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The effects of competition on medical service provision®

Abstract

We explore how competition between physicians affects medical service provision. Previous
research has shown that, in the absence of competition, physicians deviate from patient-
optimal treatment under payment systems like capitation and fee-for-service. While competi-
tion might potentially eliminate or reduce these distortions, physicians usually interact with
each other repeatedly over time. This leaves scope for collusive behavior. Moreover, only a
fraction of patients switches providers at all. Both patterns might prevent competition to work
in the desired direction. To analyze the behavioral effects of competition, we develop a theo-
retical benchmark which is then tested in a controlled laboratory experiment. Experimental
conditions vary regarding physician payment (fee-for-service vs. capitation) and the severity
of patients’ illness (low vs. high). In our setting, two physicians repeatedly treat patients from
a homogeneous patient population. While half of the patients always attend the physician
providing the highest patient benefit, the other ones always visit the same physician. Treat-
ment decisions made in the experiment affect real patients’ health. Our results reveal that, in
line with the theoretical prediction, introducing competition can reduce overprovision and
underprovision, respectively. The observed effects depend on patient characteristics, though.
Compared to related experimental research on price competition, collusive behavior is less
frequently observed in our setting of medical service provision.

Keywords: Physician competition, fee-for-service, capitation, laboratory experiment
JEL Classifications: 111, D43, C91
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1 Introduction

Starting with the seminal papers by Ellis and McGuire (1986, 1990) and Ellis (1998), an ex-
tensive literature has investigated the extent to which physician payment systems like capita-
tion and fee-for-service lead to deviations from patient-optimal medical treatment (for an
overview see, e.g., Iversen and Luras, 2006). This literature includes both theoretical and em-
pirical contributions, the latter of which mostly contain field evidence. While capitation pay-
ment embeds an incentive to provide fewer medical services than would be optimal for the
patient, fee-for-service payment induces physicians to supply more than the patient’s optimal

level of medical service (see, e.g., Ellis and McGuire, 1986).

Field evidence on the relationship between physician payment and medical treatment deci-
sions is rather mixed. Some studies observe that physicians respond to payment incentives
(e.g., Clemens and Gottlieb, 2014, Davidson et al., 1992, Devlin and Sarma, 2008, Gaynor
and Gertler, 1995). Others do not find such a link, however (e.g., Hutchinson et al., 1996,
Hurley and Labelle, 1995, Grytten and Sgrensen, 2001). Field research often struggles with
simultaneous variations of more than one component of the payment system or potential se-
lection biases regarding patient characteristics, which make causal inferences on the direction
and strength of an effect rather difficult (e.g., Gosden et al., 2001, Falk and Heckman, 2009).
In recent years, research in health economics has started to use economic experiments to test
the behavioral effects of physician payment under controlled laboratory conditions (e.g., Hen-
nig-Schmidt et al., 2011, Green, 2014, Brosig-Koch et al., 2015a, b). While there is an active
debate on the extent to which insights from the laboratory can be generalized to the field (see,
e.g., the discussion in Levitt and List, 2007, or the recent findings by Herbst and Maas, 2015),
laboratory experiments typically serve to complement field research as they allow for a higher
internal validity. In the laboratory ceteris paribus changes of parameters can be implemented
and their effects on individual behavior can be directly observed. External factors like pa-
tients’ health status can be isolated and, if behavior changes, this change can be attributed to
the modified parameter (e.g., the payment system). Accordingly, laboratory experiments pro-
vide a suitable tool to test health economic models.? Experimental research on physician
payment has revealed that monetary incentives affect medical treatment. In line with the theo-
retical prediction, patients receive significantly more medical services under fee-for-service
payment than under capitation payment. This holds true independent of the subject pool, i.e.

physicians, medical students, and non-medical students (Brosig-Koch et al., 2015a).

2 An elaborate discussion of the relationship between economic theory and experimental economics is included
in Part 11 of the Handbook of Experimental Economic Methodology (Fréchette and Schotter, 2015).
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Laboratory studies further suggest that medical service provision is not only guided by indi-
vidual profit, but also by patient health benefit. Based on experimental data provided by Hen-
nig-Schmidt et al. (2011), Godager and Wiesen (2013) explicitly measure the weight subjects
attach to patient health benefit. They find that the majority of subjects put a positive weight on
patient health benefit. This supports the assumption of physician altruism commonly made in
the theoretical health economics literature (see, e.g., Ellis and McGuire, 1986, 1990,
McGuire, 2000, Chalkley and Malcomson, 1998, Allard et al., 2011, Choné and Ma, 2011).
Godager and Wiesen (2013) further observe a substantial heterogeneity in the degree of indi-
vidual altruism. Similarly, focusing on mixed payment systems Brosig-Koch et al. (2015b)
demonstrate that individual responses can be accounted for by a behavioral model capturing
physician altruism. In line with Godager and Wiesen (2013), they find that the weight subjects
attach to patient health benefit differs substantially among subjects. Again, these results do

not depend on subjects' medical background.

So far the experimental literature restricts attention to medical service provision that is made
in the absence of competition. We contribute to this literature by exploring how competition
affects the distortion of medical treatment caused by payment incentives. Based on a model of
physician competition, we derive behavioral predictions which are then tested in a controlled
laboratory experiment. Motivated by the experimental findings on physician altruism, our
model allows for heterogeneity in the weight individuals attach to patients’ health benefit.

Theoretical research mostly admits that competition between physicians can reduce the distor-
tion of behavior under certain conditions (e.g. Allard et al., 2009). Merely, Ellis and McGuire
(1986) argue that hospital competition for physicians will strengthen the distortionary effect
of payment systems. Notice, however, that this issue does not arise when independent physi-
cians compete for patients.® In a recent experimental study, Huck et al. (2014) examine the
provision of a credence good, employing a 2x2-design with insurance and competition. Com-
pared to their baseline treatment, insurance leads to higher consultation rates and higher over-
treatment (two-sided moral hazard). The adverse effects of insurance are mitigated when

competition is combined with insurance.

Field evidence on the effects of physician competition is scarce and results are rather mixed.
Pike (2010) investigates the relationship between general practitioner’s (GP) quality of medi-

cal care (number of referrals to specialists, patient satisfaction) and the degree of competition

3 According to Ellis and McGuire, hospitals primarily compete for physicians rather than for patients directly
and they compete for physicians with e.g. a lower (higher) weight on patient benefit under a prospective (cost-
based) payment system. As a consequence, intensified competition for physicians will tend to strengthen the
distortionary impact originating from the payment systems.
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(number of nearby rivals) in England. He reports that more competition is correlated with a
higher level of quality. Dunn and Shapiro (2015) focus on the impact of competition on the
quantity and type of health services provided by cardiologists. They observe that, with fee-
for-service payment, a higher market concentration increases the use of cardiac catheteriza-
tion, but decreases the probability of a less invasive diagnostic test being performed. Moreo-
ver, a higher concentration leads to fewer readmissions, but does not affect mortality. Iversen
and Ma (2011) use Norwegian data of GP radiology referrals to study the relationship be-
tween competition and the number of referrals. In line with their model, they find that compe-
tition leads to a higher number of referrals. Godager et al. (2015) re-examine the effect of
competition on GP referrals in Norway and include some additional controls. According to
their results, competition has no or only a small positive effect on the number of referrals.

In this study, we use a controlled laboratory experiment to test the effects of competition on
medical treatment decisions. Theoretical predictions are based on a model which allows for
different degrees of physician altruism (modeled as a weighted average of physician profit
and patient benefit). In our set-up, two subjects take the role of physicians and repeatedly in-
teract with each other over 20 rounds. In every round there are four patients to be treated by
the two physicians. Two patients are permanently allocated to the same physician with each
physician treating one of them. The other two patients are recurrently reassigned to the physi-
cian providing the highest health benefit. If both physicians provide identical health benefit,
patients split equally between the two physicians. In each round, the two physicians simulta-
neously decide on their level of medical treatment. Each pair of decisions jointly determines
the physicians’ profit, which depends on the payment system and the number of patients treat-
ed. Experimental conditions systematically vary patient health outcomes and physician incen-
tives. This allows to isolate the effects of competition and, in particular, to control for poten-

tially important factors like patient characteristics and payment systems.

Our assumptions regarding patient behavior serve to reflect the observation that people
choose their doctor largely on the basis of convenience and/or some form of quality (e.g.,
Salisbury, 1989, Dixon et al., 1997, Bigrn and Godager, 2010). Given that quality has several
dimensions, which vary in their degree of observability, our set-up captures situations where a
patient chooses a doctor largely on the basis of observable quality dimensions (see also the
research on public quality reports, e.g. Dranove and Jin, 2010), but also situations where the
patient’s decision is informed by an expert such as a GP acting as a gate-keeper to specialist

services (see e.g. Brekke et al, 2007, Beukers et al, 2014).



The experiment is designed such that a trade-off arises between patient-optimal and profit-
maximal treatment decisions in the absence of competition and that introducing competition
yields a unique theoretical prediction, where both physicians choose the patient-optimal
treatment level. This holds for the stage game and for the finitely repeated game. The theoret-
ical prediction of patient-optimal treatment is robust against introducing altruistic preferences
on the part of the physicians, both for the case of commonly known degrees of altruism and
when a physician’s degree of altruism represents her private information. Theoretically, our
framework leaves no scope for collusive behavior (i.e., deviations from patient optimum to
individual profit maximum). Previous experimental research on finitely repeated games re-
veals that collusion can be still observed (at least for earlier rounds of the interaction; see,
e.g., Potters and Suetens, 2013). Our experiment allows to test whether this result holds also
for our medical decision setting and, if so, whether it depends on patient characteristics and

physician payment.

The paper is organized as follows. In section 2, we describe the experimental design and pro-
cedure. Section 3 presents the theoretical predictions and results, and section 4 includes our

findings. In section 5, we sum up and conclude.

2 Experimental Set-up
2.1 Design

In all experimental conditions with competition, subjects face the following decision situa-
tion: Taking the role of physicians, subjects are randomly and anonymously matched in pairs,
which remain fixed over the 20 rounds of the experiment. In each round, each of the two sub-
jects i in each pair simultaneously and independently decide on the level of medical treatment
g; € Q :={0,1,...,10}, which is then applied to all of her patients in that round.* Any deci-
sion on g; has three effects: It determines the health benefit of patients treated by this physi-
cian, it determines the physician’s profit per patient treated, and it affects the number of pa-
tients treated. Each pair of subjects is faced with four patients who exhibit identical health
characteristics. Patients only differ regarding their mobility: Regular patients always visit the
same subject while undecided patients visit the subject providing the highest patient benefit.
In case of a tie, undecided patients split up evenly. In our set-up, there is one regular patient
assigned to each subject. Accordingly, depending on the treatment choices made by both sub-

jects, a subject treats at least one and at most three patients.

4 The level of medical treatment q can be interpreted as investment in medical equipment (e.g., in new technolo-
gies or in the development of new skills).



For each of our competition conditions we employ a baseline condition without competition
in which each subject in the role of a physician independently decides on the level of medical
treatment for one patient per round.

Profit

For each patient treated, a subject receives a remuneration R(q) and incurs a cost ¢(q)=0.102.5
There are two types of remuneration tested in the experiment — fee-for-service (FFS) and
capitation (CAP). In CAP, each subject receives a lump-sum payment per patient of 10, i.e.
R(q)=10. In FFS, the remuneration increases with the treatment level, i.e. R(q)=2q. Accord-
ingly, a subject’s profit per patient is 10 — 0.1g% in CAP and 2q — 0.1g?% in FFS. Figure 1
illustrates the per-patient profit for both experimental conditions, CAP and FFS. The subject's

total profit is given by the number of patients treated times the per-patient profit, i.e. ©(q) =
n(R(q) — c(q)).

Figure 1: Per-patient profit in CAP and in FFS
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Patient Benefit

Each level of medical treatment g results in a patient benefit B(q). The patient benefit B(-) is
concave, it is characterized by a unique global maximum, and it is mirror-symmetric at this
maximum. The symmetric design of profits and benefits allows to directly compare behavior
between the two symmetric payment systems (i.e., it allows to test whether incentives to un-
derprovide in CAP are equally strong as incentives to overprovide in FFS; see Brosig-Koch et
al., 2015a,b for a similar design). We distinguish two patient types: For patients with a high

severity of illness (H) the patient-optimal level is g* = g = 7. For patients with a low severi-

5> Convex cost functions are used in several theoretical models describing physician behavior (e.g., Ma, 1994, and
Choné and Ma, 2011).



ty of illness (L) the patient-optimal level of medical treatment is g* = q* = 3. The patient-
optimal level serves as a benchmark for identifying the extent of overprovision and underpro-
vision, respectively. The maximum patient benefit is 10 for both patient types. Figure 2 de-

picts the patient benefit for the two patient types H and L.

Figure 2: Patient benefit for H and L
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The patient benefit B(q) is given in monetary terms and is known to subjects. While no sub-
ject takes the role of patients, real patients benefit from the subjects’ treatment decision: the
monetary value of total patient benefit is transferred to an organization (Christoffel Blinden-
mission) funding the medical treatment of patients with eye cataract (see also Section 2.2 be-

low). Subjects are informed accordingly.

2.2 Experimental Protocol

We conducted the computerized experiment at the Essen Laboratory for Experimental Eco-
nomics at the University of Duisburg-Essen, Germany. The experiment was programmed with
z-Tree (Fischbacher, 2007). 178 student participants were recruited using the online recruiting
system ORSEE (Greiner, 2004).° In total, we employed four different competition conditions
and four different no-competition conditions varying the payment system (FFS vs. CAP) and
the patient type (H vs. L). Table 1 provides an overview of the experimental conditions exam-
ined in this study. Matching subjects in pairs in our competition conditions, we generated 12
(11) independent observations per session in these conditions. Of the 178 participants in the

experiment, 96 were male and 82 were female.

5 As Brosig-Koch et al. (2015a, b) do not find qualitatively different responses to CAP and FFS incentives be-
tween medical students and students from other fields, our study is based on a conventional student subject pool.
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Table 1: Participants per experimental conditions

Condition # Participants
CAP_L(NC) 19
. CAP_H(NC) 20
No-competition
FFS_L(NC) 22
FFS_H(NC) 23
CAP_L(C) 24
. CAP_H(C) 24
Competition
FFS_L(C) 22
FFS_H(C) 24

Upon arrival, subjects were randomly assigned to cubicles. Subsequently, the instructions
were handed out and subjects were given sufficient time to read them. Clarifying questions
were answered in private. To check whether subjects understood the set-up, they were given a
set of control questions. The experiment started once all subjects had answered the questions
correctly. At the beginning of each competition condition, subjects were randomly matched in
pairs, which remained fixed over the 20 rounds. A history table summarized all relevant in-
formation on the subjects’ current and past rounds, i.e. the chosen quantities of medical treat-
ment, the benefit per patient treated, the total profit per round, and — for the competition con-
ditions — the number of patients treated by each of the two subjects (for the full set of instruc-

tions, see Appendix A).

Physician profit and patient benefit were given in Taler. As this experiment tests repeated
interaction, each decision round was payoff-relevant. At the end of the experiment, physician
profits and patient benefits were summed up and the amounts in Taler were multiplied with an
exchange factor of 0.05 [0.08] Euro/Taler in the competition [no-competition] conditions. A
session lasted for about 90 [60] minutes. Subjects earned on average Euro 14.84. In total, Eu-
ro 2704 were transferred to the Christoffel Blindenmission. Since eye cataract surgery costs
approximately Euro 30, about 90 real patients could be treated. To ensure a credible transfer,
we randomly selected a subject after the experiment to monitor the transfer procedure. This
subject had to verify that a correct transfer order was sent to the university’s financial depart-
ment. The monitor and experimenter then walked together to the nearest mailbox and deposit-
ed the order in a sealed envelope. The monitor was paid an additional Euro 5 (see, e.g., Hen-

nig-Schmidt et al., 2011, for a similar procedure).



3 Theoretical Predictions and Results

We first examine the decision problem without physician competition. Subsequently, we ad-
dress the case of competition. As it turns out, under competition the theoretical predictions for
our design are robust against different degrees of a physician’s altruism and against introduc-
ing incomplete information about the other physician’s degree of altruism, respectively.

To allow for altruism, let

U(q,a) = (1 — a)n(q) + aB(q)
denote the utility of a physician, who exhibits a degree of altruism a € [0,1] and chooses a
treatment level g € Q = {0,1, ...,10}. Accordingly, a physician maximizes a weighted average
of profit and patient benefit. Recall that profit per patient 7 (q) reads

mP(q) :== 10 — 0.1g> under CAP
wfFS(q) == 2q — 0.1q? under FFS

and that patient benefit is given by

Bi(q) =10—|qt —q|  where q* := 3 underL,
Bf(q) =10—|q" —q|  where g :== 7 under H.

By construction, the experimental design is symmetric in that CAP_L and FFS_L represent
mirror images of FFS_H and CAP_H, respectively, i.e. we have n¢4?(q) = nfFS(10 — q)
and BL(q) = B"(10 — q) forall q € Q.

Absence of competition

In the absence of competition each physician’s number of patients is fixed. Proposition 1 lists
the utility-maximizing levels of treatment for the cases of pure profit maximization (a = 0),

pure altruism (@ = 1), and intermediate altruism (a € (0,1)).

Proposition 1

(@) Let a = 0. In this case, maximizing utility is equivalent to maximizing profit. The profit-
maximizing level of treatment is g“4”: = 0 under CAP and ¢**: = 10 under FFS and, in
both cases, it is independent of the patient’s type (L vs. H). Maximum profit amounts to
7FFS(10) = nC4P(0) = 10.

(b) Let @ = 1. In this case, maximizing utility is equivalent to maximizing patient benefit.
The corresponding patient-optimal level of treatment is given by g* = g* under L and by

q* = ¢ under H. This holds independently of the payment system (CAP vs. FFS).



(c) Let a € (0,1) and suppose ¢“4? (a) and gFF* (a) maximize physician utility under CAP

and FFS, respectively. Then we have
q“4*(@) €[0,g°]nQ and ¢"™*(a) € [q",10]1NQ,

where g* = g% under L and ¢* = ¢ under H.

Proof: See Appendix B.

Comparing the profit-maximizing quantities in part (a) with the patient-optimal level of
treatment in part (b), a trade-off arises between maximizing physician profit and maximizing
patient benefit. This trade-off is more pronounced in conditions FFS_L and CAP_H (and less
so in FFS_H and CAP_L). Correspondingly, the set of treatment decisions compatible with an
altruistic physician maximizing a weighted average of per-patient profit and patient benefit is
larger in FFS_L and CAP_H thanitisin FFS_H and CAP_L.

Competition

In our experiment, a physician’s total profit additionally depends on the number of patients
treated, which in turn is jointly determined by the choice (g, q,) of the two physicians. Cor-
respondingly, we set
71 (q1, q2) = n(q1, 92) 7(q4),
m2(q1,q2) = (4’ —n(qq, CIz))”(Qz)’
where

1 ifB(q1) < B(q2)
n(q1,q2) =42 ifB(q1) = B(q2)
3 ifB(q1) > B(q2)

represents the number of patients treated by physician 1 and where rt(q;) denotes the profit

per patient of a physician choosing gq;.

Total patient benefit depends on the number of patients treated as well. We set

B1(q1,92) = n(q1,q2) B(q1)
B,(q1,92) = (4 — n(q1,92))B(q2).

As before, profit per patient and hence total profit depend on the payment system (CAP vs.
FFS) whereas patient benefit depends on the patient type (L vs. H).

To allow for altruistic preferences, let @ = (a, a,) € [0,1]? denote the degree of altruism of
physicians 1 and 2. Each physician is assumed to maximize utility, which represents a

weighted average of total profit and total patient benefit, i.e.
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U1(q1,92; 1) = (1 — a)m1(q1, q2) + a1B1(q1, q2),
Uz(q1,q2; @2) = (1 — ax)m2(q1, q2) + a2B,(q1, q2),

All this is assumed to be common knowledge among physicians. Proposition 2 identifies the
Nash equilibrium of this stage game for each of the experimental conditions. In particular, we
show that, independently of the payment system, each physician chooses the patient-optimal
level of treatment in equilibrium. The proof of proposition 2 is instructive in that it shows that
our experimental design is robust against introducing incomplete information about each other

physicians’ degree of altruism. The analysis is restricted to pure strategy Nash equilibria.

Proposition 2

Let (ay,a;) € [0,1]2. Then the unique Nash equilibrium is given by (q5,q5) = (g%, q%),
where g* represents the patients’ optimal treatment level, i.e. ¢* = qX = 3 under L and g* =
g™ = 7 under H. In equilibrium, patient benefit equals 10 per patient in all four experimental
conditions, total profit is 10.2 in FFS_L and CAP_H, and it is 18.2 in FFS_H and CAP_L.

Moreover, the Nash equilibrium is strict.

Proof: By symmetry of the experimental designs FFS_L and CAP_H and of FFS_H and
CAP_L, we may w.l.0.g. restrict attention to the experimental conditions FFS_L and FFS_H.
It suffices to show that, for any degree of altruism a; € [0,1], physician 1 maximizes utility
by choosing g*, given that physician 2 picks the equilibrium level of treatment g*. To this
end, let g; # q” denote an alternative treatment level of physician 1. Then, a similar argument
applies to physician 2.

Consider the experimental condition FFS_L, i.e. we have ¢* = g% = 3. Define
A(qy,a1):= Ui(q",q"; 1) — U1(q1, 975 aq).

First, if a; = 0 then U;(q*, q*;0) = 2n™5(3) = 10.2 and U,(q4,q*;0) = n(q,) < n(10) =
10 and hence A(q,,0) > 0 for all g; # q*. Second, if a; = 1thenU;(q% q*;1) = 2B(q*) =
20 and U;(q1,9%;1) = B(q,) <9 and hence A(q,,1) > 0 for all g, # q*. Finally, for any
a, € (0,1), we obtain U;(q%,q%; @;) = 10.2 and gli:l;(* U,(q1,9%; ;) < 10. It therefore fol-

lows that A(qq, ;) > 0 for all g; # q* and all a; € (0,1). Thus, (g%, q") represents a strict
Nash equilibrium under FFS_L for all (a4, a,) € [0,1]2.

A similar argument shows that (¢*, q*) = (7,7) constitutes a Nash equilibrium under FFS_H.

Uniqueness of the equilibrium is shown in Appendix B. m
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Since the stage game is repeated a finite number of times, its unique subgame perfect equilib-
rium (SPE) involves repeated play of the stage game equilibrium, i.e., on the equilibrium path,
the SPE actions coincide with the patient-optimal treatment decisions. Theoretically, our
framework leaves no scope for collusion. Based on previous experimental evidence on finitely
repeated games, however, collusion is to be expected for the earlier rounds of the interaction

(see, e.g., Potters and Suetens, 2013).

Typically, the payoff-related key determinants of cooperative/collusive behavior are consid-
ered to be (1) the short-run gain from breaking a cooperative/collusive agreement and (2) the
long-run loss from the collapse of future cooperation. Figure 3 illustrates these key determi-
nants for conditions FFS_L and FFS_H, respectively. It can be seen that the long-run loss (2)
from a collapse of collusion is larger in FFS_L than it is in FFS_H while the short-run gain
(1) from breaking the collusive agreement coincides for the two experimental conditions.
Therefore, if at all, more collusion should be expected in FFS_L than in FFS_H. Exploiting
the symmetry between CAP and FFS, a similar argument demonstrates that more collusion
should be expected in CAP_H than in CAP_L.

Figure 3: Incentives for collusion for patient type L and for patient type H in FFS
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4 Experimental Results
4.1 First Round Behavior

We start with examining treatment decisions observed in round 1 in the no-competition condi-
tions as, in this round, behavior is not yet affected by learning or experience. We then com-
pare these decisions with those made in round 1 in the competition conditions. Our analysis
focuses on subjects' deviations from the patient-optimal treatment level. The lower this devia-
tion is (in absolute terms), the more patients profit from medical treatment. Figure 4 summa-
rizes average deviations from the patient optimum observed in the competition and no-

competition conditions.

Figure 4: Average deviation from patient-optimal treatment level
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Without competition, we find overprovision in FFS and underprovision in CAP, which is sig-
nificant for FFS L(NC) and CAP_H(NC) (p<0.001), but not significant for FFS H(NC) and
CAP L(NC) (p>0.250)." Observed deviations significantly depend on the patient type
(p<0.001). The less the patient-optimal treatment level deviates from the profit maximum, the
lower is the deviation from this level. As payment systems CAP and FFS as well as benefits
for patients L and H represent mirror images of each other, we can directly compare behavior
between the two payment systems. In line with incentive symmetry, the payment system has
no significant effect on treatment decisions (i.e., in absolute terms, average deviations from

patient-optimal treatment do not differ significantly from each other; p>0.467).

Comparing average deviations from patient-optimal treatment between the competition and
the no-competition conditions, we observe significantly lower deviations in conditions
CAP_L, CAP_H, and FFS_L (p<0.039)8. Thus, competition weakens the distortive effects
resulting from capitation and fee-for-service incentives. But even with competition, overpro-
vision in FFS_L(C) and underprovision CAP_H(C) are still significant (p<0.005).

Also with competition, average deviations from patient-optimal treatment significantly de-
pend on the patient type (CAP_L(C) vs. CAP_H(C), FFS_L(C) vs. FFS_H(C); p<0.005). Alt-
hough incentives are symmetric in CAP_H(C) and FFS_L(C), we observe weakly significant-
ly different treatment decisions in the two conditions (p=0.058). There is no significant differ-
ence between CAP_L(C) and FFS_H(C) (p=0.772). The payment system seems to somewhat

affect behavior with competition, but only if incentives for collusion are large enough.

4.2 Behavior in Later Rounds

Figure 5 displays the development of average deviations from the patient optimum with com-
petition (lines with triangle) and without competition (lines with circle). To make behavior in
the two symmetric payment conditions directly comparable, we use adjusted average devia-
tions in this figure. Adjustments are made such that individual deviations from patient opti-
mum leading to an increase of individual profits are always given a positive sign and individ-
ual deviations leading to a decrease of individual profits (i.e., inferior decisions) are always
given a negative sign. Due to this adjustment, both underprovision in CAP and overprovision

in FFS have a positive sign in Figure 5.

" We apply non-parametric tests to the respective averages. For between-subject analyses, we employ exact
Mann-Whitney U tests. For within-subject analyses we apply exact Wilcoxon matched-pairs signed rank tests.
When comparing decisions with predicted treatment levels, we use one-sample Wilcoxon signed rank tests.
Throughout the paper, p-values are reported from two-sided tests.

& Note that the effect of competition in CAP_L is still significant, when excluding the few subjects who choose
to overprovide in the first round of this condition (p=0.018).

13



Figure 5: Dynamics of the (adjusted) average deviation from patient optimum
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In the absence of competition we observe quite stable treatment choices in all conditions over
the 20 rounds. With competition, average deviations from patient-optimal treatment remain
close to zero in FFS_H and CAP_L. In both conditions, 90.1 percent (FFS_H) and 85.8 per-
cent (CAP_L) of the decisions per pair are patient-optimal.® Deviations in condition
CAP_H(C) seem to converge only slowly to the patient optimum, while there seems to be
even an increase of deviations in FFS_L(C). Nevertheless, the frequency of patient-optimal
treatment per pair is not significantly different between the two conditions (41.7 percent
CAP_H, 44.1 percent FFS_L; p=0.916 over all rounds; p>0.100 for each round). In both,
FFS_L and CAP_H, we observe a (weakly) significant deviation from patient optimum even

in the last round (p<0.084). Still, after round 1, in all conditions with competition, average

° The difference between the two treatments is not statistically significant (p=0.360).

14



deviations are significantly lower than in the respective conditions without competition

(p<0.030 over all rounds; p>0.100 for at least 75 percent of the rounds per condition).

We estimate a panel data model with random effects and clusters at the group level for our
competition conditions, defining the adjusted deviation from the patient optimum as depend-
ent variable (see Table 2). To capture both, effects of the experimental condition and dynam-
ics over time, we consider as independent variables (i) the round, which represents the round
of play; (ii) three dummy variables with value 1 for conditions CAP_H, FFS_L, and FFS_H,
respectively, while CAP_L serves as baseline; (iii) the interaction of condition and round to
disentangle payment system and patient type specific effects of dynamics (CAP_H x round,
FFS_L x round, FFS_H x round); and (iv) personal characteristics which are elicited by a
questionnaire after the experiment. Personal characteristics incorporate a dummy variable for
gender, which is 1 for male and 0 for female, and field of study with the dummy econ taking
the value 1 for economics students and O for students of other fields. Both characteristics
might be related to selfish behavior (e.g., Brosig-Koch et al., 2011, Carter and Irons, 1991,
Croson and Gneezy, 2009).

Table 2: Panel data estimation of adjusted deviation from patient optimum

Round 0.003 (0.011)
CAP_H 1.503*** (0.463)
FFS_L 1.266*** (0.473)
FFS_H 0.243 (0.463)
CAP_H x round -0.036** (0.016)
FFS_L x round 0.063*** (0.016)
FFS_H x round -0.016 (0.016)
Male 0.012 (0.091)
Econ 0.056 (0.098)
Constant 0.080 (0.332)
Groups, N 47, 1880

R-sq (overall) 0.180

Cluster-robust standard errors in parentheses.

* Significant at the 10% level.
** Significant at the 5% level.
*** Significant at the 1% level.

The estimation confirms our previous results. We find that subjects deviate significantly more
from patient-optimal treatment in conditions CAP_H and FFS_L than in the benchmark con-
dition CAP_L. As expected from Figure 5, behavior in CAP_L and FFS_H does not differ
significantly. We also find a general decreasing trend of deviations for CAP_H and an in-
creasing trend for FFS_L, as the interaction terms of condition and round indicates. We do not

find a significant effect of personal characteristics like gender and field of study.
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4.3 Tacit Collusion

We now analyze behavior at a less aggregated level and focus on pairwise choices made in
the competition conditions. We particularly focus on incidences of tacit collusion and distin-
guish between full collusion, coordination as well as attempts of full collusion, and attempts
of coordination. Full collusion occurs if both subjects choose the profit-maximal treatment
level g=10 (in FFS_L and FFS_H) or g=0 (in CAP_H and CAP_L). Coordination covers all
pairwise equal deviation choices between the patient-optimal treatment level and the full col-
lusion treatment level (i.e., both subjects deviate by 1, 2, 3, 4, 5, or 6 quantities, respectively,
in FFS_L and CAP_H, and both deviate by 1 or 2 quantities, respectively, in FFS_H and
CAP_L.). Attempts of full collusion / coordination relate to individual one-sided deviations
from the patient-optimal treatment level. The observed frequencies of respective choices are
summarized in Table 3. Overall, collusive behavior is rather rarely observed in our experi-
ment. In each of the conditions CAP_L, CAP_H, and FFS_H full collusion occurs in less than
three out of 240 cases. In FFS_L we observe full collusion in 21 cases, albeit concentrated in
three pairs of subjects. In CAP_H and FFS_L a considerable number of subjects tries to fully

collude or to coordinate but, particularly in CAP_H, often fails to do so.

Table 3: Absolute frequency of full collusion, coordination, and attempts of collusion

Condition # # Pair # Full # Coordi- # Attempts of  # Attempts of
Rounds Decisions Collusion nation full collusion coordination
CAP_ L 20 240 0 (0.0 0 (0.0 2 (0.4) 13 (2.7)
CAP H 20 240 2 (0.8) 14 (5.8) 23 (4.8) 72 (15.0)
FFS L 20 220 21 (9.5) 11 (5.0 39 (8.9) 40 (9.1)
FFS H 20 240 1 (0.4) 0 (0.0 8 (1.7) 13 (2.7)
FS 15* 255 31 (12.2) 49 (19.2) 38 (7.45) 211 (41.4)

Note: Relative frequency in parentheses.
*Duration is not known to the subjects (they only knew that there would be a “large number” of rounds, p.117)

Table 3 also includes data obtained in a somewhat related Bertrand competition experiment
run by Fouraker und Siegel (1963, FS). Bertrand competition is related to our setting as both
are modeled as games of strategic complements. In their experiment, FS test whether repeated
price competition between two sellers leads to competitive outcomes. To compare the incen-
tives for tacit collision in FS’s experimental set-up to those in our experiment, we apply the
Friedman Index (see Friedman, 1971). This index is calculated as the difference between the
profit in case of full collusion and the equilibrium profit (i.e., the potential gain from full col-
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lusion) divided by the difference between the maximum profit from unilateral defection and
the profit from full collusion (i.e., the potential gain from defection). The higher the index is
the higher is the monetary incentive to tacitly collude. We find that the index for FS (0.767) is
higher than that for CAP_L and FFS_H (0.186), but lower than that for CAP_H and FFS L
(1.010). Irrespective of that, we observe a higher share of fully collusive outcomes, a higher
share of coordinated outcomes, and a higher share of coordination attempts in FS than in any
one of our four conditions. Possibly, collusive behavior in a medical service provision setting
is not as frequent as in a conventional price competition setting. However, the comparison has
to be interpreted with care as there are other differences in design that that might have affect-
ed the share of collusive decisions in FS (e.g., in their experiment subjects were not informed
about the exact number of rounds to be played).

Next we turn to the determinants of treatment choices. We particularly investigate how indi-
vidual characteristics and past experiences influence actual behavior. We regress the maxi-
mum profit treatment level and the patient-optimal treatment level on behavior in the previous
round t-1, respectively. L1.collusion is an indicator variable that takes the value 1 if both sub-
jects chose the profit maximum in the previous round. The dummy L1.attempt_collusion_j
equals 1 if only the opponent chose the profit maximum and potentially signaled his willing-
ness to collude. L1.patient_optimum captures the patient-optimal treatment choice of both
subjects in the previous round. The impact of the case that only the opponent chose the patient
optimum is given by the regressor L1.attempt_patient_optimum_j. As the frequencies includ-
ed in Table 3 suggest considerable differences between conditions, we also control for condi-
tion effects (CAP_H, FFS_L, FFS_H) and personal characteristics with the dummy variables

male and econ.

Regression (1) in Table 4 shows the impact of previous behavior on the likelihood of choos-
ing the profit maximal treatment level. Full collusion in t-1 significantly increases the likeli-
hood of maintaining the profit maximal treatment level. However, a unilateral choice of the
profit maximal treatment level by the opponent does not significantly influence a subject’s
willingness to choose this level. Furthermore, mutual choices of the patient-optimal treatment
level in the past round significantly reduce the likelihood of choosing the profit maximal
treatment level. Interestingly, in case of a unilateral choice of the patient optimum by the op-
ponent, the likelihood of choosing the profit maximal treatment level significantly increases.
Possibly, subjects signaling to reach a collusive outcome tend to strengthen their signal in
case they observed a patient-optimal choice by the opponent. The regression also reveals a
significant influence of payment incentives: In conditions CAP_H and FFS_L (in which the
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long-run loss from a collapse of collusion is high compared to the short-term gain of defec-
tion) the likelihood of choosing the profit maximal treatment level significantly increases.

Gender and field of study have no significant effect.

Table 4: Panel probit analysis on (1) maximum profit treatment level and (2) patient-optimal
treatment level, clustered at the pair level

(1) Maximum profit level (2) Patient-optimal treatment level

L1.collusion 1.287*** (0.256) -0.973*** (0.269)
L1.attempt_collusion_j 0.294 (0.211) 0.083 (0.174)
L1.patient_optimum -0.496*** (0.177) 1.094*** (0.105)
L1.attempt_patient_optimum_j 0.386** (0.163) 0.119 (0.118)
CAP_H 0.820** (0.373) -1.112%** (0.228)
FFS_L 1.380*** (0.370) -1.165*** (0.233)
FFS_H 0.510 (0.384) -0.156 (0.237)
Male 0.121 (0.152) 0.082 (0.100)
Econ -0.160 (0.158) -0.074 (0.108)
Constant -2.641%** (0.380) 1.001*** (0.204)
Groups, N 47,1880 47,1880

Rho 0.1622 0.1512

Log Likelihood -282.608 -649.844

@ Significant at the 1% level using LR test.

* Significant at the 10% level.

** Significant at the 5% level.

*** Significant at the 1% level.

Cluster-robust standard errors in parentheses.

Regression (2) analyzes the impact of previous behavior on the likelihood of choosing the
patient-optimal treatment level. As expected and in line with previous results, this regression
shows that full collusion in the previous round reduces the likelihood of treating patients op-
timally. Accordingly, mutual choices of the patient optimum increase the likelihood of choos-
ing the patient-optimal treatment. In conditions in which incentives for collusion are high
(CAP_H and FFS_L) the likelihood of choosing the patient-optimal treatment level signifi-

cantly decreases.

5 Conclusion

In this study, we use a controlled laboratory experiment to investigate how competition in
medical service provision affects patient outcomes. In line with the predictions of a model
developed as a theoretical benchmark for this study, competition reduces the distortive impact
of capitation and fee-for-service payment. Without competition we find underprovision with
capitation payment and overprovision with fee-for-service payment, though less pronounced
than predicted with pure profit maximization. Observed behavioral patterns are consistent

with an average degree of physician altruism a € [0,1]. Thus, our results on conditions with-
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out competition are in line with previous experimental evidence on physician payment (e.g.,
Hennig-Schmidt et al., 2011, Godager and Wiesen, 2013, Brosig-Koch et al., 2015a,b).

With competition the deviations from patient-optimal treatment are lower than without com-
petition. But even with finitely repeated competition, treatment choices still deviate from the
patient optimum. Observed deviations depend on both, patient characteristics and physician
payment. Deviations are higher for patients in need of a high level of medical treatment under
capitation and for patients in need of a low level of medical treatment under fee-for-service.
Moreover, deviations from patient-optimal treatment seem to be somewhat higher with fee-
for-service than with capitation payment - though, the two payment systems are symmetrical-
ly designed in our experiment. Possibly, under competitive pressure subjects perceive deviat-
ing from the patient optimum by providing too many medical services (which increases indi-
vidual profit under fee-for-service) less badly than by providing too little (which increases

profits under capitation).

Repeated competition seems to foster tacit collusion only when the long-run loss of a collapse
of cooperation is high compared to the short-term gain of defection. Interestingly, deviations
from patient-optimal treatment even increase with repetition under fee-for-service payment
(while they decrease with repetition under capitation). Nevertheless, the degree of tacit collu-
sion observed in our study seems to be rather low compared to what is typically observed in
related price competition experiments. Apparently, medical service provision might be less
prone to tacit collusion than decisions made in classical Bertrand environments. As such our
controlled laboratory experiment provides support for the supposition that provider competi-

tion can have positive effects on patient health outcomes.
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Appendix A: Instructions + Comprehension Questions (Competition Conditions)

Welcome to the Experiment!

Preface

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 participants. 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 minutes. All
participants receive the same instructions.

Please read the following instructions carefully. We will approach you in about five minutes to answer
any questions you may have. If you have questions at any time during the 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 a patient. 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 con-
sist 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. That is, all patients in
this round will be treated with the identical quantity determined by you. 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 med-
ical service yields a 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. 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
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 the undecided patients.

e They get 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 They get the treatment from the other physician if his medical treatment leads to a higher ben-

efit than your treatment.
o If both patients receive the same benefit, they will split equally between both physicians.

You and the other physician independently decide on the number of medical services for all patients.
In particular, the number of medical services you provide applies to all of your patients. The patients
who had been undecided so far will then be assigned to a physician according the benefit they receive.
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Profit

In each round you receive a fee-for-service (capitation) remuneration for treating the patients. Your
remuneration increases with the amount of medical treatment (is irrespective of the amount of medical
treatment) you provide. You also incur costs for treating the patients, which likewise depend on the
guantity of services you provide. Your profit per patient treated is calculated by subtracting these costs
from the fee-for-service (capitation) remuneration. Your total profit for each round is then the profit
per patient multiplied with the number of patients 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
regular patients and the number of patients which are undecided. You also receive information on the
amount of your fee-for-service (capitation) remuneration per patient and — for each possible amount of
medical treatment — your costs, profit as well as the benefit for the patients.

Round of

Number of your regular patients: @J

Number of regular patients of the other physican:
Caicatator
Number of undecided patients

Quantity of medical treatment Your fee-for service payment per patient Your costs per patient Your profit per patient Benefit of the patient
per patient (in Taler) ler) (in Taler) (in Taler)

Which quantity of medical treatment do you want to provide?

Your decision:

Y

Quantity of medical woatment Your capitation payment per patient Your costs por patient Your profit per patient Bonefit of the patient
per patient (in Taler) (in Taler) (in Taler) (in Taler)

Which quantity of medical treatment do you want to provide per patient?

Your decision:
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After each round you will receive information on your screen (see above) about your decision, the
number of medical services provided by the other physician, as well as the resulting number of pa-
tients treated by each physician. Furthermore, this information will be displayed for all previous
rounds.

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 organization which funds the
treatment of patients with eye cataract.

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 5 Euro 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 familiarize yourself with the decision situations. If you have any questions about
this, please raise your hand. The experiment will begin once all participants have answered the com-
prehension questions correctly.
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Comprehension Questions: CAP_L (FFS_L)

Number of your regular patients: 1

Number of regular patients of the other physician: 1

Number of undecided patients: 2

Quantity of medical Capitation Costs per patient Profit per patient Benefit of the patient
treatment per patient (Fee-for-service) per (in Taler) (in Taler) (in Taler)
patient
(in Taler)

0 20.00 (0.00) 0.00 20.00 (0.00) 14.00
1 20.00 (4.00) 0.20 19.80 (3.80) 16.00
2 20.00 (8.00) 0.80 19.20 (7.20) 18.00
3 20.00 (12.00) 1.80 18.20 (10.20) 20.00
4 20.00 (16.00) 3.20 16.80 (12.80) 18.00
5 20.00 (20.00) 5.00 15.00 (15.00) 16.00
6 20.00 (24.00) 7.20 12.80 (16.80) 14.00
7 20.00 (28.00) 9.80 10.20 (18.20) 12.00
8 20.00 (32.00) 12.80 7.20 (19.20) 10.00
9 20.00 (36.00) 16.20 3.80 (19.80) 8.00
10 20.00 (40.00) 20.00 0.00 (20.00) 6.00

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

ed above.

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

1 b) What are the costs per patient?

1 ¢) What is the profit per patient?

1 d) What is the patient benefit per patient?

2. Assume that a physician wants to provide 9 quantities of medical treatment for the patients depict-
ed above. The other physician wants to provide 2 quantities of medical treatment for these pa-

tients.

2 a) How many regular patients would you treat?

2 b) How many undecided patients would you treat?

2 ¢) How many patients would you treat in total?

2 d) What is your total profit?
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Comprehension Questions: CAP_H (FFS_H)

Number of your regular patients: 1

Number of regular patients of the other physician: 1

Number of undecided patients: 2

Quantity of medical Capitation Costs per patient Profit per patient Benefit of the patient
treatment per patient (Fee-for-service) per (in Taler) (in Taler) (in Taler)
patient
(in Taler)
0 20.00 (0.00) 0.00 20.00 (0.00) 6.00
1 20.00 (4.00) 0.20 19.80 (3.80) 8.00
2 20.00 (8.00) 0.80 19.20 (7.20) 10.00
3 20.00 (12.00) 1.80 18.20 (10.20) 12.00
4 20.00 (16.00) 3.20 16.80 (12.80) 14.00
5 20.00 (20.00) 5.00 15.00 (15.00) 16.00
6 20.00 (24.00) 7.20 12.80 (16.80) 18.00
7 20.00 (28.00) 9.80 10.20 (18.20) 20.00
8 20.00 (32.00) 12.80 7.20 (19.20) 18.00
9 20.00 (36.00) 16.20 3.80 (19.80) 16.00
10 20.00 (40.00) 20.00 0.00 (20.00) 14.00

1. Assume that a physician wants to provide 2 quantities of medical treatment for the patients de-

picted above.

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

1 b) What are the costs per patient?

1 ¢) What is the profit per patient?

1 d) What is the patient benefit per patient?

2. Assume that a physician wants to provide 2 quantities of medical treatment for the patients de-
picted above. The other physician wants to provide 9 quantities of medical treatment for these pa-

tients.

2 a) How many regular patients would you treat?

2 b) How many undecided patients would you treat?

2 ¢) How many patients would you treat in total?

2 d) What is your total profit?
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Appendix B: Equilibrium Analysis

Proof of Proposition 1:

Part (a): That g“4F = 0 maximizes 4P (q) is obvious. Rewriting ©F55(q) as n755(q) =
(100 — (g — 10)2)/10, it also becomes evident that gFFS = 10 maximizes 7755 (q).

Part (b): The claim immediately follows from the definition of patient benefit.

Part (c): Let a € (0,1) be arbitrary. Consider experimental condition CAP first. Suppose to
the contrary that
q € argmax ey (1 - W (q) + aB(q"),

but g > g*. Then n¢P(q—1) >n*(q) and B(q —1) > B(q) imply U(qg—1,a) >
U(q, a), which contradicts the optimality of q.

Second, consider experimental condition FFS and suppose that
q € argmaxreq (1 - )n"™S(q") + aB(q),

but g < q*. Then ©f(qg + 1) > nfF(q) and B(q + 1) > B(q) , which together imply
U(q +1,a) > U(q, @) in contradiction to the optimality of q. m

Proof of Proposition 2:

It remains to be shown that (g%, g*) represents a unique Nash equilibrium of the stage game.
Without loss of generality, we can restrict attention to experimental condition FFS. We show
(1) that no other symmetric Nash equilibrium exists and (2) that no asymmetric equilibrium
exists either.

Ad (1): Let (g, q) represent a Nash equilibrium such that g # q*. If g < g thengq, = q + 1
entails B(q +1) > B(q) and hence n(q+1,q) >n(q,q) . Therefore, nfFS(q+1) >
wFFS(q) implies U, (q + 1,q; ;) > U,(q, q; a;) for any a; € [0,1]. Thus, (g, g) cannot rep-
resent a Nash equilibrium for g < q*.

On the other hand, if ¢ > q* then g, = g — 1 entails B(q — 1) > B(q), which implies that
(g, q) does not represent an equilibrium for @; = 1. Moreover, it follows thatn(q — 1,q) =
3>n(q,q) =2, but also wfFS(q — 1) < nfFS(q). Notice, however, that m,(q —1,q9) =
3nfFS(q — 1) > m(q,q) = 2rF55(q). To show this, we set

1
A(q) = 3nfF5(q — 1) — 2055 (q) = o (—q* + 26q — 63).
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Since A(q) is strictly increasing on Q, it follows from g > g* > 3 that A(q) > A(3) =
6/10 > 0, i.e. we have T, (q — 1,q) > m,(q, q) and thus (g, q) does not represent an equilib-
rium for a; = 0. Combined with B(q —1) > B(q) this implies that U;(q — 1,q; a;) >
U:(q,q; «y) for any a; € (0,1), since physician 1’s utility is linear in a;. Thus, (g, q) cannot

represent a Nash equilibrium for g > g~ either.

Ad (2): Let (q4,q2) represent a Nash equilibrium such that q; # g,. First, observe that g; =
q* or g, = q* cannot be part of an asymmetric equilibrium since (q*, g*) represents a strict
Nash equilibrium.

Second, suppose q; # q* and g, # q*. Without loss of generality, let q; < g,. If g; < q” then
physician 1 can increase utility by choosing g* instead. To see this, notice that B(q*) >
B(q,),n(q* q2) = n(qq,q,), and TFF5(q*) > nfFS(q,). It thus follows that U, (q*, q5; ay) >
U,(qq,95; a,) forany a; € [0,1] in contradiction to (g4, q,) representing a Nash equilibrium.
On the other hand, if g; > g, then physician 2 can increase utility by choosing g, — 1 in-
stead. To see this, observe first that patient benefit strictly increases, B(q; — 1) > B(q,).
Hence, (g, q) does not represent an equilibrium for a, = 1. Secondly, this implies n(q4, q; —
1) = 1 whereas n(q4, q,) = 3, i.e. physician 2 attracts two additional patients. What is more,

exploiting the strictly positive monotonicity of 7% (q) reveals this deviation to be profitable:

m,(q1,q1 — 1) = 31755 (qy — 1) = 3n75(q*) = 3n"35(3) = 15.3
> 10 = nf55(10) = 7755 (q,) = m,(q4, q2).
Therefore, (q, g) does not represent a Nash equilibrium for a, = 0. Since physician 2’s utility

is linear in a,, it hence follows that U,(qq,q1 — 1; @3) > Uy(q4, q2; a3) for any a, € (0,1).

Thus, (g4, q2) cannot represent a Nash equilibrium for g; > g* either. m
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