
1  |  INTRODUCTION

Improving the quality of healthcare is a key objective in the design of healthcare markets. Empirical evidence suggests 
that physicians’ experience is an important element in ensuring the quality of medical treatment. Junior physicians pro-
vide a lower quality of treatment than senior physicians. Mortality and morbidity rates are significantly higher in cohort 
turnover months—often referred to as the “August Killing Season”—than in other months (Young et al., 2011). Junior 
physicians can improve their skills and reach a senior level by treating a sufficiently large number of patients. However, 
patients prefer treatment by a senior physician.1 Yet, rejecting a junior physician inhibits these physicians’ learning pro-
cess. Thus, the rejection of junior physicians reduces welfare in the long term. Our paper investigates the conditions that 
lead to reduced social welfare when patients have the freedom to choose their physician.

We employ a theoretical model to compare social welfare outcomes in a monopolistic market with those in a compet-
itive market. There is one hospital with two junior and two senior physicians in the monopolistic market. There are two 
symmetric hospitals in a competitive market, each with one junior and one senior physician. Senior physicians provide 
a higher quality of treatment than junior physicians. If a junior physician treats enough patients during the first period, 
he will be a senior physician during the second period. Each physician has the same capacity to treat a quarter of the 
patient population. If the demand for a physician exceeds his immediate capacity, patients visiting this physician incur 
heterogeneous waiting costs. Waiting costs increase in parallel with excess demand. Each hospital either lets patients 
freely choose their physician or matches patients randomly to physicians. We refer to the former as a free-choice system 
and the latter as a random-allocation system.
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Abstract
We present a model of learning in healthcare markets. Hospitals have junior 
physicians with low and senior physicians with high ability. Junior physicians 
turn senior if they treat enough patients. Patients face heterogeneous costs for 
waiting if a physician's capacity is utilized. Hospitals choose to either allocate 
patients to physicians randomly or let patients choose their physicians. In a 
monopolistic market, the hospital always chooses the welfare-maximizing al-
location system. In a competitive market, inefficiencies may arise due to two 
externalities. If patients are free to choose their physician, the marginal patient 
neither internalizes her impact on other patients' waiting costs nor the learning 
of junior physicians.
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Our model reflects a public health system in which treatment prices are regulated, and price discrimination be-
tween junior and senior physicians is impossible. Hospitals announce their allocation system at the beginning of each 
of the two periods. Patients then decide which hospital to visit and, in the free-choice system, which physician to con-
sult. Both the random-allocation and the free-choice systems are used in European countries. In Germany, Austria, 
and Switzerland, the two systems co-exist. Privately insured patients can freely choose a hospital and a physician to 
visit. In contrast, publicly insured patients can freely choose a hospital, but they are randomly assigned to one of the 
hospitals' physicians.

Our paper contributes to the design of healthcare markets. In particular, we add to the existing literature by provid-
ing a model that allows us to identify the welfare-maximizing allocation system for any distribution of junior and senior 
physicians. Our results show that the hospital is indifferent to whether it implements the free-choice system or the ran-
dom-allocation system in a monopolistic market. The reason is that under both systems, all patients are treated by the 
same hospital. Under a free-choice system, more patients are treated by a senior physician than a junior physician. Only 
under the random-allocation system do junior physicians treat enough patients in the first period to become senior in the 
second period. Hence, the policy-maker trades off between offering patients high-quality treatments in the first period 
and enhancing the learning of junior physicians for the second period.

We show that under competition, hospitals implement the system that maximizes social welfare if the quality dif-
ference is either large or small. In the case of a large quality difference, both hospitals and policy-makers prefer the 
free-choice system. In the case of a small quality difference, hospitals and policy-makers prefer to implement the ran-
dom-allocation system. However, for intermediate quality differences, hospitals prefer the free-choice system over the 
random-allocation system although the random-allocation system would lead to a higher level of social welfare. The 
deviation of market equilibrium from the socially optimal choice stems from market imperfection.

Patients' choices may generate a positive or negative externality for other patients. Under a free-choice system, the 
marginal patient whose visit makes a junior physician senior generates a positive externality for all other patients in the 
next period. However, when patients are waiting for a physician, each additional visiting patient imposes a negative ex-
ternality on other waiting patients. The competition between hospitals creates a Prisoner's Dilemma in which choosing 
a free-choice system becomes the dominant strategy although the socially optimal outcome would be that both hospitals 
choose a random-allocation system.

From a more general perspective, healthcare quality can be measured by multiple dimensions. Patients' allocation to 
physicians is just one dimension of quality in healthcare markets. Other dimensions of quality include the hospital's inte-
rior, the quality perceived by patients, the waiting time, and the actual quality of care, for instance. If patients shift focus 
from one dimension of quality to another, the market outcomes will be different (see Huesmann and Mimra [2021]). To 
the best of our knowledge, we are the first to study the impact of the allocation systems in hospitals on social welfare. 
A remarkable result in our model is that competition in the healthcare market does not necessarily improve care qual-
ity, which differs from previous literature. In the previous literature, when patients can freely choose their treatment 
providers, competition among providers triggers quality improvement because the price is regulated, and quality is the 
only factor that providers can use to attract more patients. If physicians can improve the quality of care without treating 
patients directly, for example, by theoretical knowledge, each physician can improve his care quality no matter how many 
patients he treats. However, if the quality of care can be improved by physicians exclusively treating patients, competition 
does not always lead to quality improvement. Hospitals trade-off the practical experience of their physicians and their 
hospitals' quality of care. If patients can freely choose their physician, they prefer to visit senior over junior physicians 
due to these physicians’ higher ability. Nevertheless, senior physicians who cannot improve their skills anymore serve 
more patients. Hence, junior physicians who could improve their skills lack chances to improve their quality of care. This 
generates a loss of welfare.

This paper relates to at least three strands of the literature: the literature on patients' free choice and quality in health-
care markets, learning, and public policy.

Quality: The paper most closely related to our paper is Brekke et al. (2008). The authors investigate the impact 
of patients' free choice of hospitals (competition) on waiting times in a healthcare market with regulated prices. 
Brekke et al. make use of the static Salop model with heterogeneous patients. Then the introduction of competition 
may have an ambiguous effect on waiting time. Only when the competitive demand segment is sufficiently small, 
hospital competition reduces waiting times. In a follow-up article, Sá et al. (2019) allows for dynamics in the above 
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environment. Additionally, the authors assume that a policy-maker can punish hospitals for long waiting times. 
They show that as long as hospitals can be held liable for waiting times, increasing patients' choices also leads 
to increases in hospitals' waiting times in equilibrium. Greater patient choice makes demand more responsive to 
changes in waiting times. The authors show that a unilateral reduction in waiting time at a hospital leads to a larger 
demand for that hospital.

Beitia (2003) investigates patients' hospital choice in a market with regulated prices. The benevolent regulator may 
not be able to enforce the hospitals' qualities. Furthermore, the regulator may have incomplete information. The author 
shows that competition between hospitals via quality can be used as a device to maintain an appropriate level of services 
in a duopoly market. Hehenkamp and Kaarbèe (2020) show that whether the competition from the private for-profit 
hospitals increases the public hospital's quality depends on the regulated price level.

Ma (1994) focuses on the trade-off between quality provision and cost retainment in health care. Ma shows that a 
first-best prospective payment exists if and only if physicians cannot refuse the treatment of high-risk patients. Chalkley 
and Malcomson (1998) show that physicians’ payments may differ between capitation and cost reimbursement. They 
show that the optimal contract depends on providers' preferences. If the provider is entirely benevolent, incentives be-
tween physicians and patients are aligned. Consequently, an entirely benevolent provider offers optimal patient care. If 
the provider is entirely selfish, the opposite is true: preferences are aligned against each other. Therefore, total cost-shar-
ing would be the optimal payment scheme for entirely selfish physicians.

Brekke et al. (2007) study the impact of gate-keeping on quality in healthcare markets. General practitioners act as 
gatekeepers. Gatekeepers separate between minorly ill patients and heavily ill patients. The authors show that compul-
sory gate-keeping may lead to excessive quality competition in the secondary market. Brekke et al.  (2011) show that 
in a model of price regulation, introducing price competition among hospitals may have ambiguous effects on quality 
provision.

The empirical literature mainly supports the finding that patients choose their hospital based on the hospitals' quality 
(Howard, 2006; Tay, 2003; Varkevisser et al., 2012). Cooper et al. (2011) exploits a reform by a natural field experiment in 
Great Britain to show that competition among hospitals increases quality, measured as a reduction in mortality. Brekke 
et al. (2014) provide an excellent overview on patients' choice of hospitals.

Learning: Sobel (2000) defines learning as making a suboptimal decision in one period in order to obtain information 
that will improve future decision-making. Gong (2017) shows that this learning-by-doing plays a crucial role in skill ac-
quisition by junior physicians. Our paper uses the learning-by-doing concept. Whereas Gong (2017) aims to differentiate 
different channels of learning, our analysis will reveal whether a learning process is welfare optimal, given the difference 
in physicians’ ability. Narayanan and Manchanda (2009) point out that junior physicians might not necessarily learn 
homogeneously. For simplicity, however, we will focus on a model in which the learning experience of physicians is 
identical.

Physicians’ learning could be driven by extrinsic rewards or intrinsic motives (Prendergast, 1999). As Rebitzer and 
Taylor (2011) argue, the incentives provided by employers are essential for employees to improve their skills. In our mod-
el, instead of investigating the motives of learning, we focus on how the learning process is influenced by the choice of 
patient allocation system.

Public policy: As to public policy in healthcare markets, Cutler (1996) argues that there are two fields in which gov-
ernments may want to intervene: externalities arising from individuals' behavior and distortions in markets for medical 
care. Our paper shows that such externalities may arise in a free-choice system if physicians are capacity constrained. 
Cuff et al. (2012) compare individuals' willingness to pay for budget-constrained public health insurance under a need-
based allocation versus a random allocation of budget resources. In a follow-up article, the authors test their theoretical 
model (Buckley et al., 2012). In contrast to Cuff et al. (2012) and Buckley et al. (2012), our focus is on the allocation of 
patients to physicians rather than the rationing of access to care. We allow all patients to be treated, but waiting times 
may delay treatment.

Section 2 presents a basic model with a monopolistic hospital. Section 3 introduces competition to the healthcare 
market. Section 4 describes the subgame perfect Nash equilibrium and its implications for social welfare. Section 5 dis-
cusses our model assumptions and possible extensions. Section 6 concludes the study.
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2  |  BASIC MODEL: HOSPITAL ACTS AS MONOPOLIST

Players: There is a payoff-maximizing monopolistic hospital with four physicians. The physicians are heterogeneous 
in experience. Two of them are junior physicians and two are senior. Senior physicians always cure patients. The junior 
physicians cure patients with probability  0 1a . Learning-by-doing allows junior physicians to become senior physi-
cians if they treat enough patients. We assume that junior physicians have to treat at least a quarter of the population to 
attain senior status.2 Each physician is capacity constrained and can only serve a quarter of the population. If the number 
of patients exceeds the physician's immediate capacity, patients have to wait. Ex-ante, it is not apparent whether senior 
physicians have higher costs in treating patients than junior physicians. On the one hand, costs might be higher for 
senior physicians because their time is more costly; on the other hand, senior physicians may have lower costs because 
their diagnosis and treatment are much quicker. Hence, we stick to the identical costs for junior and senior physicians. 
However, the qualitative results are robust to heterogeneity in costs. Furthermore, we normalize the physicians’ costs for 
providing treatment to zero.

There is a continuum of payoff-maximizing patients with mass 1. Patients observe quality differences of physicians, 
which is supported by empirical evidence (see literature review in Section 1). Patients are heterogeneous with respect 
to the costs of waiting if that physician's capacities are exhausted. A patient's waiting cost is given by T , where T  is 
the average waiting time, and   is the degree of the patient's dislike to wait.   follows a uniform distribution over [0,1]. 
The dislike-to-wait index   is information private to each patient, so that a hospital cannot sort patients based on  . We 
assume that health insurance is mandatory for all patients. Furthermore, the health insurance company fully covers all 
healthcare expenses.

Actions: The hospital chooses to implement either the random-allocation system or the free-choice system. Implementing 
the random-allocation system (i) allows junior physicians to learn and (ii) reduces the likelihood that patients will have 
to wait for treatment. Implementing the free-choice system increases the patients' demand for treatment as long as the 
senior physicians have not yet exhausted their capacities. Patients choose their physician if the hospital implements a 
free-choice system.

Payoffs: The hospital's payoff   is determined by the mass of patients who visit the hospital. The hospital receives 
a payment p from the health insurance company for each treatment provided by a physician,3 no matter whether 
the patient is cured or not. As fees are regulated, we assume that price discrimination between junior and senior 
physicians is impossible. We provide supporting evidence for this assumption as well as a discussion in Section 5. 
The patients' payoff depends on whether treatment was successful. Successful treatment leads to a value of 1 for 
the patient; otherwise, the treatment has a value of 0. If a patient does not visit a physician, she obtains an outside 
value of 0. Because health insurance is mandatory, each patient pays an amount p for the health insurance plan. 
The insurance company makes zero profits.4 Patients receive utility   u q T p in each period, where q is the 
treatment quality they receive, with  1q  if they are treated by senior physicians, while q a if they are treated by 
junior physicians.

Timing: The hospital and patients play the following stage game for two periods:

1.	 �The hospital announces whether it is implementing a random or a free-choice system for assigning patients to 
physicians.

2.	 �Observing the allocation systems, each patient decides which hospital (and in the case of the free-choice system, 
which physician) to visit.

We assume that all players have a discount factor of 1. We assume that the waiting list will be cleared within the 
period. First, when physicians are over-demanded, they can stretch their capacity by working overtime to treat all 
waiting patients within this period. In practice, the German healthcare system guarantees that patients can make an 
appointment with a specialist within 4 weeks, which can be seen as an example of our assumption. Second, compared 
to patient's waiting, physician's learning takes a longer time. Therefore, we assume that patient's waiting is a within 
period event and physician's learning is a cross-period event. Finally, this assumption ensures that no patients are 
left without treatment at the end of the game. Note that a monopolist will have no incentive to change the allocation 
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system between the two periods. In the following, we study the hospital's payoff, the patients' choices, and the level of 
social welfare under each system.

2.1  |  Random-allocation system

In 1t , patients are randomly assigned to a physician. If a patient visits the hospital, she has an expected treatment value 

of 
1
2

a
. Otherwise, the patient receives a treatment value of 0. Given that each patient has to pay the health insurance 

fee p, every patient will visit a physician. Each patient receives an expected utility 
 1

1
2

au p. The total of all patients' 
utilities is  

 
1

10

1
2

au d p.
Each physician treats a quarter of the population in the random-allocation system. Since each physician can serve a 

quarter of the population, there never is a queue. This allows each physician to earn a payoff of 
4
p

, and the total payoff 

for the hospital amounts to  1
r p.

The social welfare in 1t  is

  
  

1
1 1 10

1 .
2

r r aw u d�

In  2t , patients are still randomly assigned to a physician. Each physician still treats a quarter of the population. 
Each physician earns the same payoff as before, and the same is true of the hospital. However, since a junior physician 
gains seniority due to having treated enough patients in 1t , each patient's utility becomes  2 1u p. Therefore, the so-
cial welfare in  2t  is

   
1

2 2 20
1.r rw u d�

Over the two periods, the hospital earns a total payoff of   2r p, and the total social welfare is 
  1 2

3
2

r r r aw w w .

2.2  |  Free-choice system

In the free-choice system, we assume that patients are aware of the seniority of the physicians. There are two reasons for 
this assumption. First, patients are motivated to identify who is a senior physician since everyone wants to be treated by 
a superior physician for the same price. Second, a senior physician has an incentive to inform patients of his status since 
he can earn more if more patients visit him. In practice, patients often rely on word of mouth or consult physician-rating 
websites before deciding which physician to visit. Similarly, hospitals and insurance providers often disclose information 
regarding physicians’ ability in the hope that competition pressure will increase the quality of service provided by med-
ical practitioners.

In 1t , patients prefer to be treated by a senior physician. However, if more than a quarter of the patient population 
chooses to visit a senior physician, a queue will inevitably form. Therefore, the more a patient dislikes waiting, the less 
likely she is to wait for a senior physician. Given the index of patients' dislike to wait, results show that a patient with a 
cutoff index ̂  is indifferent between waiting for a senior physician or visiting a junior practitioner. In other words, this 
patient has the same utility, no matter which physician she visits. This implies

   1 .ˆT p a p�

A patient with an index smaller than ̂  always requests treatment from a senior physician. On the other hand, a 
patient with a higher index always requests care from the junior physician. In a two-period model, we assume that 
physicians have to clear the waiting list in each period. The expected waiting time T  is characterized by two factors. The 

first factor represents the probability of waiting. Given the total capacity of senior physicians is 1
2

 and  ˆ 1
2

 patients visit 
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them, each visiting patient has a probability of 




ˆ 1
2

ˆ  to be placed on the waiting list, which is the ratio between the excess 

demand and the demand. The second factor represents the conditional waiting time: the average waiting time for each 

senior physician, given that there is a queue. Since the length of the waiting queue for two senior physicians is  ˆ 1
2

, each 

senior physician faces a queue length 
 ˆ 1

2
2

. Physicians treat patients one by one, and each treatment takes one unit of 
time. If a patient ranks first in the waiting list, the waiting time for her is 0; if a patient ranks last in the waiting list, the 

waiting time for her is 
 ˆ 1

2
2

. Hence, if a patient is waiting for a senior physician, the expected waiting time for her is the 

half-length of the waiting line, that is, 
 



1
12

2 2

ˆ
. To calculate the expected waiting time, we multiply the probability of 

waiting by the conditional waiting time, that is, 
 



   
   

  
 

1 1
12 2

2 2

ˆ ˆ

ˆT . Thus we know that the cutoff index is

   
1 2 1 .
2

ˆ a�

Any patient with a dislike-to-wait index higher than the cutoff will choose a random junior physician, whereas any 
patient with a lower dislike-to-wait index will choose a random senior physician. The cutoff index depends on the quality 
difference 1 a: the difference between junior and senior physicians’ ability. If the quality difference is sufficiently large 
 

 
 

15
16

a , all patients will visit the senior physicians although they anticipate an additional burden of waiting. In the case 

of a smaller quality difference a 









15

16
, some patients will visit the junior physicians. However, more patients will still 

visit the senior practitioners. In this case, four physicians are active in the market.

2.2.1  |  Only the senior physicians are active

In 1t , for 
15
16

a , all patients visit a random senior physician. Therefore, each junior physician earns 0 and each senior 

physician earns 2
p

. The hospital earns a payoff  1
f p. Since the demand for a senior physician exceeds his capacity, there 

is a queue. Each patient obtains an expected utility   1 1u T p, where 
1

16
T .

Therefore, the social welfare in 1t  amounts to

    1
1 1 0 1

31 .
32

f fw u d�

In  2t , the junior physicians do not turn senior since they did not treat enough patients in 1t . The quality differ-
ence between the two physicians is, therefore, the same as before. Therefore, each physician's payoff, the hospital's payoff, 
and patients' utilities do not differ from 1t .

Over two periods, the hospital earns a total payoff   12 2f f p, and the total social welfare is  1
312
16

f fw w .
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2.2.2  |  All physicians are active

In 1t , for  
15 1
16

a , the quality difference between the junior and the senior physicians is small. Patients with a dis-

like-to-wait index greater than ̂  visit a junior physician, while those with a lower dislike-to-wait visit a senior physician. 

Therefore, a junior physician earns 
(1 ˆ)

2
p, and a senior practitioner earns 

̂
2

p. The hospital earns a payoff  1
f p.

Since the demand for a senior physician is greater than his capacity, patients have to wait. Each patient visiting a sen-

ior physician receives an expected utility   1 1u T p, where 
 



   
   

  
 

1 1
12 2

2 2

ˆ ˆ

ˆT . Since there is no queue for a junior 

physician, each patient receives an expected utility  1u a p.
Therefore, the social welfare in 1t  is:



    

    
          1

1 ˆ1 0

ˆ

1(1 ) 2 1
2(1 ( ) ) ( ) .ˆ

2
f f

a a
w T p d a p d a

�

In  2t , the junior physicians retain their status since they did not treat enough patients in 1t . Hence, the quality 
difference in  2t  is the same as before. Therefore, each physician's payoff, the hospital's payoff, and patients' utilities are 
the same as before.

Over two periods, the hospital earns a total payoff   12 2f f p, and the total social welfare is

 
      

 
1

12 2 (1 ) 2 1 .
2

f fw w a a a�

2.3  |  Welfare comparison

The monopolistic hospital is indifferent to whether it implements the random-allocation or the free-choice system. Both 
systems lead to the same payoff. However, when a policy-maker who wishes to maximize social welfare makes this deci-
sion, the policy-maker will choose the system based on the difference in ability. Figure 1 illustrates the choice of alloca-
tion system by the policy-maker for different junior ability a.

Proposition 1 When the quality difference between a junior physician and a senior physician is sufficiently great 
 

  
 

11
8

a , the free-choice system leads to greater social welfare than the random-allocation system. For a small quality 

difference 1
1

8
1

 







a , the random-allocation system leads to greater social welfare.

Proof The welfare difference between the two systems is denoted by   r fw w w . Then, we have

w

a

a

a a a






    










8 7

16

15

16

1 1 2 1
15

16
1

if

if( ) ( ) .

�
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F I G U R E  1   Welfare-maximizing allocation under monopoly depending on juniors' ability a. The blue (red) line represents the junior 
ability for which the free-choice (random) allocation is welfare maximizing [Colour figure can be viewed at wileyonlinelibrary.com]
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When 
7
8

a , we have   0w  and when 
7
8

a , we have   0w . □

Since the hospital earns the same payoff under both systems, the difference in social welfare is solely due to the differ-
ence in the surplus of patients. Given the quality difference between junior and senior physicians, patients weigh up the 
waiting cost for seeing a senior physician and the quality difference between the senior and junior physicians to decide 
which physician to visit. The free-choice system outweighs the random-allocation system because it provides patients with 
the chance to optimize their choices internally. During the first period under the random-allocation system, some patients 
are allocated to a junior physician to enable him to achieve senior status by the second period, although they would prefer to 
see a senior practitioner. In contrast, no patient has to visit a junior physician in the first period under the free-choice system. 
However, a junior physician cannot improve his ability if he lacks patients in the first period. For a large quality difference, 
the disutility arising from being randomly assigned to a practitioner under the random-allocation system in the first period 
outweighs the utility to be gained in the second period from the increase in junior-physicians’ learning in the first period.

3  |  COMPETITION IN THE MARKET

In a monopolistic market, the monopolist hospital earns the same payoff no matter which system is implemented. Hence, 
the monopolist would not mind implementing the system that maximizes social welfare. In this section, we show that 
this is no longer the case when there is competition. To introduce competition, we split the monopolistic hospital with 
its four physicians into two hospitals: hospital A and hospital B. The hospitals now have two physicians each, one junior 
and one senior, and compete for patients in the market. To make our analysis comparable to the monopolistic case, we 

assume that physicians can only treat 
1
4

 of the population without patients having to wait. The timing of the stage game 
is as follows (see Figure 2):

1.	 �In 1t , hospitals simultaneously announce whether they will implement a random-allocation or a free-choice system 
to assign patients to physicians.

2.	 �In 1t , observing the allocation systems, each patient decides which hospital (and, if free choice, which physician) 
to visit.

3.	 �In  2t , hospitals simultaneously announce whether they will change their allocation system or not.
4.	 �In  2t , observing the current allocation systems, each patient decides which hospital (and, if free choice, which phy-

sician) to visit.
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F I G U R E  2   Game tree of the competition in the market



The actions and payoffs of players are illustrated in the above game tree, where hospitals A and B choose between a 
random-allocation system (r) and a free-choice system ( f ), and patients (P) choose which hospital (and, if free-choice, 
which physician) visit (v). Hospital B's information set reflects the fact that it chooses its allocation system at the same 
time as hospital A. The total payoffs over two periods for hospital A, hospital B, and patients are denoted by  s

A,  s
B, and 

s
Pu  respectively, where s{ , ,..., }1 2 16  denotes different combinations of allocation systems.

We pin down the subgame perfect Nash equilibrium of the above game by backward induction. The subgame starts in 
 2t  when hospitals A and B decide about their allocation systems. We first look at the Nash equilibrium of this subgame, 

then go back to the game played in 1t  to find the subgame perfect Nash equilibrium of the whole game. Note that in 
 2t , the junior physician of each hospital could turn senior upon receiving a sufficient number of patients in 1t , and 

that the number of patients depends on the combination of allocation systems of hospitals in 1t . Hence, to find the 
Nash equilibrium of the subgame, we have to analyze how the choices of each hospital on the allocation system in 1t  
impact the treatment quality of each hospital in  2t .

Given each hospital has two options for its allocation system, four possible combinations of actions arise in 1t . 
Suppose a hospital chooses system i and the other chooses system j in 1t , where , { , }i j r f , with r denoting the ran-
dom-allocation system and f  the free-choice system. Denote the hospital's payoff in 1t  by 1

ij. For the subgame starting 
from this system combination, we can find its Nash equilibrium in  2t , where hospitals may choose different allocation 
systems from their previous ones. Denote the hospital's payoff in the Nash equilibrium of the subgame in t = 2 by 2

ij. The 
total payoff over two periods is denoted by    1 2

ij ij ij. For instance,  rf  refers to the total payoffs of the hospital that 
implements the random-allocation system, while its competitor implements the free-choice system in 1t . By compar-
ing the total payoffs over different combinations of allocation systems in 1t , we determine the subgame perfect Nash 
equilibrium for the whole game. The four combinations in 1t  are as depicted in Table 1, where the payoffs are the total 
payoffs on the sequential equilibrium path.

3.1  |  Both choose random-allocation systems in t = 1
If both hospitals choose the random-allocation system in 1t , patients will randomly visit one hospital. Since each junior 
physician treats a sufficient number of patients in the first period, they will both achieve seniority for the second period. 
Since then, there is no quality difference between physicians in  2t , and any combination of allocation systems can be 

a Nash equilibrium in this subgame. Then, in  2t , each physician serves 
1
4

 of the population independent of the system 
each hospital adopts.

The payoff for each hospital in each period is   1 2 2
rr rr p . Therefore, when both hospitals choose the random-allo-

cation systems in 1t , each will get a total payoff of  rr p. The total welfare in the two periods amounts to 



3

2
rr aw .

3.2  |  One random-allocation system and one free-choice system in t = 1

Without loss of generality, we assume that hospital A chooses the random-allocation system and hospital B chooses 

the free-choice system in 1t . Without the need to wait, a patient receives a utility of 



1

2
a p if she visits hospital A; 

a utility of 1 p if she visits the senior physician at hospital B; and a utility of a p if she visits the junior physician at 
hospital B. Figure 3 illustrates this situation. Hence, without considering the waiting time, all patients would visit the 

senior physician at hospital B. As a senior physician can only serve 
1
4

 of the patients without delay, there will be a queue. 
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Random-allocation Free-choice

A Random-allocation  ,rr rr  ,rf fr

Free-choice  ,fr rf  ,ff ff

T A B L E  1   Four combinations of hospitals' allocation systems in 1t  and their total payoffs on the sequential equilibrium path



Patients weigh the difference in treatment quality against the waiting cost. When the quality difference between a junior 
physician and a senior becomes smaller, patients with a high dislike-to-wait may switch to hospital A. When the quality 
difference becomes even smaller, patients with a high dislike to wait may switch to the junior physician at hospital B.

Lemma 1 When the quality difference between a senior and a junior physician is large a 










15

16
, hospital A receives 

less than half of the patient population in 1t ; otherwise, hospital A receives no less than half of the patient population.

Proof Given the ranking of the treatment quality among hospital A and two physicians at hospital B, hospital A is 
receiving less than half of the patient population in 1t , implying that no patient waits at hospital A. There are two 
scenarios: either no patient visits hospital A or some patients visit hospital A, but no one is waiting there.

Scenario 1: no patient visits hospital A. Recall that a patient's expected utility is   u q T p. Let us focus on the 
patient with the highest dislike-to-wait index. If this patient prefers visiting the senior physician at hospital B with waiting 

over visiting hospital A without waiting, no patient will visit hospital A. The condition is 
  

     

1 11 1 14 41 1
1 2 2

ap p,  

which implies 
7

16
a .

Scenario 2: some patients visit hospital A, but no one is waiting there. Let us focus on the patient 
who is indifferent to whether she visits the senior physician at hospital B with waiting or visits a random phy-
sician at hospital A without waiting. Denote the dislike-to-wait index of the patient by ̂ . Then, we have 

 




  
     

1 1
14 41

ˆ

2

ˆ
ˆ

ˆ 2
ap p. We get    

4
ˆ 1 1 a . Patients with a dislike-to-wait index smaller than ̂  will 

thus visit the senior physician at hospital B. All other patients will visit a random physician at hospital A. This 

requires  ˆ 1, which gives us 
7

16
a . No patient waiting at hospital A implies less than half of the patients visiting 

hospital A. Therefore, it must be that  ˆ 1
2

, which give us 
15
16

a .

Hence, when the quality difference between a senior and a junior physician is large a 










15

16
, hospital A re-

ceives less than half of the patient population in 1t .

We prove the second part by contradiction. When the quality difference is small  
 

 

15
16

a , let us suppose hospi-

tal A receives less than half of the patient population. Given that the capacity of hospital A is 
1
2

, it implies no patient 
waits at hospital A. Since the quality of treatment at hospital A is higher than that of the junior physician at hospital 
B, no patient visits the junior physician at hospital B. Hence, patients choose between visiting hospital A without 
waiting and visiting the senior physician at hospital B. Denote by ̂  the dislike-to-wait index of the patient who is 
indifferent between visiting hospital A or visiting the senior physician at hospital B. From what we discussed above, 

we know    
4

ˆ 1 1 a . Patients with a dislike-to-wait index bigger than ̂  visit hospital A. Hospital A receiving less 

than half of the patient population implies  1 ˆ 1
2

, which gives us 
15
16

a . This contradicts the condition 
15
16

a . 

Hence, when the quality difference is small  
 

 

15
16

a , hospital A receives no less than half of the patient population. □ 
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F I G U R E  3   Ranking of treatment quality when hospital A chooses a random-allocation system and hospital B chooses a free-choice 
system



Lemma 2 If hospital A receives less than half of the patient population in 1t , hospital A earns less than hospital 
B over two periods that is,   fr rfp ; otherwise, hospital A earns more than hospital B over two periods that is, 
  fr rfp .

Proof When hospital A receives less than half of the patient population in 1t , we know hospital A earns less 
than hospital B in 1t , that is,   1 12

fr rfp . In addition, the junior physician at hospital A remains junior in 
 2t  because the random allocation system does not give the junior physician more than a quarter of the patient 

population to treat. Since the treatment quality of hospital A is higher than that of the junior physician at hospital 
B, no one waiting at hospital A implies that the junior physician at hospital B receives no patient in 1t . Given 
that there is no change in physician's treatment quality in  2t  and hospital A earns less than hospital B in 1t ,  
choosing the free-choice system is the dominant strategy in  2t . Hence, the Nash equilibrium of the subgame 

in  2t  is that both hospitals choose the free-choice systems, which gives us   2 22
fr rfp . Therefore, we have 

  fr rfp .
When hospital A receives no less than half of the patient population in 1t , we know hospital A earns no less 

than hospital B in 1t , that is,   1 12
fr rfp

. In addition, the junior physician at hospital A will become senior in 

 2t  because the random allocation system gives its junior physician more than a quarter of the patient population 
to treat. In contrast, the junior physician at hospital B will not become senior in  2t  because hospital B uses the 
free-choice system, and it receives less than half of the patient population in 1t . Since hospital A has two senior 
physicians in  2t  and hospital B only has one, hospital A will be indifferent towards the allocation systems; how-

ever, for hospital B, choosing the random-allocation system will be the dominant strategy if 
71
72

a  and choosing 

the free-choice system will be the dominant strategy if  
15 71
16 72

a , which consists of the Nash equilibria of the 

subgame played in  2t . Since hospital A has two senior physicians and hospital B only has one in  2t , hospital A 
will receive more than half of the patient population in  2t , no matter which Nash equilibrium is played in  2t , 

which implies   2 22
fr rfp . Hence, we have   fr rfp . □

3.3  |  Both free-choice systems in t = 1

As shown in Section 2.2, when 
15
16

a , no patient visits a junior physician; when  
15 1
16

a , some patients visit junior 

physicians, but no patient is willing to wait for a junior physician.

Therefore, the payoff for each hospital in 1t  is  1 2
ff p . Since no junior physician becomes senior in  2t , the Nash 

equilibrium of this subgame is that both hospitals choose free-choice systems if 
15
16

a  and both hospitals choose ran-

dom-allocation systems if 
15
16

a , which is demonstrated by Lemma 1. Hence, each hospital  2 2
ff p  in  2t . Overall, each 

hospital earns  ff p.

4  |  SUBGAME PERFECT NASH EQUILIBRIUM AND WELFARE

Proposition 2 When the quality difference between a junior physician and a senior physician is large a 










15

16
, the 

subgame perfect Nash equilibrium of the competition is that both hospitals choose the free-choice system. When the 

quality difference is small  
 

 

15
16

a , the subgame perfect Nash equilibrium of the competition is that both hospitals 

choose the random-allocation system.
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Proof From the analysis above, we know that   fr rfp  when both hospitals choose either the random-

allocation system or the free-choice system. Furthermore, combining Lemma 1 and Lemma 2, we have 

  fr rfp  for 
15
16

a  and   fr rfp  for 
15
16

a  (see Table 2).

Therefore, when 
15
16

a , the subgame perfect Nash equilibrium is that both hospitals choose the free-choice system, 

and when 
15
16

a , the subgame perfect Nash equilibrium is that both hospitals choose the random-allocation system. □

 The policy-maker aims to maximize social welfare when choosing an allocation system.5 Since the competition sce-
nario is identical to equally splitting the monopolistic hospital in two, the policy-maker in the competitive market makes 
the same choice as in the monopolistic market.

Proposition 3 When the quality difference between a junior and a senior physician is large or small  


7
8

a  or 


 



15
16

a , the competitive hospitals choose the allocation system that maximizes social welfare. However, when the 

quality difference is intermediate 7

8

15

16
 









a , the random-allocation system maximizes social welfare, while the 

hospitals prefer the free-choice system.

Proof By putting Propositions 1 and 2 together, we find that for 
7
8

a , the policy-maker and the hospitals all prefer 

the free-choice system; for 
15
16

a , the policy-maker and the hospitals prefer the random-allocation system; and for 

 
7 15
8 16

a , the policy-maker prefers the random-allocation system, but the hospitals prefer the free-choice system. □

The deviation of market equilibrium from the socially optimal choice stems from market imperfection. The market 
is imperfect in the sense that a patient's choice may create a positive or negative externality for other patients. Under a 
free-choice system, the marginal patient whose visit leads to a junior physician becoming senior generates a positive ex-
ternality for all other patients in the next period. When there are patients waiting for a physician, any additional visiting 
patient will impose a negative externality on other waiting patients. Given these externalities, when the quality difference 
between a junior and a senior physician is intermediate, the competition between hospitals creates a Prisoner's Dilemma. 
Choosing a free-choice system is a dominant strategy although both hospitals choose a random-allocation system is the 
socially optimal. Figure 4 summarizes our results.
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F I G U R E  4   Choice of allocation system by hospitals and policy-maker for different junior ability a  [Colour figure can be viewed at 
wileyonlinelibrary.com]

B

Random-allocation Free-choice

A Random-allocation ,p p  ,rf fr

Free-choice  ,fr rf ,p p

T A B L E  2   Subgame perfect Nash equilibria under competition
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This result implies that in a competitive market in which junior physicians need to improve their skills by treating a 
sufficient number of patients, maximum social welfare is not attained if hospitals choose their allocation systems when 
staffed with junior physicians of intermediate ability.

5  |  DISCUSSION AND EXTENSIONS

Our model allows us to mirror healthcare markets under different designs. In reality, physicians face an increasing and 
convex cost function to provide service when their capacities are limited. When we assume that the price of treatment 
is high enough to cover the highest cost of treatment, physicians are willing to provide the treatment, which implies all 
patients will be treated. In addition, physicians do not choose treatment quality directly in our model because this is de-
cided by the number of patients that physicians has treated in the past. As a result, the cost of treatment does not affect 
treatment quality.

We assume for the sake of simplicity that junior physicians either turn senior in the second period or not. However, 
learning might be a continuous rather than a discrete process. Even treating only a few patients in the first period may 
lead to a small improvement of ability in the second period. In the Appendix, we show that the externalities still re-
main under these conditions, although to a smaller extent. Our model can thus be applied under conditions of different 
healthcare designs, different learning processes, and different types of patient disutility resulting from not being treated 
immediately: the results are qualitatively robust across all these variations.

We allow senior physicians to put as many patients on the waiting list as demand allows. Regulation, however, may 
restrict the maximum number of patients that a senior physician has on his waiting list. The interval of ability for which 
the random-allocation system maximizes social welfare increases once such regulation is implemented. This is because 
the opportunity costs of learning decrease in the first period under the additional regulation.

Patients' awareness of the physicians’ seniority is an important assumption. If patients are not aware of quality dif-
ference between junior and senior physicians, a free-choice system is the same as a random-allocation system. A further 
research question could be what the optimal allocation system would be under different quality gaps between juniors and 
seniors if patients are not fully aware of physicians’ seniority.

Another feature of our model is that although we have simplified it to exclude price discrimination, our insights also 
hold when senior physicians discriminate. Senior physicians discriminate by charging a higher fee for the higher qual-
ity of their care. These extra charges are not covered by mandatory health insurance in most European countries. This 
charging more than the health insurance fee is often referred to as “balance billing”. As is the case in most European 
countries, with a public and a private sector with balance billing, we assume in our model that senior physicians cannot 
discriminate between patients when charging fees. Thus, senior physicians set their extra charges so that the marginal 
patient they can treat is indifferent to whether she is treated by a senior or a junior physician.

6  |  CONCLUSION

Policy-makers aim to improve quality in healthcare markets. A key question is how junior physicians can acquire the 
experience necessary to become senior physicians. We present a learning model in which hospitals each have a junior 
and a senior physician. Hospitals can choose between two systems how to allocate their patients to their two physicians: 
a free-choice system and a random-allocation system. While the free-choice system ensures that patients are allocated 
according to their preferences, it does not ensure that a junior physician gains sufficient experience to become a senior 
physician. In contrast, the random-allocation system ensures that junior physicians treat a sufficient number of patients. 
In this case, however, patients are not matched to physicians according to their preferences. We show that in a monopo-
listic market, social welfare is higher (lower) under the free-choice system than the random-allocation system when the 
quality difference between junior and senior physicians is sufficiently large (small). In a competitive market, patients 
choose between hospitals. If the difference in ability between junior and senior physicians is sufficiently small or suffi-
ciently large, the hospitals will choose the allocation system that maximizes social welfare. When junior physicians are of 
intermediate ability, the random-allocation system maximizes social welfare, but hospitals will prefer to implement the 
free-choice system. Therefore, a policy intervention is necessary to maximize social welfare when the quality difference 
between junior and senior physicians is intermediate.
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ENDNOTES
	1	 The Dutch health minister complained that patients' freedom to choose their own healthcare provider leads to higher expenses in the health-

care system. See https://www.dutchnews.nl/news/2019/03/healthcare-market-has-gone-too-far-says-dutch-health-minister/, accessed on 
March 27, 2019.

	2	 This assumption does not change our qualitative results. A lower cutoff for turning senior favors the random-allocation system.
	3	 In our model, hospitals are physician owned. Hence, a hospital's payoff is what its physicians earn.
	4	 In reality, the insurance company does not transfer all the insurance fees to hospitals. However, this kind of redistribution does not affect 

patients' choice of physicians or the total social welfare. Hence, we make such a simple assumption to focus on allocating systems to social 
welfare.

	5	 We assume that the policy-maker cannot discriminate between hospitals when implementing an allocation system. Hence the policy-maker 
can put either a random-allocation system or a free-choice system for both hospitals into practice.
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