errors are in parentheses.
#¥p < 0.01, **p < 0.05, *p < 0.1.
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TABLE C4 Competition—time trends with regard to the difference between benefits for active and passive patients with low severity of
illness.
@ 2 3
Benefit Benefit Benefit
MixedPassive 0.641 0.558 0.202
(0.790) (0.755) (0.649)
MixedActive —0.156 —0.116 —0.955
(0.825) (0.797) (0.608)
Round 0.068*** 0.068*** 0.029
(0.019) (0.019) (0.023)
Round X MixedPassive 0.034
(0.047)
Round X MixedActive 0.080%**
(0.040)
Constant 4.058%*** 7.865%** 8.271%**
(0.617) (2.210) (2.236)
Observations 1000 1000 1000
Subjects' characteristics No Yes Yes

Note: Results from panel regression with robust standard errors at group level. Dependent variable is the gap, which is the individual (absolute) difference between
benefit of active and passive patients. Baseline category for experimental condition is HomLow. Individual characteristics comprise age, gender, and field of study.
Standard errors are in parentheses.

##5p < 0,01, ¥p < 0.05, *p < 0.1.

APPENDIX D: INDIVIDUAL DEGREE OF ALTRUISM

We calculate the individual degree of altruism (e;) for each subject in the conditions without competition using Equation (1)
for each round. The values of «; are determined by identifying the individual degree of altruism that maximizes a subject's
utility for the actual quantity of medical services provided. To make our altruism measure comparable across patient types, we
calculated a standardized alpha (&;). For this, we divided the a; by o, the latter representing the degree of individual altruism a
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FIGURE D1 Adjusted alpha in no-competition conditions. Distribution of individual degree of altruism. The figure presents the cumulative
frequency of average adjusted alpha values by experimental condition in no-competition conditions. The values of a; are determined by identifying
the individual degree of altruism that maximizes a subject's utility for the actual quantity of medical services provided. We calculated a standardized
alpha (&;). For this, we divided the a;, by a”, the latter representing the degree of individual altruism a subject would have to exhibit to choose the
patient-optimal quantity ¢g°. That is, the choice of the patient-optimal quantity would result in an adjusted alpha of &; = 1.
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subject would have to exhibit to choose the patient-optimal quantity g°. That is, the choice of the patient-optimal quantity would
result in an adjusted alpha of &; = 1, see Brosig-Koch, Hennig-Schmidt, et al. (2017) for a similar approach.

Figure D1 shows the adjusted individual alpha values averaged over the 20 rounds for experimental conditions without
competition. Consistent with previous research, we find that physicians, on average, attach a positive weight to the patient's
health benefit and that there is heterogeneity in the distribution of this weight. The average adjusted alpha in our sample of
experimental subjects in conditions without competition is 0.59 (s.d. 0.350). This value is comparable with Brosig-Koch,
Hennig-Schmidt, et al. (2017).

It should be noted that estimating the individual degree of altruism (a;,) in conditions with competition yields a conceptual
problem. Focusing on active patients, the theoretical prediction implies the patient-optimal quantity choice for all individual
degrees of altruism. Therefore, we cannot determine the specific individual degree of altruism from observed quantity choice.
For passive patients, our results indicate a deviation from the theoretical prediction that suggests no behavioral difference
between conditions with and without competition. This finding suggests that our model does not fully account for the behavior
observed for passive patients in conditions with competition. Accordingly, using this model to estimate the individual degree
of altruism for passive patients is highly questionable. If we did so, the individual degrees of altruism («;) would differ between
conditions with and without competition. But this contradicts the interpretation of these degrees as innate individual preference
parameters. It is an open question as to whether the individual degree of altruism should indeed be interpreted as innate indi-
vidual preference, particularly since there is evidence suggesting that altruism can be changed in response to external environ-
mental factors (see e.g., Attema et al., 2023).

APPENDIX E: ARC-ELASTICITY OF MEDICAL TREATMENT

We also calculated the arc-elasticity of medical treatment for passive patients with respect to changes in medical treatment for
active patients. That is, we aim at relating the extent of a change of profits resulting from the treatment of active patients to the
extent of a change of profits resulting from the treatment of passive patients. For this, we first calculate the changes of realized
profits compared to the previous round. We do this separately for profits resulting for active patients () and profits resulting
for passive patients (z7). As treatment responses can be realized only after receiving information about profits, the responding
profit changes are lagged for one round. The arc-elasticity is then calculated as

_ (77 ==l )= +7,)

() ),

The arc-elasticity represents the %-profit change for passive patients by a %-profit change for active patients. Figure E1
reveals that a decrease in realized profit for active patients yields almost no reaction to realized profits for passive patients.

FIGURE E1 Arc-elasticity of profits HomLow HomHigh
for passive patients with respect to changes in
profits for active patients. [Colour figure can
be viewed at wileyonlinelibrary.com]
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