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Monitoring institutions in health care markets: Experimental evidence

Silvia Angerer®, Daniela Glitzle-Riitzler®, and Christian Waibel

Abstract: This paper investigates the impact of monitoring institutions on market outcomes in health
care. Health care markets are characterized by asymmetric information. Physicians have an
information advantage over patients with respect to the appropriate treatment for the patient and may
exploit this informational advantage by over- and underprovision as well as by overcharging. We
introduce two types of costly monitoring, endogenous and exogenous. When monitoring detects
misbehavior, physicians have to pay a fine. Endogenous monitoring can be requested by patients,
whereas exogenous monitoring is performed randomly by a third party. We present a toy model that
enables us to derive hypotheses and to test them in a laboratory experiment. Our results show that
introducing endogenous monitoring reduces the level of undertreatment and overcharging. Even under
high monitoring costs, the threat of patient monitoring is sufficient to discipline physicians.
Introducing exogenous monitoring also reduces undertreatment and overcharging when it is performed
sufficiently frequently. Market efficiency increases when endogenous monitoring is introduced as well
as when exogenous monitoring is implemented with sufficient frequency. Our results, therefore,

suggest that monitoring may be a feasible instrument to improve outcomes in health care markets.
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1. Introduction

A key characteristic of health care markets is information asymmetry between patients and
physicians. Patients consult physicians to receive treatment without knowing what type of treatment
they need to cure their illness. When diagnosing patients, physicians learn the true disease and may
exploit their informational advantage over patients through three forms of misbehavior: providing
more treatment than necessary (overtreatment), charging for more treatment than provided
(overcharging), and providing less treatment than necessary (undertreatment). Patients must trust that
their physician is providing them with appropriate treatment; as a result, health services are often
referred to as credence goods (Darby and Karni, 1973; Dulleck and Kerschbamer, 2006). Empirical
evidence has documented physicians’ reactions to financial incentives, suggesting that over- and
undertreatment as well as overcharging are a prevalent phenomenon (Brownlee, 2010; Clemens and
Gottlieb, 2014; Dafny, 2005; Jiirges and Kdberlein, 2015; Pasero and McCaffery, 2001; Reif et al.,
2018; Silverman and Skinner, 2004). Recent field experiments support this empirical evidence (Currie
et al., 2014; Currie et al., 2011; Das and Hammer, 2007; Das et al., 2016; Gottschalk et al., 2019).

In this paper, we investigate whether the monitoring of physicians can help reduce mistreatment
in health care by using the credence goods model introduced by Dulleck and Kerschbamer (2006) to
causally assess the effect of monitoring institutions on market outcomes. Interactions in health care
markets frequently take place without enforceable institutions for patients. Treatments are often not
verifiable by patients because they cannot directly observe the treatment — e.g., during a surgical
operation — or because they do not know what kind of treatment the physician actually provides.
Although physicians are liable for the treatment they apply, most patients do not consider retribution
through the courts because they lack expert knowledge, and many lawsuits against experts fail (Hilger,
2016). For this reason, we use a credence goods market without institutions as our baseline condition.
Introducing a monitoring institution allows patients to restore the physician’s liability under such
conditions. Monitoring induces costs for reviewing physicians’ charging and treatment decision and
incorporates a fine in case physician misbehavior is revealed.

The monitoring of physicians’ treatment decisions has begun to attract more attention over the
past two decades. Patients increasingly seek monitoring by patient protection agencies (see, e.g.,
Furrow, 2011); we also observe more monitoring by government institutions. The German
government, for example, runs the “Medical Service of Health Insurers”, which reviews and enforces
physicians’ treatment and charging behavior. The probability of monitoring by government institutions
roughly amounts to 5-15% of all inpatient cases in hospitals and has increased in the last year
according to surveys conducted by the German Institut of Hospitals (Deutsches Krankenhausinstitut)
(Blum et al, 2017, Blum et al, 2018; Blum et al, 2019; Medizinischer Dienst der
Krankenversicherung, 2019).

We take account of these developments by implementing monitoring through a costly review of

physicians’ treatment decisions. This monitoring may be requested by a patient — which we will refer
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to as “endogenous monitoring” — or randomly performed by a third party — which we will refer to as
“exogenous monitoring”. If a physician deviates from the appropriate behavior, a financial penalty is
imposed on the physician. We vary the conditions' between no monitoring, endogenous monitoring,
and exogenous monitoring with different probabilities of a review that are common knowledge (65%,
35%, and 10%). We further report the results from four control conditions.

In line with our predictions, our regression analysis shows that monitoring is an effective method
for reducing physician misbehavior when such monitoring is either endogenous or exogenous and
sufficiently likely. Endogenous monitoring and exogenous monitoring with a monitoring probability
of at least 35% both reduce the level of undertreatment and overcharging significantly compared to no
monitoring. Efficiency, measured as the sum of patient and physician surplus, increases for
endogenous monitoring as well as for exogenous monitoring of at least 35% compared to no
monitoring. The results remain robust when we increase the costs of monitoring as well as when we
relax the assumption that monitoring can perfectly verify physicians’ behavior.

Our paper contributes to the existing literature by providing a systematic investigation into
whether monitoring helps to overcome expert misbehavior. In contrast to field data, our laboratory
experiment does not take into account all factors of a physician-patient relationship. However, the
controlled environment provides the advantage to observe the patient’s “true” disease. Therefore, we
can unambiguously identify physicians’ misbehavior. Our experiment further holds the market
environment constant, enabling us to causally identify the effect of monitoring on market outcomes.
Moreover, the laboratory experiment permits variations of the type of monitoring that is introduced
between endogenous and exogenous monitoring without putting the health of real-world patients at

risk.

1.1. Related literature

Three strands of literature relate to our paper: the literature on institutions in credence goods
markets, the literature on health economic experiments, and the literature on monitoring.

Institutions in credence goods markets: Darby and Karni (1973) introduce the notion of
credence goods in their seminal paper. Dulleck and Kerschbamer (2006) provide a unifying theoretical
framework and investigate how different institutions shape outcomes in credence goods markets. The
authors show that both experts’ liability for insufficient treatment and the verifiability of treatment are
sufficient to ensure efficient market outcomes. Dulleck et al. (2011) test these predictions in a large-
scale laboratory experiment. The authors show that sellers’ liability for the sufficiency of their
treatments significantly improves market outcomes compared to a market without institutions, whereas
the verifiability of the treatment does not. Dulleck et al. (2011) introduce liability in their experiment

by restricting the action space of experts. Experts can only provide sufficient treatment for customers

"' We will refer to the experimental variations as “conditions” and to physician treatment as “treatment”.
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with a major problem. The authors therefore implement liablity in the experiment by excluding the
possibility of for experts to undertreat. However, in the real world, misbehavior often first hast to be
verified in order to hold experts liable. This is, why we do not restrict the physicians’ action space and
therefore allow any type of misbehavior in all conditions. We test the influence of liability on the
frequency of physician misbehavior by introducing endogenous and exogenous monitoring
institutions. To the best of our knowledge our paper is one of the first papers applying the theoretical
framework of Dulleck and Kerschbamer (2006) and Dulleck ef al. (2011) to the health care market and
therefore using a health frame. The only exception are the papers by Greiner et al. (2017) focusing on
the separation of diagnosis and treatment and Waibel and Wiesen (2019) studying primary care
physicians’ referrals.

In neutral frames, the impact of competition, reputation, second opinions, price regulation,
reducing insurance coverage and media have been investigated as institutions to improve market
outcomes (see, e.g., Balafoutas et al., 2013; Balafoutas et al., 2017; Dulleck et al., 2011; Huck et al.,
2016; Kerschbamer et al., 2016; Kerschbamer et al., 2019; Liu et al., 2019; Mimra et al., 2016a;
Mimra et al., 2016b; Rajgopal and White, 2019; Rasch and Waibel, 2018). In sum, this literature
suggests that several institutions should theoretically be able to mitigate market inefficiencies in the
credence goods market. Whether or not these instruments turn out to be effective depends on how they
are implemented. Second opinions, for example, show to improve market outcomes if search costs are
sufficiently low.

Laboratory experiments in health economics: Our paper is further linked to the emerging
literature on experimental health economics. The seminal paper by Hennig-Schmidt et al. (2011)
compares physician behavior under fee-for-service and capitation payment. Non-medical laboratory
students act in the role of physicians. Patients are not present in the laboratory, but the monetary
patient benefit is used for the treatment of genuine external patients. Hennig-Schmidt ez al. (2011) find
that physicians overtreat under fee-for-service and undertreat under capitation. In a series of laboratory
experiments (Brosig-Koch et al., 2017; Brosig-Koch et al., 2013; Green, 2014; Kairies and Krieger,
2013; Keser et al., 2014), the authors further vary the payment schemes and analyze the impact on
physicians’ provision behavior. Physicians appear to react to financial incentives with substantial
over- and undertreatment. These results qualitatively extend to both medical students and real
physicians (Brosig-Koch et al., 2016). Professional norms also shape physicians’ treatment behavior
by shifting importance from physicians’ self-interests toward patient benefits (Kesternich et al., 2015).
In contrast to the studies described above, in our experiment, the subjects in the role of patients are
present in the laboratory. Thus we are able to investigate the interaction between patients and
physicians. Patients decide whether or not to consult a physician and whether or not to monitor the
physician’s behavior in our endogenous monitoring condition.

Literature on monitoring: In his seminal paper Holmstrom (1979) highlights that investments

into monitoring might help to overcome informational asymmetries in a principal-agent set-up.



Complete monitoring allows observing an agent’s effort. The first-best can be reached by
implementing a contract that penalizes sub-optimal effort levels with a sufficiently high payment.
Holmstrom (1979) shows that if payoffs but not the effort level are observable, imperfect information
only allows implementing second-best allocations. Our condition with endogeneous monitoring is
similar to the contractual environment of Holmstrom (1979) under imperfect information. Patients
observe their payoffs but not physicians’ actions before patients decide to request monitoring.

The effect of monitoring on human behavior has been investigated in a variety of contexts in the
field. Slemrod et al. (2001), for example, employ a field experiment to investigate tax compliance in
Minnesota, finding that a reminder about audits significantly increases the returns filed by low- and
middle-income sole proprictors. Duflo et al. (2012) explore teachers’ incentives to go to work in a
field experiment in India. In the treatment group, teacher attendance was monitored daily using
cameras. The authors determine that monitoring reduces teacher absenteeism by 21 percentage points.
Related to the health care sector, recent results suggest that upcoding may be effectively reduced in a
neonatological context by audits (Hennig-Schmidt ef al., 2019). Participants in the experiment take the
role of neonatologists. They report birth weights either under no-audit or random auditing including
fines (with a probability of 10%). Reporting lower birthweights leads to higher remuneration. The
authors show that the level of upcoding almost amounts to three-quarters of all decisions under no
auditing, whereas the level of upcoding is reduced to roughly 50% under auditing.? Another paper by
Lindeboom ef al. (2016) studies the causal effect of different audit regimes on compliance in a market
for immediate (home and nursing) care by means of a field experiment conducted in the Netherlands.
While different treatments with unconditional and conditional changes in audit rates were employed
(in the conditional case, audit rates depend on the provider’s recent performance), no significant
effects on the quantity and quality of applications for immediate care could be detected. The authors
conclude that the absence of direct sanctions for noncompliancce might be responsible for the null
effect.

The effects of sanctions has been extensively investigated in laboratory experiments on
cooperation. Fehr and Géchter (2000) were the first to show in a laboratory experiment that the
potential for individuals to financially punish their trading partners reduces free-riding incentives.
Masclet et al. (2003), Page et al. (2005), and Sefton et al. (2007) provide similar outcomes using
different methods of punishment. Grosse et al. (2011) extend these findings to the context of
teamwork.

Both Belot and Schroder (2016) and Villeval (2018) point out that monitoring can improve

outcomes but may also have adverse spillover effects in unmonitored dimensions. This is also found in

2 Note that in our study we also investigate the effect of a 10% monitoring probability and find no reduction in
physician misbehavior. However, our implementation is fundamentally different. In our setting with repeated
interactions, detected misbehavior in one period leads to a reduction in profits in the respective period. In
addition, only 4 randomly selected periods out of 16 are payoff-relevant (see section 2.2 experimental
conditions). In Hennig-Schmidt et al. (2019) a detection of dishonest reports leads to a loss of all earnings except
the show-up fee.



Hennig-Schmidt et al. (2019): When introducing monitoring, dishonest reporting of birth weights in
dimensions where monitoring cannot detect dishonesty, significantly increases the level of dishonest
reporting compared to a situation with no monitoring. Overall, the results from previous monitoring
experiments suggest that monitoring may be an effective way to change an individual’s behavior.
Efficiency effects are less clear, however, and depend on the costs of monitoring, the punishment
applied as well as on possible spillovers.

The remainder of the paper is organized as follows: The next section introduces the experiment
and presents our predictions. Section Three reports the results. Section Four discusses the results, and

Section Five offers conclusions.

2. Experiment

Our experimental design is based on the credence goods framework established by Dulleck and
Kerschbamer (2006) and tested in an economic laboratory experiment by Dulleck et al. (2011). In
contrast to Dulleck et al. (2011), we allow for any type of misbehavior in all conditions without
restricting the action space of physicians; we test the influence of reinforcing liability by introducing
monitoring institutions (endogenous and exogenous) on the frequency of undertreatment,
overtreatment, and overcharging. Below, we will (i) present the basic set-up and explain the
adjustments made in order to more closely approximate the health care market, (ii) introduce the

experimental conditions and parameters, and (iii) provide the theoretical predictions.
2.1. The basic set-up and parameterization

The set-up was framed in a health care context in which we present consumers as “patients”,
experts as “physicians”, the quality needed as the “health problem”, and the quality provided as the
“treatment”. This formulation is motivated by the findings of Kairies-Schwarz et al. (2017) and
Kesternich et al. (2015), who show the importance of health framing on decision quality within health
economic laboratory experiments. Patients suffer from a health problem that is major with probability
h = 0.5 and minor with probability (1 — k), and they must decide whether to consult a physician. The
probability h is common knowledge, and the patient knows ex-ante that he has a health problem.
However, the patient does not know whether he has a major or minor health problem. The physician
can diagnose the health problem with certainty at no cost and then provide treatment. Treating a major
health problem costs the expert c; = 6, whereas treatment for the minor health problem costs ¢; = 2.
Treatment prices are py = 8 for the major treatment and p; = 3 for the minor treatment. Patients with
a minor health problem can be cured with either treatment. However, if the patient suffers from a
major health problem, only the major treatment provides a cure. If the health problem is cured, the

patient receives a value v = 10, whereas an insufficient treatment yields a value v of zero. We



abstract from patients’ health insurance.> When the patient consults the physician, the patient surplus
amounts to v minus the price charged (py or p; ), whereas the physician receives the price charged (py
or p,) minus the cost for the provided treatment (cy or c¢;).* When the patient refrains from
interacting, the patient receives an outside option of op,; = —4, whereas the physician receives
Opny = 0. In contrast to Dulleck et al. (2011), we introduce exogenously fixed prices, which are
common in highly regulated health care markets, and a negative surplus for patients not entering the
market to illustrate the disutility of an uncured health problem.”> In our baseline set-up, no verifiability
of the type of treatment provided and no liability for the provision of insufficient treatment are
assumed, allowing us to investigate all types of physician misbehavior: (i) undertreatment, (ii)
overtreatment, and (iii) overcharging.®

The stage game of the baseline set-up is the following:

1. For each patient, nature draws the type of health problem. With probability h the patient has a
major health problem, and with probability (1 — h) the patient has a minor health problem

2. The patient decides whether to consult the physician or not to interact.

3. If the patient decides to consult the physician, the physician is informed about the health
problem and provides a treatment (qy or q;) and charges a price (py or p;)

4. Each patient observes his payoff, and each physician observes her payoff

2.2 Experimental conditions

In total, nine conditions of interaction between physicians and patients were conducted (see Table
1). The baseline condition (B) acts as a control in order to measure the three types of misbehavior in
the absence of liability and verifiability. In the monitoring conditions (M), we introduce the
assumption of liability for any type of deviation from appropriate physician behavior and perfect
verifiability of physician behavior by a third party (except for M-ExUnc) and implement a costly
monitoring institution with monitoring costs of m = 1 (exept for M-EndHc). There are two types of

monitoring institutions: (i) endogenous monitoring (M-End), in which the patient decides whether to

3 Note that our predictions qualitatively hold robust for any health insurance coverage with a positive co-
payment. .

4 Following Dulleck et al. (2011), we assume large economies of scope between diagnosis and treatment.
Therefore, once a patient decides to consult a physician, the patient is committed to undergoing treatment by the
physician.

5> The value v when the physician provides insufficient treatment exceeds the outside option of not consulting a
physician for the patient, as we assume that any treatment is better than no treatment.

¢ Note, however, that without verifiability, overtreatment is a strictly dominated strategy, since overcharging
does not affect the payoff to the patient (unlike overtreatment), while at the same time providing a higher payoff
to the physician.



monitor the behavior of the physician’, and (ii) exogenous monitoring (M-Ex), in which a third party —
in our set-up the computer — implements monitoring for a random sample of physicians.® If monitoring
reveals physician misbehavior, the monitoring costs are paid by the physician. In the M-End (M-Ex)
conditions, the patient (third party) pays the monitoring cost in the case of appropriate treatment and
pricing,. In addition to the monitoring cost, the physician must reimburse the patient for the damage
caused in cases in which misbehavior is revealed. This reimbursement amounts to the difference
between the patient payoff in cases of appropriate treatment and pricing and the patient payoff
resulting from the treatment offered and the price charged.

In total, we have three endogenous monitoring conditions. M-End, M-EndHc, where the
monitoring costs are increased to m = 3 and M-EndUnc, where the the assumption of perfect
verifiability of physician behavior is relaxed and the probability of detecting physician misbehavior is
0.8.°

The exogenous monitoring conditions vary with respect to the probability of a physician being
monitored (1) by the third party and whether the probability is common knowledge. The three
exogenous monitoring conditions with common knowledge of the monitoring probability are the
following: (i) M-Ex65 with u = 0.65, this reflects the likelihood of monitoring under condition M-
End, (ii)) M-Ex35 with p = 0.35 representing the highest likelihood under which the predicted
behavior should not differ from the baseline (see section 2.3 and the proofs in Appendix D) and (iii)
M-Ex10 with y = 0.10, which can be interpreted as a feasible likelihood with which a government
institution would monitor physicians and represents the average probability that the “Medical Service
of Health Insurers” monitors inpatient cases (Blum et al., 2017; Blum et al., 2018; Blum et al., 2019).
In M-ExUnk with y = 0.10 we relax the assumption of common knowledge of the monitoring
probability to make the exogenous monitoring conditions more realistic and to test whether the
knowledge of the likelihood of monitoring has an effect on physician behavior.'

Finally, in order to guarantee a clean comparison between endogenous and exogenous
monitoring, we also test for a further control condition (M-End-NolInfo) where patients have to make
a monitoring decision without any prior feedback on payoffs.

The experiment runs for 16 periods. At the beginning of the first period, the two roles are
randomly assigned to the subjects; these roles are then maintained throughout the 16 periods. In each

period, an anonymous patient is randomly matched with a physician from the same matching group.!!

7 In the health care market, endogenous monitoring exists in the form of patient lawsuits against physicians, with
a judge acting as a third party to verify physician misbehavior. The monitoring costs m represent the court fees.

8 An example of exogenous monitoring is the implementation of the “Medical Service of Health Insurers”, which
reviews and enforces physicians’ treatment and charging behavior and/or the possibility of detecting physician
misbehavior through the increased use of e-government in the health care sector (whereby data on diagnostic
tests, the prescribed medication, the medical treatment, and the services billed can all be linked).

% Note that the probability of correctly verifying physician behavior in the case of appropriate treatment is always
1 if the physician is monitored.

10 Note that we also elicited subjects beliefs about the monitoring probability at the end of the experiment. The
belief elicitation was incentivized. For a detailed description see Appendix

! Due to random and anonymous matching, reputation-building is excluded.
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The matching groups consist of eight subjects each: four physicians and four patients. In all
experimental conditions, except for condition M-End-Nolnfo, patients and physicians are informed
about their own payoffs after the physicians’ treatment choices and the prices are revealed. From this
information, a patient can only infer whether the treatment was sufficient or not. Any other type of
misbehavior cannot be derived from the payoff information. After the payoff feedback, the patient
(third party) decides whether to exert monitoring in the M-End (M-Ex) conditions, whereas in
condition B, the period ends. In the monitoring conditions, following the monitoring decision (by the
patient or by a random draw from the computer), additional payoff feedback is provided for both
patients and physicians. In condition M-End-Nolnfo the payoffs for patients and physicians are only
revealed at the end of each period, after the monitoring decision of the patient. Ultimately, four periods
are randomly selected to determine participant payments. For a description of the experimental

protocol and the instructions see Appendix B.

Table 1 Experimental conditions

Conditions Description (Z 3: ;:l:ﬂliz:)
B Baseline, no monitoring 48 (6)
Monitoring Monitoring Detecti.o.n Monitoring

costs probability frequency
Endogenous monitoring conditions (patients decide on monitoring)
M-End Low (m = 1) 100% Endogenous 48 (6)
M-EndHc High (m = 3) 100% Endogenous 48 (6)
M-EndUnc Low (m = 1) 80% Endogenous 48 (6)
Exogenous monitoring conditions (3™ party randomly decides on monitoring)
M-Ex65 Low (m = 1) 100% 65% (c.k.)' 40 (5)
M-Ex35 Low (m = 1) 100% 35% (c.k.)! 48 (6)
M-Ex10 Low (m = 1) 100% 10%(c.k.)" 48 (6)
M-ExUnk Low (m = 1) 100% 10% (unknown) 48 (6)
Control condition (Patients decide on monitoring with no information on payoffs)
M-EndNolnfo Low (m = 1) 100% Endogenous 48 (6)
Note:

I'c.k. denotes common knowledge of the monitoring frequency

2.3 Predictions

The following section provides an equilibrium analysis and the resulting efficiency level for each
of the seven conditions. The analysis is based on the assumption that physicians and patients are
rational, risk-neutral, and that they maximize their own monetary payoff. We additionally assume that
all information is common knowledge except for the patients’ types. Table 2 summarizes the

predictions.



2.3.1 Equilibria

The interaction between patients and physicians is a sequential game with incomplete
information. We apply the Perfect Bayesian Equilibrium concept. Based on the parameter
specifications introduced above, we provide a full description of the equilibria of our main conditions

in Appendix D. Below, we summarize the results and present the expected efficiency-levels.

(1) Condition B: In our baseline condition, physicians always provide minor treatment and
charge the price for the major treatment. Patients anticipate the behavior of physicians and
enter the market because the expected payoff is higher than the outside option.!? The
market operates at an efficiency-level of 25% of the maximum efficiency (i.e., the total
surplus from the market interaction is a quarter of the maximum possible surplus).

(i1) Condition M-End: Under endogenous monitoring, patients decide to monitor the behavior
of physicians whenever they observe a negative payoff, they mix with probability 5/6
when observing a payoff of 2, and they do not monitor the behavior of physicians when
observing a payoff of 7 (i.e., the maximum possible payoff a patient can receive).
Anticipating the reaction of patients, physicians provide the appropriate treatment and
charge the honest price. The market operates at an efficiency-level of 90%.

(i)  Condition M-EndHc: When higher costs are introduced in our endogenous monitoring
condition, patients decide to monitor the behavior of physicians whenever they observe a
negative payoff. Patients mix with probability 5/8 when observing a payoff of 2, and do
not monitor the behavior of physicians when observing a payoff of 7. Anticipating the
reaction of patients, physicians provide the appropriate treatment and charge the honest
price. The market operates at an efficiency level of 77%.

(iv) Condition M-EndUnc: When monitoring detects physician misbehavior with a probability
of 80%, patients decide to monitor the behavior of physicians whenever they observe a
negative payoff or a payoff of 2. They do not monitor the behavior of physicians when
observing a payoff of 7. Anticipating the reaction of patients, physicians provide the
appropriate treatment and charge the price for the major treatment. The market operates at
an efficiency-level of 81%.

v) Condition M-Ex65: When an exogenous monitoring institution with a monitoring
probability of 65% is introduced, physicians provide the appropriate treatment and charge
the price for the major treatment. The market operates at an efficiency level of 88%.

(vi) Condition M-Ex35: When the probability of exogenous monitoring is reduced to 35%,
physicians always provide minor treatment and charge the price for the major treatment.

Patients always enter the market. The market operates at an efficiency level of 18%.

12 A market breakdown as in Akerlof (1970) is excluded by our parameters due to our assumption that patients
expect that receiving any treatment will be better than no treatment.
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(vii)  Condition M-Ex10: When the probability of exogenous monitoring is further reduced to
10%, physicians always provide minor treatment and charge the price for the major
treatment. Patients always enter the market. The market operates at an efficiency level of
23%.

(viii)  Condition M-End-Nolnfo: When patients have to make the monitoring decision without
any information on their payoffs, patients decide to monitor the behavior of physicians
with a probability of 5/6. Anticipating the reaction of patients, physicians provide the
appropriate treatment and charge the honest price. The market operates at an efficiency

level of 84%.

In our condition M-ExUnk, the probability of exogenous monitoring is unknown to the subjects.
In the first period, both patients and physicians could have any expectation regarding the exogenous

monitoring probability. Therefore, we will not provide any theoretical predictions.

Summarizing our predictions, we can conclude that in the absence of monitoring institutions,
undertreatment and overcharging are prevalent. Introducing an endogenous monitoring institution
leads to less physician misbehavior and an increase in efficiency. However, full efficiency cannot be
achieved due to the monitoring costs that the patients bear when their health problem is major.'* Under
exogenous monitoring with a monitoring frequency of 65%, physicians will no longer undertreat but
will overcharge. Efficiency decreases slightly compared to endogenous monitoring due to the more
frequent use of monitoring (65% vs. 42%).'* Once the frequency of exogenous monitoring falls below
a probability of 4/11, physicians will undertreat and overcharge, as in the absence of monitoring
institutions. In addition, due to the monitoring costs, efficiency is lower compared to the baseline

condition.

13 Note that in the case of a minor health problem, the patient receives a payoff of 7 in equilibrium and thus does
not choose to monitor the physician.

14 Note that in condition M-Ex65, monitoring is implemented in 65% of all interactions. In the equilibrium of
condition M-End, however, monitoring is implemented with a probability of 5/6 in the case of a major health
problem and is never implemented in the case of a minor health problem. Thus, monitoring is expected to be
implemented in 42% of all interactions.
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Table 2 Predictions

B MEnd %}k En]“fl}nc M-Ex65 M-Ex35 M-ExI0 ]z‘vlo 5%
oT' 0% 0% 0% 0% 0% 0% 0% 0%
U 100% 0% 0% 0% 0% 100%  100% 0%
oc*  100% 0% 0% 100%  100%  100%  100% 0%
INT*  100%  100%  100%  100%  100%  100%  100%  100%
EFFS  25% 90% 77% 81% 88% 18% 23% 84%

Notes:

'OT: overtreatment; consumer needs q;, but seller provides gy,

2UT: undertreatment; consumer needs gy, but seller provides q;

3 0C: overcharging; seller provides q;, but charges py, (with p, > p; and consumer needing q;)
4INT: Interaction rate; relative frequency of market interaction

S EFF: Efficiency calculated as actual profit

with the actual profit being adjusted for the monitoring costs of the

maximum possible profit
third party in the exogenous monitoring treatments

3. Results

In this section, we first describe the results for the baseline condition. We then describe the
effects resulting from the introduction of endogenous and exogenous monitoring and the impact of
changing and/or omitting information on the monitoring probability in conditions M-Ex. We also
explore the influence of variation in monitoring costs and uncertainty in the verifiability of physician

misbehavior. Finally, we discuss the regression analysis.
3.1. Baseline

Table 3 shows the aggregate results for each experimental condition averaged over markets and
periods. When calculating the undertreatment rate, only periods with a major health problem are
considered, whereas for overtreatment and overcharging, only periods with a minor health problem are
considered. In line with our predictions, in condition B, undertreatment and overcharging are
observed. The rate of undertreatment is significantly lower than theoretically predicted: Physicians
undertreat in 40% of the cases (p < 0.05, Wilcoxon signed ranks test (WSR)), and in 91%, they
overcharge (p > 0.1 compared to a frequency of 100%, WSR). Overtreatment is dominated by
overcharging. We only observe overtreatment once in period 1 (see Figure 1, panel A). The frequency
of market interaction is 97%. Hence, as predicted, patients almost always consulted a physician. The

market efficiency level is 63%, which is higher than theoretically expected (p < 0.05, WSR).
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Table 3 Overview of results (means)

Levels of B M-End E]Z; EZ? 5 E]:fl 0 E)?{J'n X E,%}{c Er?é;]n %ﬁ'}ﬁ
Overtreatment! 0.01°" 002  0.04¢ 0012 000 007 006 004  0.04
Undertreatmen? ~ 0.40*>¢  0.09*  0.12° 016" 041* 031 006 011  0.09
Overcharging’ 091 6o debe 073" 084" 067 054 053 041
Tnteraction * 0.97*h4* 1.00*0 099%™ 099 099" 098 0997 0997 0.7
Efficiency’ 063 (gait 076" 080 069 070 067 077 075
Profit physician® 307 110t 1320 253eh 411 3395 136 1515 120
Profit patient’ 0.11%bs 423K 303bem 279%h 0750 1346 291 328 346\
# subjects 48 48 40 48 48 48 48 48 43
Notes:

LOT: overtreatment; consumer needs q;, but seller provides gy,

2UT: undertreatment; consumer needs gy, but seller provides q;

30OC: overcharging; seller provides gq;, but charges pj, (with p, > p; and consumer needing gq;)
4INT: Interaction rate; relative frequency of market interaction

. actual profit
3 EFF: Efficiency calculated as - ak -
maximum possible profit

third party in the exogenous monitoring treatments
9PDoc: Profit physician in experimental currency units
7PP: Profit Patient in experimental currency units

with the actual profit being adjusted for the monitoring costs of the

Mann-Whitney U-tests (MWU) for pairwise differences between conditions with matching groups of 8 subjects as one

independent observation

@ B versus M-End (p < 0.05), (p < 0.1)

b B versus M-Ex65 (p < 0.05)," (p < 0.1)

© B versus M-Ex35 (p < 0.05), " (p < 0.1)

4 B versus M-Ex10 (p < 0.05), " (p < 0.1)

¢ B versus M-ExUnk (p < 0.05)," (p < 0.1)

f M-End versus M-Ex65 (p < 0.05), ™ (p < 0.1)

¢ M-Ex65 versus M-Ex35 (p < 0.05),¢" (p < 0.1)

h M-Ex35 versus M-Ex10 (p < 0.05)," (p < 0.1)

I M-Ex10 versus M-ExUnk (p < 0.05), " (p < 0.1)

I M-End versus M-EndHc (p < 0.05),7 (p < 0.1)

X M-End versus M-EndUnc (p < 0.05), <" (p < 0.1)

' M-End versus M-EndNolnfo (p < 0.05), " (p < 0.1)
™ M-Ex65 versus M-EndNolInfo (p < 0.05), ™ (p < 0.1)

With regard to the development of physician and patient choices over the 16 periods averaged

over markets, Figure 1 shows no clear trend in the time path of our key variables in condition B. Only

for overcharging (panel C) do we find a marginal trend toward a significant increase across the 16

periods (p = 0.052, WSR for a comparison of means between the first and the second half of periods

averaged over markets and periods).

Result 1. In condition B, undertreatment and overcharging are observed. However, the level of

undertreatment is lower than 100%.
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3.2. Introduction of monitoring

Table 3 and Figure 1 show that the introduction of endogenous monitoring or exogenous
monitoring with a probability of 65% significantly reduces the rate of undertreatment, overcharging,
and increases the interaction rate between patients and physicians, compared to B. Due to the lower
frequency of undertreatment and the resulting increase in cured health problems, efficiency
significantly increases.

Regarding the decisions of patients to exert costly monitoring in M-End, the institution of
monitoring is used in 64.6% of periods overall. When patients receive a negative payoff feedback (i.e.,
undertreatment), they decide to exert monitoring in 100% of cases. When receiving a payoff feedback
of 2 ECU, the monitoring frequency decreases to 78.6%, and with a payoff feedback of 7 ECU, the
monitoring frequency drops to 7.5%. Thus, the behavior of patients resembles the theoretical
prediction that patients will always decide to monitor with a negative payoff feedback, to mix in the
case of a payoff feedback of 2, and not to monitor with a payoff feedback of 7. Analyzing the
dynamics of monitoring across the 16 periods, panel F of Figure 1 shows that the overall frequency of
monitoring started out at a relatively low level of 30%, increased to 70% in Period 3 (because of the
sharp increase in undertreatment; see panel B), and remained at a high level thereafter (between 60%
and 75%; p < 0.05, WSR for a comparison of means between the first and the second half of periods
averaged over markets and periods). With respect to the development of the other variables across
periods (panels A to E of Figure 1), there is no evidence of a time trend.

We do not find any differences between M-End and M-Ex65 in any of the relevant variables (see
Table 3). Also, the results from condition M-End-Nolnfo show that M-End and M-Ex65 arc
comparable with respect to the overall monitoring frequency (being 68% overall periods in M-End-
Nolnfo) and the level of undertreatment. The level of overcharging, however, is significantly lower in
M-End-Nolnfo than in M-End, but no difference is found to M-Ex65. Due to the increased use of
monitoring in case of a minor illness and appropriate physician behavior, market efficiency is
significantly lower in M-End-Nolnfo compared to M-End but no difference is found compared to M-
Ex65.

Result 2. The introduction of monitoring (endogenous or exogenous with 65% probability) decreases
the levels of undertreatment and overcharging and increases the level of efficiency compared to

condition B.
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Figure 1 Provision, charging, market interaction and efficiency by conditions B, M-End, M-Ex65 and
M-End-Nolnfo

[A] Overtreatment [B] Undertreatment [C] Overcharging
o CE @
© © ©
~ ~ -
@ ©
© 9 - ¥
< 4 ~ 4
@ e
o N
o | el o
rT T T T T T T T 1T T T T T T1TT rT T T TTTTT rT T T T T T 17T 1T T T T T T TT
1234567 8910111213141516 1234567 8 910111213141516 1234567 8910111213141516
Period Period Period
[D] Interaction rate [E] Efficiency [F] Monitoring
o S o 4 o 4
© © 4 X © 4
~ N~ ~ 4
© 4 © 4 © 4
0 0 w0
~ A < ~ -
™ ™ ™
o ~ ~
(= (=R (=R
rT T T TrTrT T T T T T TTT rT T T T T T T T TTTT rTrrT T T T T TTTTTT
1234567 8910111213141516 1234567 8 910111213141516 1234567 8910111213141516
Period Period Period
@ B M-End M-Ex65 —~A—— M-End-Nolnfo

3.3. Change in monitoring probabilities

When the frequency of monitoring is lowered to 35%, the level of undertreatment, the interaction
rate, and the efficiency level in M-Ex35 do not change significantly compared to M-Ex65 (see Table 3
and Figure 2). The rate of overcharging, however, increases significantly. Compared to condition B,

the level of overcharging in M-Ex335 is still marginally lower. We summarize our findings as follows:

Result 3. A reduction in the monitoring frequency from 65% to 35% has no impact on the frequency

of undertreatment or the efficiency level, but overcharging increases significantly.

A further reduction of the monitoring frequency to 10% significantly increases the level of
undertreatment to 41%. This rate is comparable to condition B. Moreover, the level of overcharging
and the efficiency level do not differ significantly between B and M-ExI0. Figure 2 shows the
development of the most important outcomes across the 16 periods for all three exogenous monitoring

conditions. There is no evidence of a time trend.
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Result 4. A reduction in the monitoring frequency from 35% to 10% significantly increases the
frequency of undertreatment. There is no difference in any key variable between conditions M-Ex10

and B.

Figure 2 Provision, charging, market interaction and efficiency by conditions M-Ex65, M-Ex35 and

M-ExI10
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3.4. Information on monitoring probability

The effect of omitting the information concerning the probability of monitoring physician
behavior over all 16 periods is shown in Table 3, column 6 and across periods in Figure 3. Over all
periods, we find a significant reduction in the frequency of overcharging compared to B, and a
marginal trend toward a significant reduction compared to M-ExI0. There is no difference in the
frequency of undertreatment or in the level of efficiency between M-ExUnk and B. However, when
testing the behavior of physicians in periods 1-8 and periods 9-16 separately, we find that physicians
undertreat in 38.3% of cases on average in the first eight periods in B, whereas undertreatment occurs
in 22.1% of cases in M-ExUnk (p < 0.1, Mann-Whitney U-test (MWU)). In the last eight periods,
there is no significant statistical difference in undertreatment between B (42.2%) and M-ExUnk

(39%). In line with the results on overcharging over all 16 periods, we find a significant difference in
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the rate of overcharging for both the first and the last eight periods between B and M-ExUnk (p <
0.05, MWU).

With regard to the development of the most important outcomes across periods, Figure 3 shows
that the rate of undertreatment starts out at a low level (between 0 and 20%) and increases throughout
the course of the game (p < 0.05, WSR for a comparison of means between the first and the second
half of periods averaged over markets and periods). In addition, a marginal trend toward a significant
increase in the rate of overcharging from the first to the second half of periods can be observed (p <

0.1, WSR). For the rest of our key variables, there is no evidence of a time trend.

Figure 3 Provision, charging, market interaction and efficiency by conditions B, M-Ex10 and

M-ExUnk
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Result 5. Omitting the information on the probability of monitoring decreases the frequency of
overcharging compared to M-Ex10. In comparison to B, the rate of undertreatment in periods 1-8 and

the rate of overcharging in all periods is significantly lower.
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3.5. Monitoring costs and uncertainty of verifiability

The effects of an increase in the monitoring costs from 1 to 3 and the introduction of uncertainty
in the verification of physician misbehavior compared to M-End are shown in columns 7 and 8 of
Table 3 and in Figure 4. Overall, we find that the level of efficiency is significantly lower in M-
EndHc compared to M-End due to the higher monitoring costs. No differences are found for the other
key variables.

In analyzing the development of the most important key variables across periods, we do find a
significant increase in the level of overcharging for M-EndUnc (p < 0.05, WSR for a comparison of
means between the first and the second half of periods averaged over markets and periods). In
addition, a marginal trend toward a significant increase in the level of efficiency from the first to the
second half of the periods can be observed for M-EndHc (p < 0.1, WSR). For the rest of our key

variables, there is no evidence of a time trend.

Result 6. Introducing uncertainty in the verifiability of physician behavior and increasing the
monitoring costs have no impact on the frequency of undertreatment or overcharging compared to M-

End.

Figure 4 Provision, charging, market interaction and efficiency by conditions M-End, M-EndHc and

M-EndUnc
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3.6. Regression analysis

In Tables 4 and 5, we report the results from multilevel mixed-effects probit and linear
regressions in which we estimate the effects of our conditions on the relative frequency of
overcharging, undertreatment, and efficiency.”> We use condition B as the reference group. The
regression results confirm our non-parametric analysis.

In line with results 2 to 6, Table 4 shows that the frequencies of overcharging and undertreatment
significantly decline in our endogenous and exogenous monitoring conditions (with at least 35%
monitoring frequency) relative to condition B (models (1)-(3)). However, for conditions M-Ex10 and
M-ExUnk, we do not find a significant reduction in overcharging or undertreatment compared to B,
with one exception. For condition M-ExUnk, we observe a significant reduction in overcharging
compared to B (models (1) and (3)). In order to investigate period-dependent effects for condition M-
ExUnk, we introduce an interaction term in models (2) and (3). Consistent with the non-parametric
analysis, we do not find an interaction effect for overcharging, but a significant interaction for
undertreatment. Post-estimation Wald tests show that the level of undertreatment in the early periods
is significantly lower under M-ExUnk compared to B (p < 0.05 periods 1-6, p < 0.1 periods 7-8, Wald
tests) and M-Ex10 (p < 0.05 period 1, p < 0.1 periods 2-4, Wald tests). There is no significant
difference for the later periods (p > 0.1, Wald tests).

In agreement with the results from Table 4, Table 5 shows that the level of efficiency
significantly increases for conditions M-End, M-End-Nolnfo, M-Ex65, M-Ex35, and M-EndUnc
relative to condition B (by approximately 14 to 19 percentage points). Furthermore, when introducing
the interaction between periods and M-ExUnk in model (2), we find that efficiency is significantly
higher in the early periods compared to B (p < 0.05 periods 1-6, p < 0.1 period 7, Wald tests) and M-
Ex10 (p <0.05 Periods 1-2, p < 0.1, Period 3-4, Wald tests).

In addition to these differences between conditions, our regression results reveal certain
interesting relationships between additional experimental and personality measures in model (3). We
find that risk-averse subjects with a stronger preference for a guaranteed amount of money in a choice-
list task (played after the credence goods game) are less likely to engage in overcharging (p < 0.1) and
undertreatment (p < 0.05), which has a positive impact on efficiency. Subjects who score high on the
conscientiousness scale of our 10-item BIG 5 questionnaire are less likely to undertreat patients (p <
0.05) and thus also have a positive effect on efficiency (p < 0.05). Finally, we find that subjects who
are classified as liars in our lying task are significantly more likely to overcharge patients in the

credence goods game (p < 0.01).

15 Multilevel mixed-effects models are specifically designed to account for dependencies between observations
on different hierarchical levels. In our case, we use a three-level mixed-effects model to account for the
dependency of observations at the subject and market level.
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Table 4 Multilevel mixed-effects probit on overcharging and undertreatment

(1) (1) (2) (2) (3) (3)
VARIABLES oC UT oC UT oC UT
M-End (=1) -1.492%** -1.863%** -1.525%** -1.871*** -1.371%** -1.754%**
(0.281) (0.393) (0.282) (0.395) (0.269) (0.372)
M-EndHc (=1) -1.757%%* -2.05]#%* -1.790%%** -2.058%%* -1.724%** -1.858***
(0.381) (0.386) (0.383) (0.387) (0.341) (0.403)
M-EndUnc (=1) -1.829%%* -1.618%%** -1.855%%* -1.625%%* -1.831%** -1.505%**
(0.341) (0.3006) (0.342) (0.300) (0.304) (0.385)
M-Ex65 (=1) -1.939%%* -1.401%%* -1.966%*** -1.405%%* -1.921%%* -1.218%%*
(0.337) (0.366) (0.331) (0.368) (0.322) (0.444)
M-Ex35(=1) -0.881** -1.257%** -0.909** -1.263%** -0.829%** -1.305%**
(0.408) (0.364) (0.409) (0.366) (0.368) (0.384)
M-Ex10 (=1) -0.362 -0.093 -0.377 -0.094 -0.170 0.255
(0.468) (0.415) (0.468) (0.418) (0.384) (0.400)
M-ExUnk (=1) -1.168%*** -0.481 -1.469%** -1.300%** -1.367%** -1.073*
(0.342) (0.309) (0.352) (0.474) (0.347) (0.567)
M-End-Nolnfo (=1) -2.208%%* -1.712%%* -2.248%%* -1.718%%* -2.089%** -1.366%**
(0.364) (0.317) (0.363) (0.319) (0.320) (0.373)
Period 0.027%** 0.003 0.026%** 0.003
(0.010) (0.013) (0.010) (0.014)
M-ExUnkxPeriod 0.036 0.091%** 0.039 0.090%**
(0.028) (0.039) (0.029) (0.039)
DG-Keep! 0.021 -0.011
(0.036) (0.040)
Risk aversion -0.044* -0.068**
(0.026) (0.032)
Liar 0.098*** 0.030
(0.038) (0.039)
Conscientiousness -0.075 -0.392%**
(0.090) (0.165)
Add. Covariates? No No No No Yes Yes
Constant 1.856%** -0.287 1.663%** -0.315 1.965 2.237
(0.274) (0.226) (0.289) (0.265) (1.208) (1.790)
Observations 1,682 1,666 1,682 1,666 1,676 1,656
Number of groups 53 53 53 53 53 53

Notes:

Three-level model with two random effects equations at the market and individual level. Robust standard errors in

parentheses *** p<0.01, ** p<0.05, * p<0.1

UT: undertreatment
OC: overcharging

! The amount kept in a dictator game (DG) as a measure for altruism
2 Additional Covariates: Trustworthiness measured in a trust game, BIG 5 personality traits (agreeableness, openness,
neuroticism, extraversion and conscientiousness) measured with a 10-item BIG 5 questionnaire, gender, age, self-reported
frequency of practicing religion, number of physician visits in the past 12 months, experience with incorrect physician

behavior and relative school performance as a proxy for 1Q.
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Table 5 Multilevel mixed-effects linear regression on efficiency

(1) (2) (3)
VARIABLES EFF EFF EFF
M-End (=1) 0.187%** 0.187%** 0.158%**
(0.060) (0.060) (0.059)
M-EndHc (=1) 0.043 0.043 0.022
(0.063) (0.063) (0.066)
M-EndUnc (=1) 0.139%* 0.139%** 0.127*
(0.061) (0.061) (0.067)
M-Ex65 (=1) 0.138** 0.138%** 0.110
(0.060) (0.060) (0.071)
M-Ex35(=1) 0.172%*%* 0.172%%%* 0.186%**
(0.064) (0.064) (0.064)
M-Ex10 (=1) 0.060 0.060 0.027
(0.074) (0.074) (0.074)
M-ExUnk (=1) 0.078 0.24 ] *** 0.226%**
(0.064) (0.074) (0.086)
M-End-Nolnfo (=1) 0.121** 0.121** 0.068
(0.058) (0.058) (0.068)
Period -0.0003 -0.0003
(0.002) (0.002)
M-ExUnkxPeriod -0.019*%** -0.019%**
(0.007) (0.007)
DG-Keep! 0.0004
(0.005)
Risk aversion 0.007*
(0.004)
Neuroticism -0.038**
(0.017)
Conscientiousness 0.046**
(0.021)
Add. Covariates? No No Yes
Constant 0.626%** 0.629%** 0.530%*
(0.055) (0.056) (0.238)
Observations 3,392 3,392 3,376
Number of id 53 53 53

Notes:

Three-level model with two random effects equations at the market and individual level. Robust standard errors in
parentheses *** p<0.01, ** p<0.05, * p<0.1

EFF: efficiency

! The amount kept in a dictator game (DG) as a measure for altruism

2 Additional Covariates: Trustworthiness measured in a trust game, BIG 5 personality traits (agreeableness, openness,
neuroticism, extraversion and conscientiousness) measured with a 10-item BIG 5 questionnaire, gender, age, self-reported
frequency of practicing religion, experience with incorrect physician behavior and relative school performance as a proxy for

1Q.

3.7. Dynamics

In the next step, we answer the question of whether our patient and physician subjects change
their behavior based on their experiences in the previous round. To this end, we report in Table 5 the
results of multilevel mixed-effects probit regressions in which we estimate the effect of previous
undertreatment and overcharging choices as well as monitoring experiences on the likelihood of

interaction, undertreatment, and overcharging. The results reported in model (1) answer the question
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of whether patients are more likely to exit the market based on the experience of undertreatment in the
previous period. Indeed, we find that patient subjects who were undertreated in the previous period are
more likely to opt-out of the market. The results in models (2) and (3) report the effects of monitoring
experience in the previous period on undertreatment and overcharging. It appears that monitoring does
not significantly alter the decision of a physician to undertreat or overcharge the patient in the
following period. Moreover, the decision to undertreat (overcharge) the patient in the previous period
is not significantly related to the decision to undertreat (overcharge) the patient in the current period.
Finally, in models (4) and (5) we include interaction terms of undertreatment and overcharging in the
previous period with monitoring in the previous period in order to investigate the effects of monitoring
conditional on fraudulent behavior on overcharging and undertreatment in the following period. Once
more, the results reveal that monitoring in the previous period does not have a significant effect on
undertreatment (overcharging) in the current period, neither in the case of no undertreatment (no
overcharging) nor in the case of undertreatment (overcharging) in the previous period (see the
coefficient for MON and the interaction terms in columns 4 and 5, respectively). For an individual-

level analysis of physician types across conditions see Appendix A.

Table 6 Multilevel mixed-effects probit on interaction, undertreatment and overcharging

©) (2) (3) 4) O)
VARIABLES INT UT oC uUT oC
UT lagl -0.387*** 0.078 -0.017
(0.144) (0.185) (0.229)
MON lagl -0.007 -0.085 -0.074 -0.186
(0.152) (0.110) (0.153) (0.144)
UT lagl *MON lagl 0.264
(0.295)
OC lagl 0.150 0.059
(0.123) (0.147)
OC lagl *MON lagl 0.189
(0.173)
Constant 2.771F%* 0 J1.562%**%  (0.372%%  -1.536%*%*  (0.423%**
(0.187) (0.190) (0.151) (0.192) (0.158)
Observations 2,963 1,275 1,325 1,275 1,325
Number of groups 53 47 47 47 47
Notes:

Three-level model with two random effects equations at the market and individual level. Robust standard errors in
parentheses *** p<0.01, ** p<0.05, * p<0.1

UT: undertreatment

OC: overcharging

MON: monitoring

INT: interaction

4. Discussion

The present study provides evidence of the impact of monitoring on physician behavior in a
health care market by using a framed laboratory experiment based on the credence goods framework

of Dulleck and Kerschbamer (2006) and the experimental design of Dulleck et a/. (2011). Similar to
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Dulleck et al. (2011), we find that in the condition without the institutions of verifiability or liability,
market outcomes are better than expected. The proportion of physicians providing the appropriate
treatment (about 60%) is far greater than the theoretical prediction and also larger than in Dulleck et
al. (2011). One difference that might explain the differences in outcomes is the health care framing in
our experiment versus a neutral framing in Dulleck er al. (2011) (Kairies-Schwarz et al., 2017,
Kesternich ef al., 2015). An avenue for future research is to investigate the effect of a health framing
in a credence goods setting. When the option of monitoring is introduced endogenously and
exogenously with a 65% probability, levels of undertreatment and overcharging are significantly
reduced. Unlike the theoretical predictions, however, we do not observe a difference between
endogenous monitoring and exogenous monitoring with a 65% monitoring probability in the level of
overcharging, or a difference between the two exogenous monitoring conditions with 65% and 35%
monitoring probability in the level of undertreatment. This deviation from the theoretical prediction
could be consistent with risk aversion. Finally, in line with the theoretical prediction, we find no
difference in physician behavior compared to the baseline condition without monitoring when the
probability of monitoring is reduced to 10%.

In the three main conditions with exogenous monitoring, the likelihood of monitoring was
common knowledge for physicians and patients. The fact that both sides of the market were informed
about the likelihood of monitoring ensures that our treatment effects were exclusively due to the
change in our monitoring scheme and did not result from different beliefs. However, in the real world,
both parties rarely know how likely it is that monitoring will occur. In order to track individuals’
beliefs, we implement the M-ExUnk condition in which we elicit such beliefs. The median belief
regarding the monitoring probability before the first period was played was approximately 50%
(mean: 43.48, sd: 18.33). Over time, individuals can gather information from previous interactions and
update their beliefs. In the final period, the median expectation concerning the monitoring probability
was 11% (mean: 21.80%, sd: 24.16). Table 4 shows that physicians react to their updated beliefs by
undertreating significantly more often in later periods. This observation supports our findings from the
main conditions and hence highlights the robustness of our results.

The decision to enforce physician liability in the form of malpractice lawsuits can be very costly
to patients, both in terms of court fees and the probability of winning the case. The results from our
conditions with increased monitoring costs and uncertainty in the effectiveness of verifying physician
behavior, however, show that these variations have no influence on the level of undertreatment or
overcharging compared to our endogenous monitoring condition. These findings suggest that the
threat of patient monitoring is sufficient to reduce undertreatment and overcharging vis-a-vis our
baseline B.

As a laboratory experiment, our study provides qualitative insights. In particular, the gains and
losses in efficiency between the different conditions naturally depend upon the chosen parameters.

Closely connected to the parameter choice is the question of external validity. We seek to investigate
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institutional changes in the health care market without putting anyone’s health at risk. The advantages
of this approach include not only the unambiguous identification of treatment effects but also the
safety of patients in the real market. Nevertheless, individuals may make different decisions if there
are monetary rather than health-related consequences (for a discussion, see Galizzi and Wiesen, 2018).
Although the influence of this effect is still an open question, Brosig-Koch ef al. (2016) show that
non-medical participants — such as the students we recruited in our experiment — qualitatively react
just as physicians do. Hence, our qualitative insights are most likely to hold also in external health care
markets, although the quantitative effects must be interpreted with caution.

One important factor when designing interventions involving monetary incentives in the real
world is the fact that the incentivization could lead to two effects in opposite directions: (i) a direct
price effect resulting from the monetary incentives that induces the desired behavioral reaction, and
(i1) a psychological effect that crowds out intrinsic motivation and therefore leads to undesired
behavioral responses (Gneezy et al., 2011; Kranton, 2019). Fehr and List (2004), for instance, show in
a laboratory experiment that the introduction of punishment in a trust game can have a negative effect
by crowding out the social norm of trust. They introduce the option of punishment by the sender in the
trust game and determine that if the punishment option is used by the sender, the amount paid back by
the receiver is lower compared to the situation in which the punishment option is not used. Often, the
negative effect of crowding out manifests itself when monetary incentives are removed or when the
price effect is lower than the psychological effect (Gneezy and Rustichini, 2000a; Gneezy and
Rustichini, 2000b; Meier, 2007). In our case, the introduction of monitoring institutions led to the
desired behavioral response, indicating that the price effect exceeds the psychological effect. In
addition, since monitoring is not a temporary intervention but rather a permanent option to enforce
physician liability, negative effects resulting from the removal of the incentives are not relevant.
Nevertheless, a negative effect of monitoring on specific dimensions in the provision of health care

that are unmonitored cannot be ruled out (Belot and Schréder, 2016; Villeval, 2018).

5. Conclusion

Although the monitoring of physicians’ treatment decisions has become increasingly common
over the past two decades, there is a lack of experimental studies that systematically investigate its
effectiveness in a controlled manner. We capture these recent developments and investigate whether
the monitoring of physicians can help improve market outcomes in health care employing a laboratory
experiment.

In line with our predictions, we find that monitoring is an effective institution for reducing
misbehavior. Compared to the baseline condition, the levels of undertreatment and overcharging are
significantly reduced when monitoring is sufficiently likely. There is almost no overtreatment in any
of the conditions: Overtreatment is a strictly dominated strategy, since overcharging yields a higher

payoff to the physician while not affecting the payoff of the patient. Moreover, efficiency (measured
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as the sum of patient and physician payoffs) increases significantly for both endogenous and
exogenous monitoring when monitoring is sufficiently likely compared to no monitoring. A
monitoring frequency of 10% with common knowledge of the monitoring probability, however, has no
impact on physician behavior compared to the baseline condition. Relaxing the assumption of perfect
verifiability or increasing the costs of monitoring in the endogenous monitoring condition has no
impact on the frequency of undertreatment or overcharging.

Our results thus suggest that monitoring institutions may be effective in reducing physician
misbehavior. The threat of being monitored diminishes physicians’ incentives to mistreat. In order to
guide policymakers, however, future research should investigate the potential crowding-out effects of
intrinsic motivation as well as negative spillover effects that monitoring institutions might trigger in

the provision of health services.
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Appendix A

Additionl Analysis: Distribution of types across conditions

Corresponding to our observation on the stable experimental behavior of our subjects in
conjunction with strong treatment effects, we expect that our physician subjects will react
instantaneously, from the first period onwards, to the assigned condition and thus that their behavior
across the 16 periods can be classified into different types. We define seven mutually exclusive types'®
as follows: The “honest” type never undertreats or overcharges a patient across all 16 periods. The
“overcharge low” type overcharges patients in fewer than 50% of all cases and never undertreats.
Similarly, “overcharge high” types overcharge patients in at least 50% of all cases and never
undertreat. A “mix low” type undertreats and overcharges the patient in fewer than 50% of all cases,
and a “mix high” type does so at least 50% of the time.!” Finally, whereas the two “overcharge” types
only engage in misbehavior in rounds in which they have an opportunity to overcharge (i.e., when the
patient suffers from the minor health problem), “dishonest” types always engage in fraudulent
behavior, overcharging and undertreating patients in all rounds regardless of the severity of the health
problem.'® Figure A5 shows the distribution of types across all conditions and reveals certain market
condition differences. “Honest” types (8%, averaging across all conditions), “overcharge” types (10%
across all conditions) and “overcharge low” types (10% across all conditions) do not seem to react
much to the condition, but we find highly significant differences for the prevalence of “overcharge
high” participants — the most frequent type, with 24% across all conditions. There are significantly
more “overcharge high” types in M-End conditions than in the other conditions. Thus, the participants
are highly strategic. In the M-End conditions, where monitoring is endogenous, patients can directly
react to their payoff information with a decision to monitor the physician. Thus, physicians can expect
to be monitored with certainty if they decide to undertreat the patient, which leads to a negative payoff
for the patient. Consequently, physicians opt to overcharge, which cannot be distinguished from
honest behavior in terms of the final payoffs for patients. “Mix low” types (11% across all conditions)
are most frequently observed in conditions M-Ex65, M-EndUnc and M-End-Nolnfo, whereas “mix
high” types (the second most frequent type, with 12% across all conditions) are primarily found in
conditions B, M-Ex35, M-ExI10, and M-ExUnk, where there is no monitoring or the detection
probability is relatively low. Finally, the “dishonest” type (4% across all conditions) is only prevalent
in conditions B and M-ExI0 — again, where either no monitoring is possible or the detection

probability is very low.

Figure AS Distribution of types by all conditions

1679% of all subjects can be classified into one of these seven types.

17 The types “overcharge low” and “overcharge high” exclude the cases in which physicians never or always
overcharge the patient. This rule also applies to the “mix low” and “mix high” types.

18 We also initially defined an “undertreat” type, a type who always undertreats patients but never overcharges
them, but there is no such observation in our dataset.
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Appendix B
Experimental protocol

Overall, eighteen experimental sessions with a total of 424 undergraduate students were
performed in the laboratory for experimental economic research at the University of Innsbruck. The
experiment was computerized using zTree (Fischbacher, 2007), and students were recruited using
hroot (Bock et al., 2014)."° For each experimental condition, two sessions were conducted, with a
maximum of 24 subjects (3 matching groups) participating per session. To ensure the maximum
number of participants for each session, we invited up to six subjects more than needed.?’ Once the
session was full, the remaining subjects were each paid 4 Euros and dismissed. At the beginning of
each session, the market set-up was explained by one of the experimenters following a standardized
protocol. All subjects were given brief instructions that provided an overview of the decision problem.
Afterward, they were asked to read a detailed description of the game and to answer a set of control
questions that were incentivized to give each subject an initial endowment designed to offset any
resulting negative period profits (see the instructions and control questions below). Once all control
questions were answered correctly, the randomly assigned roles were revealed, and the subjects played
the game for 16 periods. In addition to the credence goods game, subjects participated in an individual
risk preferences task, a dictator game, a lying task, and a trust game; finally, they were asked to fill out
a post-experimental questionnaire (see Appendix C for the additional experimental instructions and the
questionnaire). At the end of the session, subjects received the payoffs from the credence goods game,
one randomly selected additional task, and a lump sum payment of 2 Euros for answering the post-
experimental questionnaire. The average earnings were 24.78 Euros, and the sessions lasted on

average 120 minutes.

19 Students who had previously participated in a credence goods game were excluded from the pool of subjects
as well as medical students.
20 In one session (condition M-Ex65), we only had 16 subjects (2 markets) due to a shortage of participants.
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Short Experimental Instructions (Credence Goods Game, endogenous monitoring condition)

Problem definition

¢ 16 periods

¢ 2 roles: physician and patient

e random role assignment (stays the same over the entire 16 periods)

e patient is suffering from an illness in each round

e 2 types of illness: minor and major illness

¢ illness is randomly determined in each new round

e 2 types of treatments are available for the physician: minor and major treatment

e ATTENTION: minor and major treatment cures minor iliness, BUT only major treatment
cures major illness.

e each period consists of a maximum of 4 decisions (see description below)

Information patient Information physician
* At no time does the patient know if he suffers ¢ Physician learns which illness the patient
from a minor or a major illness in the suffers from, when the patient decides to
respective period consult the physician
* The only information the patient receivesis.. ¢ Inaddition, the physician receives
* ... his payoff at the end of decision 3 information about ...
* ... his payoff at the end of decision 4 * ... his payoff at the end of decision 3
* and if hisillness is cured ... the decision 4 of the patient

* ... his payoff at the end of decision 4

eConsult a physician? YES or NO

DECiSion 1 * YES: Proceed to decision 2
. *NO: Period ends here:
patlent ePoints patient: —4

*Points physician: 0

*Type of treatment: MINOR or MAJOR?

Decision 2 *MINOR treatment: costs (C) for physician:
.. C = 2 points

thSIClan *MAJOR treatment: costs (C) for physician:
C = 6 points

ePrice of the treatmen (P) ?

Decision 3 *PRICE for MINOR treatment:
. P = 3 points

physician «PRICE for MAJOR treatment:
P = 8 points
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eMonitoring physician? YES od NO

oYES:
Decision 4

patient

eMonitoring costs for patient: M = 1 point

ePayoffs dependent on decision 2 and 3 see below
"treatment with monitoring"

*NO: Payoffs of physician and patient see below
| "treatment without monitoring"

Payoffs patient

Treatment without monitoring
(respectively payoff before
decision 4)

N-P

Treatment with monitoring

Scenario 1: Payoff to the patient is not below
the payoff received by the patient, when the
physician selects a minor treatment for a
minor illness and charges the price for the
minor treatment respectively selects a major
treatment for a major illness and charges the
price for the major treatment:

N—-P-—-M

Scenario 2: Payoff to the patient is below the
payoff received by the patient, when the
physician selects a minor treatment for a
minor illness and charges the price for the
minor treatment respectively selects a major
treatment for a major illness and charges the
price for the major treatment:
N—-P—-M+ M + compensation

lliness is cured: N = 10 points
lliness is not cured: N = 0 points
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Payoffs physician

Treatment without monitoring
(respectively payoff before
decision 4)

P-C

Treatment with monitoring

Scenario 1: Payoff to the patient is not below
the payoff received by the patient, when the
physician selects a minor treatment for a minor
illness and charges the price for the minor
treatment respectively selects a major
treatment for a major illness and charges the
price for the major treatment:

P—-C

Scenario 2: Payoff to the patient is below the
payoff received by the patient, when the
physician selects a minor treatment for a minor
illness and charges the price for the minor
treatment respectively selects a major
treatment for a major illness and charges the
price for the major treatment:

P — K — M — compensation



Long Experimental Instructions (Credence Goods Game, endogenous monitoring condition)

Welcome to this experiment! Thank you for your participation. Please read the following instructions
carefully. It is extremely important that you now remove all items, including other reading materials
and writing utensils from the table, and switch off your mobile phone, as well as any other electronic
devices. If you have a question, raise your hand and one of the experimenters will come to you to
answer your question privately. Please do not talk to any other participant during the experiment.

In this experiment, you can earn money. Your earnings will depend on your decisions and the
decisions of others. All your decisions and answers will be treated confidentially and evaluated
anonymously. To ensure your anonymity, the decisions that you make during the experiment will only
be assigned to your seat number.

Your payoff will be given in points during the experiment. At the beginning of the experiment, you
will receive an endowment of 11 points. In addition, answering the control questions gives you
another 5 points. The conversion rate of points into euros is as follows:

1 point = 60 Euro-cents

(i.e. 5 points = 3 Euro).

2 roles and 16 periods

This experiment consists of 16 periods, and each period has the same sequence of decisions. The
sequence of decisions is explained in detail below.

There are 2 roles in the experiment: patient and physician. At the beginning of the experiment you
will be randomly assigned to one of these roles and you will maintain that role for the entire
experiment. On the first screen you will see what role you are assigned.

A patient always interacts with a physician. However, the pairs change after each period. That is, in
each period, the computer randomly reassembles the pairs.

In your group, there are 4 players who take on the role of physicians and 4 players who take on the
role of patients. If you are a patient, then the 4 physicians in your group are your potential interaction
partners. If you are a physician, then your potential interaction partners are the 4 patients in your
group. At no point will you know which player you are interacting with.

All participants receive the same information regarding the rules of the game, including the costs and
payoffs for both players.

Overview of the decision situation

Every patient is suffering from an illness in each period. There are 2 types of illnesses, a minor and a
major illness. The type of illness a patient suffers from is randomly determined each new period. The
patient suffers a 50% chance from a minor illness and with a 50% chance from a major illness.
Imagine a coin toss in each period — if "head" shows up, then the patient suffers from a minor illness,
if "number" shows up, the patient suffers from a major illness. The patient will not be informed at
any time whether he suffers from a minor or a major illness in a particular period. The physician
learns what illness a patient suffers only when the patient decides to consult the physician. The
physician may then freely choose from one of two treatment types (minor or major treatment).
However, a major illness is only cured by a major treatment. A minor illness is cured by a minor
or a major treatment. Subsequently, the patient decides whether he wants to monitor the behavior
of the physician.
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Overview of the decisions in a period
Each single period consists of a maximum four decisions, made in succession. Decisions 1 and 4 are
made by the patient, and decisions 2 and 3 are made by the physician.

Course of decisions in a given period and presentation of their consequences

Decision 1

The patient decides whether he wants to consult a physician.

If so, the assigned physician treats the patient and sets a price (see below). However, the patient will
not be able to observe which treatment the physician chooses.

If not, this period ends.

Decision 2

If the patient chooses “Yes” in decision 1, each physician will learn the type of illness the patient
has before making his decision 2. Then the physician chooses a treatment. The patient will not be
informed at any time which treatment the physician has chosen.

The treatments incur a cost for the physician.

The minor treatment costs the physician 2 points (= experimental currency unit) and only cures a
minor illness.

The major treatment costs the physician 6 points (= experimental currency unit) and cures both
minor and the major illness.

The treatment can be chosen independently of the type of illness.

Decision 3
The physician charges a price for the treatment from the patient. Two prices are available:
e The price for the minor treatment is 3 points.

e The price for the major treatment is 8 points.
The chosen price does not need to be equal to the price of the treatment chosen in decision 2; it may

also be the price of the other treatment.

Decision 4

The patient and the physician will be informed prior to decision 4 about their respective payoffs so far
(details on payoffs will follow). The patient then decides whether to monitor the physician’s behavior.
If not, this period ends.

If so, the decision to monitor costs the patient 1 point. This results in 2 possible scenarios:

e Scenario 1: The monitoring of the physician’s behavior shows that the physician behaved in
such a way that the payoff to the patient is not below the payoff received by the patient,
when the physician sclects a minor treatment for a minor illness and charges the price for
the minor treatment respectively, or selects a major treatment for a major illness and
charges the price for the major treatment:

e Scenario 2: The monitoring of the physician’s behavior shows that the physician behaved in
such a way that the payoff to the patient is below the payoff received by the patient, when
the physician selects a minor treatment for a minor illness and charges the price for the
minor treatment respectively, or selects a major treatment for a major illness and charges
the price for the major treatment:

Payoffs

1) No interaction (Patient decides not to consult the physician)

If the patient ends the period in decision 1 (decision "no" of the patient), then he receives -4 points in
this period, i.e. he makes a loss of 4 points. The physician receives 0 points for this period.
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Otherwise (decision "yes" of the patient) the payoffs are as follows:

II) Interaction without monitoring the physician's behavior (patient decides to consult the physician
without monitoring the physician's behavior)

The physician will receive the price (in points) chosen in decision 3, minus the cost of the treatment
chosen in decision 2.

For the patient the payoff depends on whether the chosen treatment (by the physician in decision 2)
can cure his illness.

a) The treatment has cured the illness. The patient receives a benefit of 10 points minus the price
charged in decision 3.

b) The treatment did not cure the illness. The patient receives a benefit of 0 points minus the price
charged in decision 3.

II1) Interaction with monitoring the physician's behavior (patient decides to consult the physician
and monitor the physician's behavior)
You have to distinguish 2 possible scenarios:

e Scenario 1 (see description of scenario 1 above): This will not affect the payoffs (calculated
in II). The monitoring costs (1 point) will be paid by the patient.

o Scenario 2 (see description of scenario 2 above): In this case, the physician must
compensate the patient for the lost payoffs in monetary terms. In addition, the physician pays
the monitoring costs (1 point).

Two examples for illustration:

Example la:
o  The patient chooses "Yes" in decision 1.
o The patient suffers from a major illness.
o The physician chooses a major treatment and charges the price for a major treatment.
o  The patient does not monitor the physician's behavior.

Payoff patient: 10 - 8 =2
benefit price major
treatment treatment
Payoff physician: 8 - 6 =2
price major costs major
treatment treatment
Example 1b:

o The patient monitors the physician's behavior in the example above (la).

Compensation patient:
2 - 2 =0
| S — N ————
payof f patient benefit treatment
if physician choos minus price treatment
major treatment and (10-8= )

charg ©price for
major treatment
(10-8=)

Scenario 1 applies. The payoff of the patient and of the physician are calculated as follows:

Payoff patient:: 10 - 8 - 1 =1
benefit price major monitoring costs
treatment treatment
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Payoff physician: 8 — 6 =2
yoff phy. ‘ . '
price major costs major
treatment treatment

Example 2a:
o The patient chooses "Yes" in decision 1.

o The patient suffers from a minor illness.
o The physician chooses a major treatment and charges the price for a major treatment.
o The patient does not monitor the physician's behavior.
Payoff patient: 10 - 8 =2
benefit price major
treatment treatment
Payoff physician: 8 - 6 =2
price major costs major
treatment treatment
Example 2b:

o The patient monitors the physician's behavior in the example above (2a).

Compensation patient:
7 — 2 =5
| S ——— N ———
payoff patient benefit treatment
if physician chooses minus price treatment
minor treatment and (10—-8=2)

charges price for
minor treatment
(10-3=7)

Scenario 2 applies. The payoff of the patient and of the physician are calculated as follows:

Payoff patient: 10 - 8 + 5 =7
benefit price major compensation
treatment treatment
Payoff physician: 8 — 6 — 5 — 1 =—4
yoff phy. -8 ' 1
price major costs major compensation  monitoring
treatment treatment costs

The patient and the physician will be informed at the end of each period about their respective payoffs
in this period. In addition, the patient learns whether his illness has been cured and the physician
learns whether his behavior has been monitored.

At the end of the experiment, four periods will be drawn randomly for payment. For the calculation of
payoffs, the initial endowment and the profits or losses over the four payoff-relevant periods are added
together. From the initial endowment you can partially pay for possible losses in individual periods.
Note that in this experiment there is always an option to avoid losses with certainty. The total number
of points will be paid out in cash according to the above-mentioned exchange rate. By participating in
the experiment, you agree to these terms.

Experimental receipts can be found on your table. At the end of the experiment, please insert your
payoff from the experiment (which you can see on your final screen) on the receipt as well as your
first and last name in block letters and sign the receipt.
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Control Questions (Credence Goods Game, endogenous monitoring condition)

It is important to make sure that all participants have fully understood the experiment. Should

something have remained unclear, please ask the experimenter. You will receive 5 points (= 3 Euro)

for answering the questions correctly. Please answer the following questions:

Question Correct
Answer

1. How many decisions does a patient maximally make per period? 2

2. How many decisions does a physician maximally make per period? 2

Assess whether the statements below are true or false.

3. "The patient learns what illness he suffers from in a particular period." F

4. "If the physician cures the patient's illness, then the total payoff of the patient in F

that period is exactly 10 points."

5."Your initial endowment of 11 points is worth 6.60 euros." T

Please calculate the payoffs (in points) for the patient and the physician in the

following examples:

6. The patient chooses “No” in decision 1. Patient: -4
Physician: 0

7a. The patient chooses "Yes" in decision 1. Patient: 7

The patient suffers from a minor illness. Physician: 1

The physician chooses a minor treatment and charges the price for a minor

treatment.

The patient does not monitor the physician's behavior.

7b. Same situation as in 7a except that the patient monitors the physician’s behavior. | Patient: 6
Physician: 1

8a. The patient chooses "Yes" in decision 1. Patient: 2

The patient suffers from a minor illness. Physician: 6

The physician chooses a minor treatment and charges the price for a major

treatment.

The patient does not monitor the physician's behavior.

8b. Same situation as in 8a except that the patient monitors the physician’s behavior. | Patient: 7
Physician: 0

9a. The patient chooses "Yes" in decision 1. Patient: -8

The patient suffers from a major illness. Physician: 6

The physician chooses a minor treatment and charges the price for a major

treatment.

The patient does not monitor the physician's behavior.

9b. Same situation as in 9a except that the patient monitors the physician’s behavior. | Patient: 2
Physician: -5

The experiment continues as soon as all participants have answered the questions correctly.
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Appendix C

Experimental Instructions (part 2-5)

Part 2:
The experiment is not yet over. There are 4 more parts following. At the end of the experiment, one of
these parts (part 2, part 3, part 4 or part 5) is randomly selected for payment.

In part 2, you have to make a decision regarding your payoff as well as the payoff of another person.
This person is a patient who is supported by the organization "Licht fiir die Welt". The organization
“Licht fiir die Welt” is known worldwide for preventing and curing preventable blindness. It enables
eye surgery and supplies people with eye glasses and medicines for eye diseases in South America,
Africa and Asia. You have an endowment of € 12 and you need to decide how you want to divide the
money. There are two fields on your screen. One field is marked "amount for me" and the other field is
marked "amount for Licht fiir die Welt". The amounts you enter always have to add up to € 12, in
units of € 0.1 (i.e., 10 cents). The transfer will be made online at the end of the experiment. In order to
be able to donate to the organization "Licht fiir die Welt" correctly, we kindly ask the participant with
the ID 1 to confirm that the money has been transferred to the organization after the online transfer has
been made. As a reminder, this part will only be paid if part 2 is randomly selected for payment at the
end of the experiment. This also applies to the donation to "Licht fiir die Welt".

Part 3:

As a reminder, this part will only be paid if part 3 is randomly selected for payment at the end of the
experiment. Part 3 consists of 20 decisions. Below, you are asked to make a decision for each
situation. Each of your choices is a selection between "Option A" and "Option B".

"Option A" always offers an uncertain payoft: with 50% probability you will receive € 12, and a 50%
probability you receive € 0.

"Option B" always offers a safe payoff: with 100% probability you receive an amount that varies from
decision to decision (that is, you receive the guaranteed payoff of that row).

The decision situation will be presented to you on the screen as follows:

Part 3
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If part 3 happens to be paid out, one of the 20 decisions (lines) will be randomly selected for payment.
Additionally, it will be randomly determined if you won the lottery (you receive € 12) or if you lost
the lottery (you receive € 0) (if you have chosen the lottery option).

When you have made all decisions, please confirm with "OK".

Part 4:

As a reminder, this part will only be paid if part 4 is randomly selected for payment at the end of the
experiment. Part 4 is about guessing the outcome of a die roll in a situation marked by randomness.
You play 12 rounds of a dice guessing game. Thereby you should guess the number shown on the
dice. The more outcomes you guess correctly, the more money you earn. Each round of the game
works as follows:

1. First, guess what number will result from the die roll. If you have a number in your head, press the
"Next" button.

2. Now you see a dice rolled randomly by the computer. Below the dice you have to enter what
number you have guessed.

For each correctly guessed dice you receive 1 €. For each wrongly guessed die roll you receive 20
cents. The profits of all 12 rounds are added up at the end.

Part S:

As a reminder, this part will only be paid if part 5 is randomly selected for payment at the end of the
experiment. Part 5 works as follows: There are two roles, the role of player A and player B. Both
players have an initial endowment of € 4 each. Player A has to decide how much of this endowment
(between € 0 and € 4, in 50 cent increments) he wants to send to player B. The total amount sent to
player B is tripled. The rest is kept by player A (without tripling). Player B may then decide how much
of the tripled amount he wants to send back to player A. You have to decide in the role of player A
(see left side of the decision situation on the screenshot below) as well as in the role of player B (for
all possible situations, see the right side of the decision situation on the screenshot below). Only at the
end of the game it will be randomly determined in which role you are in. In addition, you will be
assigned to a partner playing the other role. You receive the payoff for your decisions in the role
chosen for you at random, in combination with the behavior of your randomly assigned partner.
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Part 5
Assume of player B at the end of the game
You have an initial endowment of €4,
Inthe all possible ¥ou may Aare isted.
Indicate for each i haw much i back {o player A in case the respecir
player A
{this amount) In this case | send ... back 1o player &
0
Assume you are randomly assigned the role of player A at the end
of the 5 15
How much of your intial endowment (€ 4) do you want to send to
player B?
sentosiers [ ] -
45

75

a0

05
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Questionnaire

Belief elicitation for M-ExUnk:

1) Before starting the experiment (i.e. before the first round of part 1), what was the probability
that you expected the computer to monitor the physician’s behavior in decision 4? Please enter
a number between 0 and 100.

2) After you have completed all 16 rounds of part 1 of the experiment: What do you think, with
what probability did the computer actually monitor the physician's behavior in decision 4?
(You will be paid to answer this question. The closer your estimate is to the actual probability,
the more money you will receive. If your estimate is +/- 5 percentage points of the actual
value, you will receive an additional 1 euro if your estimate is +/ - 10 percentage points of the
actual value, then you will receive an additional 50 cents, otherwise you will not receive an
additional payment. Please enter a number between 0 and 100.)

BIG Five Personality Test:
How well do the following statements describe your personality?

I see myself as someone who ... Disagree Disagree | Neither Agree a little | Agree
strongly a little agree nor strongly
disagree
... is reserved (1) (2) (3) 4) (5)
... is generally trusting (D (2) (3) 4) (%)
... tends to be lazy (1) 2) (3) 4) (5)
... is relaxed, handles stress well ) 2 3) “) (5
... has few artistic interests (1) 2) (3) 4) (5)
... is outgoing, sociable ) (2) (3) 4) (5)
... tends to find fault with others (1) ) ?3) 4) 6)
... does a thorough job (1) 2 (3) (4) (5)
... gets nervous easily (D) () (3) 4) (5)
.. has an active imagination (1) 2) (3) 4) (5)

Please indicate your gender: 0 male o female

How old are you?

Which field of study are you in? Which subject do you study? (If you are doing several studies, please
indicate all and write the study program in parenthesis)

Semester

What was your average monthly net income over the last year, taking into account all sources of
income such as scholarships, student loans, earned income, parental financial support, etcetera? Please
round to the nearest ten Euro.

How often do you practice your religion? o often o rarely o0 never

Please enter here your (average) grade from the Matura/Abitur certificate.

Which grading scale was used in your Matura/Abitur certificate? o 1-5 (5 worst rating), o 1-6 (6 worst
rating), 0 1-10 (10 best rating), o 0 -15 (15 best rating), o 0 -100 (100 best rating), O other (please
specify including explanation).

How do you rate your past average school achievements compared to your former classmates? Answer
on a scale from 0 -100 (0 you are the worst student in the class, 100 you are the best student in the
class).

How many times have you visited a physician in the last 12 months (including all routine check-ups at
the general practitioner, dentist etc.)?
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Have you ever had the impression that a physician is performing more or fewer treatments than
necessary or is charging for services that he has not provided? o Yes o No

If so, what did you do? o no experience with monitoring, 0 approaching the physician’s office, O
contacting a medical association or a patient protection organization, 0 nothing, o other:

Were the instructions clear and understandable for you? What could possibly be improved?

Do you have any other comments for us?
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Appendix D
Detailed predictions and proofs:

We assume that both — patients and physicians — are rational, risk neutral, and maximize their own
payoff. All information but the patients’ type is common knowledge. We apply the Perfect Bayesian
Equilibrium concept. We assume that physicians provide the appropriate treatment and charge the
appropriate price if they are indifferent. In our proofs, we follow Dulleck et al. (2011) and restrict the
analysis to the existence of symmetric equilibria.

Provision and charging policy of physicians.

1. B: Physicians provide the minor treatment and charge for the major treatment.

2. M-End: Physicians provide the appropriate treatment and charge the appropriate price.

3. M-EndHc: Physicians provide the appropriate treatment and charge the appropriate price.

4. M-EndUnc: Physicians provide the appropriate treatment and charge for the major treatment.

5. M-Ex65: Physicians provide the appropriate treatment and charge for the major treatment.

6. M-Ex35: Physicians provide the minor treatment and charge for the major treatment.

7. M-ExI10: Physicians provide the minor treatment and charge for the major treatment.

8. M-End-Nolnfo: Physicians provide the appropriate treatment and charge the appropriate
price.

Predictions on patients visiting a physician:

—

B: Patients visit the physician.

2. M-End: Patients visit the physician. Patients require monitoring if they observe a payoff-
signal in {-3,-8}, patients require monitoring with probability a=5/6 if they observe a payoff-
signal of 2 and patients do not require monitoring if they observe a payoftf-signal of 7.

3. M-EndHec: Patients visit the physician. Patients require monitoring if they observe a payoff-
signal in {-3,-8}, patients require monitoring with probability a=5/8 if they observe a payoff-
signal of 2 and patients do not require monitoring if they observe a payoftf-signal of 7.

4. M-EndUnc: Patients visit the physician. Patients require monitoring if and only if they

observe a payoff-signal in {2,-3,-8}.

M-Ex65: Patients visit the physician.

M-Ex35: Patients visit the physician.

M-Ex10: Patients visit the physician.

M-End-Nolnfo:Patients visit the physician. Patients require monitoring with probability

a=5/6.

N

B:

Patients Beliefs: For each period, each patient beliefs that each physician provides a minor treatment
and charges a major treatment.

Patients Strategy: For each period, each patient visits the randomly matched physician.
Physicians’ Strategy: For each period, provide the minor treatment and charge for the major treatment.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Next turning to patients
strategy: In each period it is rational for patients to interact as 0.5(10 — 8) + 0.5(0 — 8) = =3 > —4.
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Finally, considering physicians’ strategy, providing the minor treatment and charging for the major
treatment maximizes physicians’ payoff given that patients always visit a physician. QED.

M-End:

Patients Beliefs: For each period, each physician provides the appropriate treatment and charges the
appropriate price.

Patients Strategy: For each period, each patient visits the randomly matched physician. Each patient
requires monitoring with probability 1 if the patient receives a payoft-signal of -3 or -8. Each patient
requires monitoring with probability a=5/6 if the patient receives a payoff-signal of 2. Each patient
does not require monitoring if the patient receives a payoff signal of 7.

Physicians Strategy: For each period, each physician provides the appropriate treatment and charges
the appropriate price.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy:

e Ifpatients observe a payoff-signal of -8, patients learn that they have been undertreated and
been charged a major treatment. Monitoring leads to a final payoff of 2. Hence, it is strictly
better for patients to require monitoring.

e Ifpatients observe a payoff-signal of -3, patients learn that they have been undertreated and
been charged a minor treatment. Monitoring leads to a final payoff of 2. Hence, it is strictly
better for patients to require monitoring.

e Ifpatients observe a payoff-signal of 2, patients randomize monitoring with probability a=5/6.
Monitoring leads to an expected payoff of 0.5((10 —3)a+ (10-8)(1 — a)) +
0.5((10 -8 — 1)a + (10 — 8)(1 — a)) = 3.667 with a > 5/6. Maximizing his payoff, the
patient monitors with probability a. Not monitoring would lead to a payoff of 2.

e Ifpatients observe a payoff-signal of 7, patients learn that they have been treated sufficiently
and have been charged the minor treatment. Hence, it is strictly better for patients not to
require monitoring.

Hence, given the above patient strategy, visiting a physician is strictly better than not visiting a
physician (0.5(10 — 3) + 0.5(10 =8 —a x 1) = 4.083 > —4.00 witha = 5/6).

Finally looking at physicians’ strategy for each period shows:

e In the above listed equilibrium, each physician provides the appropriate treatment and charges
the appropriate price leads to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.50.
e Deviations:
o Each physician provides the appropriate treatment and charges for the major treatment
which leads to the following payoff: 0.5((8 —2—5—1)a+ (8 —2)(1 —a)) +
0.5(8—6) = 1.50 witha = 5/6.
o Each physician provides the minor treatment and charges the price for the major
treatment which leads to the following payoft: 0.5((8 —2-5-1a+(@B-2)1-
a)) +05(8—-2—10—1) = —2 witha = 5/6.
o Note that providing always the major treatment is dominated for any pricing strategy
by providing the appropriate treatment.
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QED.

M-EndHc:

Patients Beliefs: For each period, each physician provides the appropriate treatment and charges the
appropriate price.

Patients Strategy: For each period, each patient visits the randomly matched physician. Each patient
requires monitoring with probability 1 if the patient receives a payoft-signal of -3 or -8. Each patient
requires monitoring with probability a = 5/8 if the patient receives a payoff-signal of 2. Each patient
does not require monitoring if the patient receives a payoff-signal of 7.

Physicians Strategy: For each period, each physician provides the appropriate treatment and charges
the appropriate price.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy:

e Ifpatients observe a payoff-signal of -8, patients learn that they have been undertreated and
been charged a major treatment. Monitoring leads to a final payoff of 2. Hence, it is strictly
better for patients to require monitoring.

e If patients observe a payoff-signal of -3, patients learn that they have been undertreated and
been charged a minor treatment. Monitoring leads to a final payoff of 2. Hence, it is strictly
better for patients to require monitoring.

e Ifpatients observe a payoff-signal of 2, patients randomize monitoring with probability a =
5/8. Monitoring leads to an expected payoff of 0.5((10 —3)a+ (10-8)(1 — a)) +
0.5((10 — 8 — 3)a + (10 — 8)(1 — a)) = 2.625 with a > 5/8. Maximizing his payoff, the
patient monitors with probability a. Not monitoring would lead to a payoff of 2.

e If patients observe a payoff-signal of 7, patients learn that they have been treated sufficiently
and have been charged the minor treatment. Hence, it is strictly better for patients not to
require monitoring.

Hence, given the above patient strategy, visiting a physician is strictly better than not visiting a
physician (0.5(10 — 3) + 0.5(10 — 8 —a x 3) = 3.5625 > —4.00 with a = 5/8).

Finally looking at physicians’ strategy for each period shows:

e In the above listed equilibrium, each physician provides the appropriate treatment and charges
the appropriate price leads to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.50.
e Deviations:
o Each physician provides the appropriate treatment and charges for the major treatment
which leads to the following payoff: 0.5((8 —2-5-3)a+(B-2)(1- a)) +
0.5(8-6) = 1.5 witha =5/8.
o Each physician provides the minor treatment and charges the price for the major
treatment which leads to the following payoff: 0.5((8 —2 — 5 —3)a + (8 — 2)(1 —
a)) +0.5(8—2—10—3) = -3 witha = 5/8.
o Note that providing always the major treatment is dominated for any pricing strategy
by providing the appropriate treatment.
QED.

M-EndUnc:
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Patients Beliefs: For each period, each physician provides the appropriate treatment and charges the
price for the major treatment.

Patients Strategy: For each period, each patient visits the randomly matched physician. Each patient
requires monitoring with probability 1 if the patient receives a payoff-signal of 2, -3 or -8. Each
patient does not require monitoring if the patient receives a payoff-signal of 7.

Physicians Strategy: For each period, each physician provides the appropriate treatment and charges
the price for the major treatment.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy:

e Ifpatients observe a payoff-signal of -8, patients learn that they have been undertreated and
been charged a major treatment. Monitoring leads to a final payoff of 2. Hence, it is strictly
better for patients to require monitoring.

e Ifpatients observe a payoff-signal of -3, patients learn that they have been undertreated and
been charged a minor treatment. Monitoring leads to a final payoff of 2. Hence, it is strictly
better for patients to require monitoring.

e Ifpatients observe a payoff-signal of 2, patients monitor. Monitoring leads to a final payoff of
0.5(10 — 8 — 1) + 0.5(0.8(10 — 3) + 0.2(10 — 8 — 1)) = 3.4 whereas not monitoring leads
to a payoff of 0.5(10 — 8) + 0.5(10 — 8) = 2.

e Ifpatients observe a payoff-signal of 7, patients learn that they have been treated sufficiently
and have been charged the minor treatment. Hence, it is strictly better for patients not to
require monitoring.

Hence, given the above patient strategy, visiting a physician is strictly better than not visiting a
physician 0.5(0.8(10 — 3) 4+ 0.2(10 —8 — 1)) + 0.5(10 — 8 — 1) = 3.40 > —4.00.

Finally looking at physicians’ strategy for each period shows:

¢ In the above listed equilibrium, each physician provides the appropriate treatment and charges
the price for the major treatment. This leads to the following payoff: 0.5(0.8(8 —2—-5-
1) +0.2(8 — 2)) + 0.5(8 — 6) = 1.60.

e Deviations:

o Each physician provides the appropriate treatment and charges the appropriate price
which leads to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.50.

o Each physician provides the minor treatment and charges the price for the major
treatment which leads to the following payoff: 0.5(0.8(8 —2—5—1) +
0.2(8—2))+0.5(08(8—2—-10—-1)+0.2(8 —2)) = —0.8.

o Note that providing always the major treatment is dominated for any pricing strategy

by providing the appropriate treatment.
QED.

M-Ex65:

Patients Beliefs: For each period, each patient beliefs that each physician provides the appropriate
treatment and charges for the major treatment.

Patients Strategy: For each period, each patient visits the randomly matched physician.

47



Physicians Strategy: For each period, each physician provides the appropriate treatment and charges
for the major treatment.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy, it is rational for patients to interact. Interacting leads to an expected payoft of 0.5(0.65(10 -
3) + 0.35(10 — 8)) + 0.5(10 — 8) = 3.625 > —4. Finally looking at physicians’ strategy for each
period shows:

e In the above listed equilibrium, each physician has the following expected payoff in each
period: 0.5(0.65(8 —2 — 5 — 1) + 0.35(8 — 2)) + 0.5(8 — 6) = 2.05.
e Deviations:
o Each physician provides the appropriate treatment and charges the appropriate price
would lead to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.50.
o Each physician provides the minor treatment and charges the price the for major
treatment leads to the following payoff: 0.5(0.65(8 —2—-5-1)+0.35(8 — 2)) +
0.5(0.65(8 —2 —10 — 1) 4+ 0.35(8 — 2)) = 0.475.
o Note that providing always the major treatment is dominated for any pricing strategy

by providing the appropriate treatment.
QED.

M-Ex35:

Patients Beliefs: For each period, each physician provides the minor treatment and charges for the
major treatment.

Patients Strategy: For each period, each patient visits the randomly matched physician.

Physicians Strategy: For each period, each physician provides the minor treatment and charges for the
major treatment.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy, it is rational for patients to interact. Interacting leads to an expected payoft of 0.5(0.35(10 -
3)) + 0.5(0.65(—8)) + 0.5(10 — 8) = —0.375 > —4. Finally looking at physicians’ strategy for
each period shows:

e In the above listed equilibrium, each physician provides the minor treatment and charges the
major price leading to the following payoff: 0.5(0.35(8 —2—-5-1)4+0.65(8 — 2)) +
0.5(0.35(8 —2—10 — 1) 4+ 0.65(8 — 2)) = 3.025.

e Deviations:

o Each physician provides the appropriate treatment and charges for the major treatment
leads to the follow payoff: 0.5(0.35(8 —2 — 5 —1) + 0.65(8 — 2)) + 0.5(8 — 6) =
2.95.

o Each physician provides the appropriate treatment and charges the appropriate price
leads to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.50.

o Note that providing always the major treatment is dominated for any pricing strategy
by providing the appropriate treatment.

QED.
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M-Ex10:

Patients Beliefs: For each period, each physician provides the minor treatment and charges for the
major treatment.

Patients Strategy: For each period, each patient visits the randomly matched physician.

Physicians Strategy: For each period, each physician provides the minor treatment and charges for the
major treatment.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy, it is rational for patients to interact. Interacting leads to an expected payoff of 0.5(0.10(10 —
3)) 4+ 0.5(0.90(0 — 8)) + 0.5(10 — 8) = —2.25 > —4. Finally looking at physicians strategy for
each period shows:

¢ In the above listed equilibrium, each physician provides the minor treatment and charges the
major price leading to the following payoff: 0.5(0.10(8 —2 — 5 — 1) + 0.90(8 — 2)) +
0.5(0.1(8—2-10-1) +0.9(8 — 2)) = 5.15.
e Deviations:
o Each physician provides the appropriate treatment and charges for the major treatment
leads to the follow payoff: 0.5(0.10(8 — 2 — 5 — 1) + 0.90(8 — 2)) + 0.5(8 — 6) =
3.70.
o Each physician provides the appropriate treatment and charges the appropriate price
leads to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.50.
o Note that providing always the major treatment is dominated for any pricing strategy

by providing the appropriate treatment.
QED.

M-End-Nolnfo:

Patients Beliefs: For each period, each physician provides the appropriate treatment and charges the
appropriate price.

Patients Strategy: For each period, each patient visits the randomly matched physician. Each patient
requires monitoring with probability a=5/6.

Physicians Strategy: For each period, each physician provides the appropriate treatment and charges
the appropriate price.

Verification: Patients’ beliefs are consistent with physicians’ strategy. Given the above physician
strategy:

e Patients randomize monitoring with probability a=5/6. Monitoring leads to an expected payoff
of0.5(10—-3—-ax1)+05(10-8—a x1) = 3.667 with a = 5/6. Maximizing his
payoff, the patient monitors with probability a. Not monitoring would lead to an expected
payoff of 0.5(10 — 8) + 0.5(0 — 8) = —3.

Hence, given the above patient strategy, visiting a physician is strictly better than not visiting a
physician (0.5(10 -3 —ax 1)+ 05(10 -8 —a x 1) = 3.667 > —4.0 witha = 5/6).

Finally looking at physicians’ strategy for each period shows:
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In the above listed equilibrium, each physician provides the appropriate treatment and charges
the appropriate price leading to the following payoff: 0.5(3 — 2) + 0.5(8 — 6) = 1.5.
Deviations:

o Each physician provides the appropriate treatment and charges for the major treatment
which leads to the following payoff: 0.5((1 —a)(8 —2) +a(8—2-5—-1)) +
0.5(8—6) = 1.5 witha = 5/6.

o Each physician provides the minor treatment and charges the price for the major
treatment which leads to the following payoff: 0.5((1 —a)(8 —2) + a(8 —2 —5 —
1))+05x((1-a)(8-2)+a(8—2—10—1)) = —1.083 witha = 5/6.

o Note that providing always the major treatment is dominated for any pricing strategy
by providing the appropriate treatment.

QED.

Efficiency levels:

In equilibrium, the efficiency calculated as h}}; =

(total market surplus);

with i € {H,L} for our

aximum possible surplus);

conditions is shown below. The total market surplus for both illnesses is the sum of the payoff from
the patient and the physician minus the monitoring costs in case of exogenous monitoring and the
maximum possible surplus is the sum of the payoff from the patient and the physician if the physician

provides the appropriate treatment.

B:0.5(—2/4+8/8) = 0.25

M-End: 0.5 (lii + 8/8) =0.90

M-EndHe: 0.5(2.125/4 + 8/8) = 0.77
M-EndUnc: 0.5(3/4 +7/8) = 0.81
M-Ex65: 0.5((4 — 0.65)/4 + 7.35/8) = 0.88

where 0.65 are the monitoring costs that the exogenous institution has to cover in cases of honest
provision and charging behavior of the physician. Since in M-Ex65 physicians provide the
appropriate treatment and charge honestly when Nature draws the major health problem, the
monitoring costs that the exogenous institution absorb amount to 0.65 X 1 = 0.65.

M-Ex35: 0.5(—2.35/4 + 7.65/8) = 0.18
M-Ex10: 0.5(=2.1/4 + 7.9/8) = 0.23

M-End-Nolnfo: 0.5 (X2 + 2L) = 0.84
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Abstract

This paper investigates the impact of monitoring institutions on market outcomes in
health care. Health care markets are characterized by asymmetric information. Physicians
have an information advantage over patients with respect to the appropriate treatment
for the patient and may exploit this informational advantage by over- and underprovision
as well as by overcharging. We introduce two types of costly monitoring, endogenous
and exogenous. When monitoring detects misbehavior, physicians have to pay a fine. En-
dogenous monitoring can be requested by patients, whereas exogenous monitoring is
performed randomly by a third party. We present a toy model that enables us to derive
hypotheses and to test them in a laboratory experiment. Our results show that intro-
ducing endogenous monitoring reduces the level of undertreatment and overcharging.
Even under high monitoring costs, the threat of patient monitoring is sufficient to discipli-
ne physicians. Introducing exogenous monitoring also reduces undertreatment and over-
charging when it is performed sufficiently frequently. Market efficiency increases when
endogenous monitoring is introduced as well as when exogenous monitoring is imple-
mented with sufficient frequency. Our results, therefore, suggest that monitoring may
be a feasible instrument to improve outcomes in health care markets.
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