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ABSTRACT

ANALYSIS OF PUBLIC HEALTHCARE POLICIES
TO IMPROVE SOCIAL UTILITY
USING STOCHASTIC MODELS

Aydin Teymourifar

Industrial Engineering Programme

Anadolu University, Graduate School of Sciences, February, 2019

Supervisor: Prof. Dr. Onur Kaya
Co-Supervisor: Assoc. Prof. Dr. Gilirkan Oztiirk

In many health systems, public and private hospitals with different char-
acteristics co-exist. Generally, in such systems, although the payments are low in
public hospitals, the high waiting times decrease the quality level perceived by pa-
tients. In private hospitals, although the payments are high, the waiting times are
low and thus the quality level perceived by the patients is also high. In this case,
a more balanced system can be socially beneficial. Pricing policies have an impact
on the patient’s choice of hospital. Lower prices in private hospitals cause more
patients to choose these hospitals. Thus, both the crowdedness of public hospitals
decreases and more people can receive higher quality services. The main motivation
of this thesis is to provide pricing models to provide a more balanced and socially
useful system for similar situations. The prices in private hospitals are defined
on the basis of contract mechanisms between the government and these hospitals.
Therefore, in this thesis, the effects of different contract mechanisms between the
government and private hospitals on social utility are investigated. For this aim,
simulation-based and analytical models are designed. We use the parameters sim-
ilar to the health system in the Eskiehir region and make a comparison between
the models. The results show that contracts between the government and private
hospitals are beneficial for the community. In particular, the policy of income-based
pricing can be beneficial for both individuals and the government, since it leads to
balanced expenses.

Keywords: Health Policies, Contract Mechanisms, Simulation, Analyt-

ical Models
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OZET

HASTANELERE YONELIK SAGLIK POLITIKALARININ TOPLUMSAL
FAYDA ACISINDAN RASSAL MODELLER ILE ANALIZI

Aydin Teymourifar

Endiistri Mithendisligi Anabilim Dali
Anadolu Universitesi, Fen Bilimleri Enstitiisii, Subat , 2019

Damgman: Prof. Dr. Onur Kaya
Es Danigman: Dog. Dr. Giirkan Oztiirk

Bircok saglik sisteminde, farkli 6zelliklere sahip kamu ve 6zel hastaneler
bir arada bulunmaktadir. Genelde, tiir sistemlerde, devlet hastanelerinde 6demeler
diiiik olsa da, bekleme siirelerinin yiiksek olmasi, hastalarin algiladigi kalite se-
viyesini dustrir. Ozel hastanelerde ise, odemelerin yiiksek olmasina ragmen, bek-
leme siireleri diigiiktiir ve dolayisiyla hastalar tarafindan algilanan kalite diizeyi
yiiksektir. Bu durumda, daha dengeli bir sistem toplumsal agidan daha faydal
olabilir. Fiyatlandirma politikalar1, hastalarin hastane se¢imini etkilediginden, sis-
temin bu durumu tizerinde goz ardi edilemez bir etkiye sahiptir. Ozel hastanelerde
daha digiik fiyat, daha fazla hastanin bu hastaneleri tercih etmelerine sebep olur.
Boylelikle, hem devlet hastanelerindeki yogunluk azalir hem de daha fazla kisi daha
kaliteli hizmet alabilir. Tezin temel motivasyonu, benzer durumlar i¢in daha dengeli
ve sosyal acidan daha yararlu bir sistem saglamak amaciyla fiyatlandirma modelleri
sunmaktir. Ozel hastanelerdeki fiyatlar, devlet ile bu hastaneler arasindaki kontrat
mekanizmalar esasinda tamimlanir. Bu nedenle, bu tezde, devlet ile 6zel hastaneler
arasindaki farkli sozlegme mekanizmalarinin toplumsal fayda tizerindeki etkileri in-
celenmigtir. Bu amagla benzetim ve analitik modeller kurulmustur. Sayisal sonuglar
kisminda, Eskigehir bolgesindeki saglik sistemine benzer olan parametreler kulla-
nark, modeller arasinda kargilagtirma yapilmigtir. Sonuclar devlet ile 6zel hastaneler
arasindaki sézlegmelerin toplum icin faydali oldugu gostermektedir. Ozellikle, gelire
gore fiyatlandrima politikasi, dengeli 6demelere sebep oldugundan, hem bireyler
hem de devlet acisindan faydali olabilir.

Anahtar Kelimeler: Saglik Politikalari, Kontrat Mekanizmalari, Anal-
itik Modeller, Benzetim
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1. INTRODUCTION

Public hospitals and private hospitals co-exist in the health system of
many countries. Service levels in private hospitals are generally higher, waiting
times are shorter, but high fees are required for this service. On the other hand,
although the public hospitals claim much lower or even free service, long waiting
times and low service quality decrease patient satisfaction in these hospitals. Pa-
tients make a choice between these two types of service providers, depending on
their income level and quality sensitivity. Private hospitals generally serve patients
with higher income levels, while those with lower income levels prefer public ones,
in general. Many researchers analyze the factors affecting patients’ hospital prefer-
ences (Smith et al., 2017). Qin and Prybutok (2013) analyze the factors affecting
patients’ satisfaction and also their behavior to choose a hospital and identify that
the price is one of the most important factors affecting patients’ preference. Andrit-
sos and Tang (2014) and also Andritsos and Aflaki (2015) report that in addition to
public ones, the presence of private service providers in healthcare systems could re-
duce patient waiting times and government spending. However, Duckett (2005) and
Marchand and Schroyen (2005) state that governments should be cautious about
supporting the private sector in the health system, owing to that improper supports
may harm the system rather than being beneficial.

Collaboration between governments and private hospitals takes place on
the basis of contract mechanisms. Therefore, these mechanisms have an important
role in the design of efficient and fair health systems. In this thesis, in order to
maximize the social utility under budget and other possible constraints, different
mechanisms that can be proposed by a government to private hospitals are discussed
and the results of these mechanisms are analyzed. As first, we design a simulation
model of the emergency departments of the hospitals in Eskisehir province. In the
model, the current status of the emergency services is modelled as a whole in the
Rockwell Arena program by considering the demand and capacity of the emergency
services, hospital preferences of the patients, the total subsidy paid by the Social
Security Institution of Turkey (SGK) to these emergency services and the processes

in the emergency services. The validity of the model is confirmed by comparing



the outputs such as the number of patients and average waiting times with the
observed system data. As stated previously, in the present state of the system, the
payments in public hospitals are low, the waiting times are high and therefore the
quality level perceived by the patients is low. In private hospitals, payments and
service quality are high while average waiting times are low. In our research, it was
determined that the price in private hospitals is one of the most important factors
affecting the preference of patients in the hospital. So, it is supposed that when the
fees in private hospitals decrease, more patients will prefer these hospitals and thus
the total quality achieved by the society will increase. Then, the effects of various
contract mechanisms affecting prices in the private hospital are analyzed using the
simulation model. In addition, the impact of the increase in the capacity of public
hospitals (number of doctors and nurses who examined the emergency services) is

also analyzed through the simulation model.

In Chapter 4, a system similar to the system described in Chapter 3 is
analytically analyzed. For this aim, all hospitals in the region are modeled as one
public and one private hospital. Even though this assumption might seem restric-
tive at first, it is observed that the patients usually make such a choice between
the nearest public hospital and the private hospital. Hence, it is assumed that
hospitals in different regions are independent. So, modeling a regional system, in
which all public and private hospitals in a region are unified under one public and
one private hospital can adequately represent its dynamics. Also, this is a basis
for the models with more than one private hospital. Thus, the analysis of such a
system will provide significant contributions to the literature. In the models, the
state in which there is no contract between the government and the private hospi-
tal, contract mechanism based on subsidy payments, contract mechanism based on
differentiated payments by patients in the private hospital and the linear two-part
tariff contract mechanism are analyzed. Then, these policies are compared in the

result of the chapter.

In Chapter 5, similar to Chapter 4, the hospitals in the region are mod-

eled as one private and one public hospital, but in addition to the pricing policies,



the capacity decisions of the private hospital are taken into consideration in the
models. After analyzing the case in which there is no contract between the govern-
ment and the private hospital, based on a Stackelberg game approach, the decisions
of the private hospital are modeled following the decisions of the government as a
leader. For this aim, the models based on subsidy payment by the government as
a leader, contract mechanism based on subsidy payments and the linear two-part
tariff contract mechanism are compared.

In Chapter 6, the models with one private hospital are generalized to the
models where two private hospitals are located near a public hospital. Similar to
Chapter 4 and 5, the first model is the case where there is no contract between the
government and the private hospital. In another model, which is designed based
on game theory, as many real systems, each private hospital can make its own
decision to accept or reject the proposed contract by the government according to
its profit. In this case, the Nash equilibrium point is analyzed in different situations.
In addition, the case in which the government offered a contract to only one of the
private hospitals is discussed. In the numerical results of the chapter, the proposed

models are compared via the concept of social utility.



2. LITERATURE REVIEW

Several methods of operations research are frequently applied in vari-
ous areas of healthcare management. Health policy analysis, hospital management,
appointment scheduling, operating room management, models of epidemics, trans-
plantation models of kidney and liver, control models for cancer and similar diseases

and many similar studies in the literature can be found.

2.1. General Applications of Industrial Engineering and Operations Re-

search in Healthcare Management

Alagoz et al. (2011) present a literature review including studies on can-
cer control tests. Ayer et al. (2012) create a personalized mammography test model
based on past test results and personal risks and also use a finite-time partially vis-
ible Markov decision process model to highlight when women should undertake this
test and when they should not. Gail and Rimer (1998), Ivy (2002) and Maillart et
al. (2008) present similar studies. Management and planning of operating rooms
is another topic that is frequently studied. Blake and Carter (1997) and Cardeon
et al. (2010) present literature reviews on this subject. Shylo et al. (2013) model
and analyze the block scheduling system under some random constraints in order
to maximize the expected usage level of the operating rooms by considering the
uncertain operation times in operating rooms. Dexter et al. (1999), Hans et al.
(2008), Denton et al. (2010), Min and Yih (2010) and Batun et al. (2011) have
similar studies. Analysis of the various policies that can be applied to minimize the
impact of the diseases on society and modeling epidemics is another topic in the
health management literature. Ekici et al. (2013) analyze the different policies that
could be applied to minimize the impact of outbreaks such as swine flu and avian
influenza through simulation. Ozaltin et al. (2011) use a stochastic programming
method for the planning of influenza vaccine production. Organ transplantation,
especially kidney and liver transplantation, is another area where operations re-
search techniques are frequently applied. Alagoz (2009) presents a literature review
on this subject. Zenios et al. (2000), Su and Zenios (2005) emphasize the problem

of transferring a large number of organs to the most appropriate persons. Ahn and



Hornberger (1996), Alagoz et al. (2004, 2007) and Sandikci et al. (2008) design a
model about the decision to accept the transplant or to wait for the next organ, de-
pending on the characteristics of the proposed organ. Stahl et al. (2005) and Kong

et al. (2010) study the reorganizing of regions in the US for liver transplantation.

Appointment scheduling in hospitals is another topic that is frequently
studied in the field of health management. Different appointment scheduling meth-
ods are designed in order to reduce the waiting times of patients. Cayirli and
Veral (2003), and Gupta and Denton (2008) present a literature review in this area.
Robinson and Chen (2003) compare systems of physician appointment. Kaandorp
and Koole (2007) try to find the best appointment scheduling system and suggested
a method to minimize patient waiting times and the average free time of doctors.
Cayirli et al. (2006) compare different appointment scheduling systems for ambu-

lance services using simulation.

2.2. Applications of Simulation in Health Systems

Hospital and emergency department management are one of the most
applied issues in the field of healthcare management. The complexity of health
systems is due to their detailed and dynamic structures. Since simulation is one
of the most effective methods to deal with these complexities, it is used by many
academics and managers (Chahal, 2008). For example, the use of discrete event
simulation techniques is a popular approach in order to maximize patient flow and
satisfaction and also to make the use of resources more efficient (Jun, 1999). Weng
et al. (2011) propose a simulation-based model for the optimal assignment of re-
sources in an emergency department. As a result of the evaluation of the different
scenarios designed in the Simul8 software with the OptQuest program, the satis-
faction of the patients has increased. In this study, it is showed that performance
can be increased by up to 8% with correct resource assignment. In another study,
Cabrera et al. (2011) perform an agent-based simulation to find the number of

doctors, nurses, and other employees needed to maximize patient flow in emergency



services and minimize waiting times. As stated in the study of Jacobson et al.
(2006), simulation provides benefits for health sector managers to analyze systems
and to make the most appropriate decisions by predicting the results of different
scenarios. In addition, it is useful to analyze the relationships between factors such
as patient arrival rates, service times, amount of resources, and staff assignments
(Carlson et al., 1979). Baesler et al. (2003) analyze the effects of possible demand
changes on the emergency department of a private hospital by simulation. Ahmed
and Alkhamis (2009), combining simulation and optimization techniques, propose
a decision support system for the management of operations in an emergency ser-
vice. Swisher and Jacobson (2002) set up a model that benefits different statistical
techniques in a visual simulation environment to improve processes of hospitals and
also to improve satisfaction. They also propose a new criterion that measures the
efficiency of hospitals, taking into account different objectives such as satisfaction,

quality, participation and waiting times.

The majority of the simulation studies discussed in the literature deal
with a single service and analyze outputs such as waiting times in this service
depending on various resource allocations (Cabrera et al., 2012, Liu et al., 2017,
Duguay and Chetouane, 2007, Uriarte et al., 2017). There are a limited number of
simulation studies involving multiple hospitals or emergency services. Fournier and
Zaric (2013) examine the effects of the number of beds in intensive care units of
hospitals in a certain region. Mielczarek and Uzialko-Mydlikowska (2012) present a
detailed literature review about the applications of simulation in the health sector.
Gunal and Pidd (2010), note that in the last 30 years, especially since 2004, there is
an increasing number of articles about the applications of discrete event simulation
models in health systems, however, they are generally hospital-based and use rou-
tine methods. Brailsford (2007), reports that despite many examples of using the
simulation in academic studies, only a few examples of the real application of this
tool in health systems exist. Kuljis et al. (2007) summarize the potential applica-
tions of simulation in healthcare management subjects by comparing the business

and production sectors.



2.3. Policy Making, Payment and Pricing Decisions in Healthcare Man-

agement

In service systems, the scheme of payments affects performance and rev-
enue (Adida et al., 2016, Afeche, 2013). Therefore, performance-based contracts
are becoming widespread in health systems (Jiang, 2012). For example, to drop off
preventable readmissions, some healthcare systems have begun to apply reimburse-
ment schemes such as pay for performance or bundled payment instead of fee for
service (Andritsos and Tang, 2018). So and Tang (2000) develop a mathematical
model to examine the impact of reimbursement policy for drug usage. Guo et al.
(2016), examine the impact of these two reimbursement schemes on patient welfare,
readmission rate, and waiting time in a public healthcare system.

Zhou et al. (2017) denote that the subsidization of private institutions
by the governments is an important matter in health reform to access a safe and
effective healthcare system. Governments can increase their subsidization rates, al-
lowing more patients to go to private institutions, but this ratio must be consistent
with the objectives and resources in the health system. Hoel and Saether (2003)
state that in a health system involving public and private institutions, private fa-
cilities should be subsidized or public services should be limited to a definite fee if
there are capacity constraints. In the case of low subsidy rates, public institutions
may face over-crowd, while the capacity of private ones may remain unused. Con-
versely, private institutions start to become crowded and the health expenditures
of the government increase due to the high subsidy payments. For these reasons,
finding the best ratio of subsidy is an important research topic. Qian et al. (2017)
analyze different subsidy mechanisms and report that differentiated price policies
are beneficial for health systems. Qian and Zhuang (2017) state that subsidy poli-
cies can be used to direct patients with higher sensitivity to waiting time to private
hospitals. Thus, the congestion in the public hospitals will decrease and the system
will be more balanced and accordingly the social utility will increase.

Price differentiation is a method commonly used by airlines, hotels, in-
surance companies, car rental companies. It is researched in the income manage-

ment and pricing literature (Borsenberger et al. 2016, Gao et al. 2015, Raza 2015,



Xu et al. 2014). This approach can increase the profitability and satisfaction levels
of individuals when there are different sensitivities of price and service (Wolk et al.
2010). Philips (2005) and Talluri and Van Ryzin (2004) provide detailed informa-

tion about this approach.

2.4. Contract Mechanisms in Health Sector

Although there are many studies in different areas of healthcare manage-
ment, the applications of contracts mechanisms in the health sector are not widely
researched. As a few examples, Palmer and Short (2000) analyze health policies in
Australia from various perspectives. Kreis and Schmidt (2013) survey the impact of
application and evaluation of health technologies on the public through experiences
in France, Germany, and the United Kingdom (UK). You and Kobayashi (2009)
analyze the effect of the mandatory health insurance application on healthcare ex-
penditures in China. Chick et al. (2008) discussed the implementation of contract
mechanisms in the health sector and showed that in case of supply uncertainty, the
cost-sharing contract could provide good coordination for the flu vaccine supply

chain.

Despite healthcare management, in supply chain literature, contract
mechanisms and their different applications are widely researched. Cachon (2003)
provides a detailed study of supply chain coordination based on different contract
mechanisms. Tsay et al. (1999), Lariviere (1999), Cachon and Netessine (2003)
and Yano and Gilbert (2004) present literature reviews in this field. Different types
of contract mechanisms are discussed in the literature, such as wholesale price con-
tracts, repurchase contracts (Pasternack, 1985), revenue sharing contracts (Cachon
and Lariviere, 2005), quantity flexibility contracts (Tsay, 1999), refund contracts
(Taylor, 2002) and quantity reduction contracts (Tomlin, 2000). Kaya (2011) an-
alyzes different contract mechanisms in a supply chain where demand depends on
a costly effort and look for the contracts that yield the best results in different

situations of the system. Aksin et al. (2008) research possible contract mechanisms



between a service provider’s with other companies for call center operations and

analyze the effects of each mechanism on price and capacity decisions in the system.



3. ANALYSIS OF DIFFERENT PUBLIC POLICIES THROUGH SIM-
ULATION TO INCREASE TOTAL SOCIAL UTILITY IN A HEALTH-
CARE SYSTEM

In this chapter, we consider the public and private hospitals in a certain
region of Turkey and analyze the effects of public policies on the patients’ prefer-
ences regarding hospital choices and the results of these choices on social utility
and public spending. In order to analyze different capacity decisions, contracting
and pricing mechanisms; we develop a simulation model of multiple EDs of pri-
vate and public hospitals in Eskisehir region considering patient preferences among
these hospitals and aim to determine the optimal system parameters under dif-
ferent contract mechanisms via this simulation model. After the validation and
verification of the simulation model, several scenarios are designed and executed to
increase social benefit, decrease government expenses, improve patient satisfaction
level and decrease waiting times. We compare the proposed scenarios based on
multiple objective functions and present numerical results for different scenarios in

this system.

3.1. System and Model

We consider a healthcare system with multiple public and private hos-
pitals and focus on the operations performed in emergency departments of these
hospitals. A patient in this system first chooses a hospital depending on his own
utility function considering the quality of the service level, proximity and the prices
of the hospitals. A patient choosing a private hospital needs to pay a higher price
but obtains a higher quality service and lower waiting times. On the other hand,
a patient choosing a public hospital pays a lower fee but obtains a lower quality
service and higher waiting times.

To overcome the problems of imbalanced demand and supply in public
and private hospitals, SGK implements a policy that will encourage more patients
to go to private hospitals rather than public ones. SGK offers a contract to the
private hospitals setting the prices of certain procedures that will be charged by the

private hospitals, and in return covers a part of this price as a subsidy payment such
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that the patients going to private hospitals will pay even less due to this subsidy
ratio. This contract leads to more patients going to private hospitals instead of
public ones, leading to less public hospital costs and lower waiting times in the
public hospitals, but higher spending made by SGK for the private hospitals. The
private hospitals compensate their loss due to the decrease in their prices from the
additional subsidy payments made by SGK. However, even under this system, it is
observed that there are much higher waiting times and lower patient satisfaction at
the public hospitals compared to the private ones in Turkey. In this chapter, one
of our objectives is to determine the optimal pricing mechanism that will balance
the demand for public and private hospitals, considering the healthcare budget and
payments of SGK, to maximize the total social utility. In addition, we also consider
different strategies that can be employed by the government and analyze the results
of these strategies on the system results. We aim to increase the social utility for the
society as a whole considering healthcare spending as an important consideration.
The total quality of the healthcare service obtained by the patients, the waiting
times in the healthcare system and the payments made by the government for the
healthcare system are considered to be the main components of the social utility.
We consider multiple objectives and we let H,; denote the payments made
by SGK in the healthcare system and aim to decrease it in our objective function.
H, consists of fixed costs in the public hospitals, salaries of doctors and nurses and
also the total amount of subsidies paid by the government for the patients going to
the public and private hospitals. We also aim to decrease the waiting times at the
public and private hospitals and let w; and w, denote the average waiting time per
patient in the public and private hospitals, respectively. The total quality of the
healthcare service obtained by the community is another performance measure that
we consider. We let ¢4 and ¢, denote the quality levels of the public and private hos-
pitals, respectively. These quality levels measure the factors related to the quality
of staff (nurses, doctors, etc.), quality of the devices in the hospital, cleanliness, dec-
orations etc. that affect the patients’ perceptions about the hospitals. In addition,
the treatment qualities are also different between the public and private hospitals
because the private hospitals generally pay more to the doctors than the public

ones and more qualified doctors generally prefer to work at private hospitals. The
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quality levels are determined based on the patients’ judgments about these hospi-
tals, obtained through a questionnaire including more than 200 respondents in the
public and private hospitals. The questionnaire designed by the Turkish Ministry
of Health is used to measure emergency services patients’ satisfaction coefficient. In
our numerical analysis, we let the quality levels, ¢; = 0.6 and g, = 0.9 in the public
and private hospitals, respectively, based on the results of our surveys. Since most
of the questions in the questionnaire are related to staff and tangible facilities, it
is assumed that these values denote the quality perception of the patients and are
independent of the number of patients going to these hospitals. In this chapter, N,
and N, denote the number of patients served by the public and private hospitals,
respectively, and as a result, we aim to increase the value of ¢4N4 + ¢,N, which de-
notes the total quality of the healthcare service obtained by the community. Note
that, even though the quality and satisfaction level in the emergency services are
also related to the waiting times, these measures are separated to underline their
importance. Using simulation, we analyze the results of different scenarios based
on these values that will be obtained as the outputs of the simulation model and
we aim to select the best scenario based on our objectives.

Since we have multiple performance measures, in order to be able to
compare different scenarios, we also define a single value named as the social utility
as in equation 3.1, which combines different performance measures using a weighted

sum method.

Qde + quo Ndwd + Nowo Hd
U= — g — Qg
Ng+ N, Ng+ N, Nyg+ N,

In the above equation, the first term denotes the quality of the received

(3.1)

healthcare service per patient, the second term denotes the average waiting time
per patient and the last term denotes the average public healthcare spending per
patient. We use a; and as to denote the weights of the average waiting time and the
public spending in the objective function. The values of oy = 0.01 and ay, = 0.006
are used in our numerical analysis in order to normalize the values in the objective
function such that they are in comparable units. However, the effects of different
values of these coefficients are also examined in the sensitivity analysis section.

In the next sections, we first describe the current situation in the an-
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alyzed healthcare system and then explain our simulation model. We implement
the simulation model using Rockwell Arena 14.5 and Process Analyzer softwares.
We include all the emergency services of 3 public and 4 private hospitals in the Es-
kisehir province of Turkey. Then, using the simulation model, we explore different
policies that can be used by the government to improve the system performance

and present our numerical results.

3.2. Description of the Current State in the Emergency Services of

Eskisehir Province

Eskisehir province is one of the largest health service regions in Turkey.
In addition to its own population of 2.5 million, its health facilities also provide
service for at least 3 neighbour states. Totally, there are 9 public hospitals in the
province, serving in almost all healthcare branches such as gynecology, pediatric,
surgery, etc. These hospitals have different roles in accordance with the strategic
plans of Turkey and all of them have emergency services. According to the criteria
of the ministry of health, based on the facilities and resources, there are 4 types
of emergency services in the health system: (i) emergency units, (ii) first level,
(iii) second level and (iv) third level emergency services. In this chapter, from the
public hospitals, only the hospitals with second and third level emergency services
are selected. In an emergency unit, there is at least one room where first aid
and basic life support can be provided for emergency patients. In the first level
emergency services there are 1 or 2 health officers, nurses, and technicians. There is
also a medical assistant and they are managed by 24-hour uninterrupted service of
medical practitioners. Owing to the lack of advanced equipment, mostly ailment,
and mild injuries are treated in these units. The second level service facilities include
ambulance station, triage technician (or nurse), resuscitation, observation, basic
treatment, medical imaging, isolation units, triage doctor, trauma room, critical
care units and examination rooms. In addition to these facilities, the third level
emergency services also have specialist physicians of different branches, and have
more than 800 m? area. There are 15 private hospitals in total with different

branches in the province and only a few of them have second level or third level
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emergency services. 3 public and 4 private hospitals that are in the city center and
have the highest demand among the hospitals are included in the model of this
chapter. The other emergency clinics are much smaller and thus left out of this
chapter, since the demand for these emergency services are very low compared to
the others. The public hospitals are represented as Pu and the private hospitals
are indicated as Pr. Puy has two separate emergency units, stated as (i) adult, and
(ii) pediatric and these units are denoted as Pu,,, and Puy ,, respectively.

For the current system, we collected data about the number of arrivals
to the emergency services in different time periods of the day and in different days
of the week. In addition, the information about the number of patients, arrival
patterns, costs, etc. was taken by the hospital administration of the public hospitals.
Although there are some changes between the seasons, the presented data about
the current state is generally representative of the system for all times. In Table
3.1., based on the real-life data in the current system, we present the percentages
of the yearly number of patients going to emergency services of the hospitals in the
Eskisehir region. We observe that about 80% of the patients prefer public hospitals,
while only 20% of the patients prefer to go to private hospitals for emergency cases.

Based on the arrival numbers, on the weekdays, patient arrivals are
divided into three time intervals as 02:00-08:59, 09:00-16:59 and 17:00-01:59, while
they are divided into two time intervals as 02:00-08:59, 09:00-01:59, on the weekends.
In the current system, in weekdays polyclinics are closed after 17:00. They also
closed in weekends, hence most of the outpatient treatments are done in the green
zone of emergency services. Therefore, between 17:00 and 01:59 there is a crowd
in the emergency services, however, it decreases gradually after 2:00. Since many
patients who use these emergency services come for outpatient treatment, they do
not prefer to take service between 02:00 and 08:59. Arrivals in these intervals are
found to be best fitted to exponential distributions with mean times as presented in
Table 3.2., based on the results of the Input Analyzer tool of the Rockwell Arena
14.5.

We observe 3 types of arrivals to the emergency services: (i) from pa-
tient admission unit, (ii) as consultation and (iii) by ambulance. Arrivals from the

patient admission unit are about 90% of all arrivals. Consultation is the state,
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in which the patient is sent from other branches of hospitals to the emergency
area. In the public hospitals emergency services, excluding Pu, ,, the patients are
tagged for their priority identifications. The tags are (i) red tag (emergent, imme-
diate): patients whose life is threatened and lifesaving measures must be applied
immediately, (i) yellow tag (urgent, delayed): patients whose lives might be in a
threatening condition if medical attention is not applied in hours, (iii) green tag
(non-urgent, minor): patients who don’t have any life-threatening condition and
can be delayed while other patients are treated, and (iv) black tag: patients who
are dead or medically unexpected to survive and have no priority. On the other
hand, in the private hospitals’ emergency services, patients are categorized as med-
ical (minor) and emergency types. As shown in Figure 3.1., based on these tags,
several routes are followed by the patients. General steps of emergency services
can be summarized as (i) patient admission, (ii) immediate treatment, (iii) waiting
room, (iv) triage, (v) green examination unit, (vi) critical care unit (vii) premier
patients care unit, (viii) trauma room, (ix) treatment units, (x) yellow examination
units, (xi) observation unit, (xii) medical imaging units and (xiii) hospitalization.
Patients are directed on different routes depending on their requirements. Some of
these steps contain more than one process, for example, yellow examination unit
includes consultation and secondary triage. The absence of secondary triage tends
to increase patients waiting time because doctors have to examine the patients first
before ordering clinical tests if they were needed. More detailed figures related to
the simulation model can be found in the appendix.

Generally, red zone patients are brought to the emergency services by
ambulance. These patients are instructed by the emergency command center, which
selects hospitals, based on a coordinated system that shows available resources,
which is updated once per hour. When a patient is entered into the emergency
service by ambulance, according to the instruction, it is necessary to be examined
as a critical patient, even if medically he isn’t in the critical state. If the patient
is in the critical state, he has the highest priority and should be treated without
any waiting. Usually, the process of resuscitation is at most 45 minutes. After the
initial treatment, the patients are generally dispatched to the intensive care units.

In most hospitals, this unit isn’t a part of the emergency service and sometimes
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the patients are dispatched to other provinces for intensive care. Usually, in each
shift (8 hours), there is one doctor, who is the emergency medicine specialist and
responsible for the emergency service, and one nurse in the red zone. When needed,
additional doctors and nurses are added to the red zone personnel. Because of the
highest priority of the red zone patients, if it is required, doctors of the other units
help in these processes.

Consultation patients are directly passed to doctors for examination,
medical tests, and imaging units. Other patients, making an entrance in the ad-
mission unit, wait for the triage process. In the triage zone, they are tagged as red,
yellow and green zone patients. Red zone patients have the highest priority and are
dispatched to red zone treatment quickly, similar to the patients that come with
an ambulance. Yellow tagged patients have the second priority and green tagged
patients have the least priority. Some patients are observed to be directly sent to
the immediate treatment rooms before admission and without triage. Staffs of this
section are health technicians and about 5% of patients are treated in this area.

Examination of each yellow tagged patient is done by one doctor and one
nurse (assistant). After the first examination, the patients are generally dispatched
to different medical analysis and imaging units according to their medical condition.
During this process, they may get back to the doctor and be dispatched to other
units. If they don’t receive observation care, their treatment process is generally
under 30 minutes. Green zone patients generally leave the emergency service after
a basic examination. In addition to the red, yellow and green zone patients, some

patients use emergency services for ordinary services like the injection.

Table 3.1.Demands of the emergency departments

Puy,, | Puy, | Pus Pus Pri | Prog | Prs | Pry
Percentage of arrivals | 24.2% | 10.7% | 20.4% | 24.7% | 6.0% | 6.7% | 0.3% | 7.0%
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Table 3.2.The average time between arrivals (in seconds)

Patients arrive by walk

Consultation

Judicial cases

Admission part Primary traige
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Figure 3.1.Several routes in ED
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02:00-08:59 373 845 | 391 | 360 | 408 | 420 | 8500 | 431
Weekdays 09:00-16:59 94 212 106 | 99 | 1435 | 1436 | 28800 | 1435

17:00-01:59 78 176 82 75 226 | 227 | 4600 | 227

02:00-08:59 368 826 | 402 | 347 | 432 | 403 | 8321 | 408
Weekdays

09:00-01:59 85 192 92 82 377 | 379 | 7650 | 378
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In the current system, about 75% of the patients are tagged as yellow

zone patients in the public hospitals, while the red zone patients are about 3%, and

the rest are green zone patients. In the private hospitals, green and yellow zone

patients are generally combined and tagged as medical, while red zone patients are

tagged as urgent patients, which are about 96% and 4% of all patients, respectively.

This difference between public and private hospitals is because of the payment

policies of the Turkish Social Security Institution (SGK) about the yellow and

green zone patients. According to their interpretation, patients of the green zone
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aren’t urgent, so they can be only examined and other items like injection cannot
be billed and thus will not be covered by SGK. However, this application in the
public hospitals, especially after 17:00 is impossible. Even though some patients
should be tagged as green zone patients, many of the patients are categorized in
the yellow zone in order for the doctors to be able to apply some basic outpatient
treatments due to SGK regulations.

We observe that about 95% of the patients of the emergency services
in both the public and private hospitals are treated as outpatients and only about
5% of them take place in the inpatient treatment category. Most of the inpatient
treatments are in the pediatric units, which is about 9% at most.

Resources of the emergency services for a typical time of the week are
presented in Table 3.3., however, it is also observed that resources might change
during the week depending on the number of patients in the emergency service. For
example, in each shift, generally there are 1 doctor and 7 nurses in Pu,,, and 1
doctor and 3 nurses in the private hospitals’ emergency services, while 1 doctor and
1 nurse are added to these staffs in the crowded periods. In our simulation model,
we reflect this situation by considering a critical level, which changes the resources.

The distributions for process times are fitted using the Input Analyzer
tool of the Rockwell Arena 14.5 simulation software, which are summarized in Ta-
ble 3.4.. Input data for these processes are mostly collected by observation. For

each process, over 100 data are gathered at different times of the day.

Table 3.3.Resources of the emergency services in each shift

Triage Green zone Immediate treatment | Examination | Observation | Resuscitation
Nurse | Doctor | Nurse Technician Doctor | Nurse Nurse Doctor | Nurse
Pu,,, 1 1 1 2 2 2 3 1 1
Puy,, 1 - 1 1 2 3 1 1
" Puy 1 1 1 2 2 2 3 1 1
£ Puy 1 1 1 2 2 2 3 1 1
2
mo Prq - - 1 1 1 2 1 1
Pry - - 1 1 1 2 1 1
Prs - 1 - - 2 1 1
Pry - - - 1 1 1 2 1 1

18



(a) Fitted distribution for the ad- (b) Fitted distribution for the green

mission and triage processes zone patients’ examination time

(c) Fitted distribution for the yellow (d) Fitted distribution for the out-

zone patients’ examination time patient treatment time

Figure 3.2.Fitted distributions

Table 3.4.Process times distribution (in minutes)

Distribution
Admission and triage processes times Normal (0.984,0.182)
2 Green zone patients’ examination time Normal (4.03, 1.41)
% Yellow zone patients’ examination time Normal (5.11, 1.49)
S:Oj Outpatient treatment time Normal (27.2, 3.86)
Observation time 30 + 225 x Gamma(3.13, 1.7)

Graphs of the fitted distribution for examination time in the green and
yellow zones and also admission and triage processes are given in Figure 3.2..
These processes are the ones that lead to waiting periods before an examination,
which is mostly focused on in this chapter. The input analyzer finds the best-fitted
distribution doing Chi-square, and Kolmogorov-Smirnov tests. In these tests, if the
p-value is greater than 0.10, then the null hypothesis, i.e., that the data is well
fitted to a certain distribution, cannot be rejected. The p-values of the tests are

written under the figures.
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3.2.1. Cost and payment in the emergency services

The written notification of health services (SUT), issued by SGK, defines
treatment payments in Turkish hospitals. According to this declaration, yellow and
red zone patients don’t pay any price for the services they get, either in the public
or private hospitals emergency services. In the public hospitals’ green zone, patients
pay b Turkish Lira (TL) (To provide a perspective about these values, we note that
the minimum wage was around 1200 TL per month and 1 TL was about 0.37 USD
at the time). The average cost of green zone patients’ examination is found to be
19.57 TL based on the receipts obtained from the public hospitals and SGK pays
19.57 — 5 = 14.57 TL on average per green zone patient to the public hospitals.
According to the contract between SGK and the private hospitals, the prices of
examination and its services (red and yellow zones examinations as emergency cases
aren’t in this category) can be 3 times the price in the public hospitals. In contrast
to the public organizations, that don’t pay tax, there is also 8% tax in the private
sector. According to this contract system, there are two types of pricing for the
green zone patients in the private hospitals. If a patient is only examined without
using the other medical services and analysis, the price is calculated as (19.57 +
8% tax) x 3 = 63.4 TL. 54 TL of this amount is paid by the patient and the
remaining amount, 9.4 TL, is covered by SGK and paid to the private hospitals
as a subsidy payment per patient. If in addition to the examination, a patient
uses services like Rontgen or medical imaging, they will have additional costs. The
distribution for the total price per patient in the private hospitals is found to have
a Normal distribution with parameters (380, 90) based on the data obtained from
the private hospitals. About 14% of this amount is paid by SGK while the rest is
paid by the patients. Under this payment schedule, since the prices are generally
much higher in the private hospitals, it is generally not suitable for many patients
and due to this high cost of private hospitals, most patients do not prefer private
hospitals. However, in the public hospitals, the costs are much cheaper and the cost
a green zone patient is fixed at 19.57 which only includes an examination by the
doctor. However, the costs of yellow and red zone patients, who require additional

procedures at the public hospitals, are best fitted by the random function 15 4
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Weibull(38.2,0.68) using Arena’s Input Analyzer function, based on the billing data
obtained from public hospitals. The cost of red zone patients in the public hospitals
is defined as 1.25 x (15 + Weibull(38.2,0.68)), based on the data obtained from the
provincial organization of health ministry. The differences between the costs of
different patients are mainly because of the uses of different physical equipment,
devices of medical tests, imaging and different operations performed. According to
the obtained information, the cost of red zone patients in the private hospitals is
approximately twice the values in the public ones. In Table 3.5., we present the
costs and the usage percentages for different procedures applied for the patients

coming to the emergency services.

Table 3.5.FEmergency services general expenses in the public hospitals

Percentage | Average amount in the invoices (TL)

Surgery 7% 128.94

Anaesthesia 8% 18.64

Biochemistry 8% 10.63
Electrocardiography (ECG) 10% 3.33
Echo-cardiography (Echo) <1% 26.2
Hormone test 1% 6.5

Drug 40% 7.84
2 Magnetic resonance imaging (MRI) <1% 65
& Examination 100% 19.57
é Immediate treatment 45% 27.36
E Psychological support <1% 17.5
Radiologic diagnosis 4% 6.88

Rontgen 22% 16.79
Other Expenses 27% 2.98

Medical analysis 38% 29.67
Treatment <1% 8.5

Tomography 13% 80.58
Ultrasonography 1% 23.8
Bed 29% 5.84
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3.3. Outputs of the Current State Simulation and Validation of Results

The described system in the previous section is simulated in the Rock-
well Arena 14.5 simulation software on a system with Pentium dual-core, 2.20 GHz
processor and 3.00 GB RAM. Some screenshots of the Arena model are shown in

Figure 3.3..

1 =]
D%_l

‘ ; Arrivals to an Emergency Department ‘

‘ ; Acceptance and Triage ‘ ‘ ; Green and Yellow Examination Zones ‘
; Observation Zone ‘; Emergency medical intervention ‘

¥ Exit

(a) Arrivals to the region and

patients’ preferences to select (b) Different units within each emergency depart-

an emergency department ment

(g) Medical intervention unit (h) ICU

Figure 3.3.Some screenshots of the Arena model
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Replication length of one simulation run is 30 days and the average of 30
simulations are considered in the results. The warm-up period is defined as the first
day in each simulation run since the waiting times are seen to reach their steady-
state situation after this time. Queues in the simulation model are (i) waiting queue
in the admission part, (ii) waiting queue before triage and (iii) waiting queue after
triage and before examination (for yellow and green patients). Other queues are
either neglected or included with the other processes. For example, waiting queues
for medical tests and imaging units are included in the yellow zone treatment time.
Patients’ total average waiting time in the emergency service is the average of
total waiting times in the green and yellow zones calculated as waiting time in the
admission part queue + waiting time before triage queue + waiting time after triage
and before examination queue. Outputs of our simulation study are summarized in
the following tables. The number of patients and costs (in TL) are monthly values
and the time unit is a minute.

As shown in Table 3.6., the average total monthly cost of the patients
in the emergency services is approximately 8,420,521 TL. About 4,768,598.44 TL
of this cost is paid by SGK, while the patients pay about 3,651,923 TL.

Validation of the simulation is tested based on the number of patients
and their average waiting times in the real system and in the simulation outputs.
The number of patients and their waiting times at each hospital in real-life and
in our simulation results are seen to be very close to each other as presented in
Table 3.7.. We also construct a 95% confidence interval for the mean of these
values. Since all the confidence intervals include the mean values of the real-life
system, we can state that the number of patients and their waiting times in the
simulation outputs are not significantly different than the real system. In addition,
the government expenses of SGK in the real-life are seen to be consistent with the
government expenses observed in our simulation results. Thus, we can state that
the simulation model is validated and we can conclude that the simulation model
results are consistent with the actual system observations.

Lastly, observe that the ratio of the half-widths based on the 95% con-
fidence intervals to the value of the means in Table 3.7. for all statistics are

S(n)
less than 10% for 30 replications, i.e. for n=30, the ratio Z(i;-(/(iz)—f < 0.1, where
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a = 0.95, S(n) denotes the standard deviation and X (n) denotes the mean of the
simulation outputs with n replications, presented at each row of Table 3.7.. Thus,

we conclude that n = 30 replications provide enough precision on our results.

Table 3.6.Outputs for the current system

Pu,,, Puy,, Puy Pus Pry Pry Prg Pry
Number of patients 22042.8 | 9442.5 | 18696.4 | 21986.3 | 5533.3 | 5997.7 | 276.5 | 6202.1
Waiting time per patient | 20.34 4.09 18.38 19.99 1.61 1.70 0.02 1.72
Maximum waiting time 45.72 10.34 | 40.45 43.18 5.47 5.78 0.18 5.19
Total cost 1204135 | 512874 | 996723 | 1193457 | 1382324 | 1502083 | 64235 | 1564690

Total spending of SGK | 1179974 | 502583 | 976724 | 1164809 | 289585 | 314407 | 3784 | 336731

Table 3.7.Comparison between the real system and the outputs of the simulation model

Number of Patients Waiting Times
Real system Simulation model Real system Simulation model

Average | Average | Std. dev. | 95% Conf. Int. | Average | Average | Std. dev. | 95% Conf. Int.
Pu,,, 21776 22042 1342 (21562, 22522] 21.18 20.34 3.81 (18.98, 21.70]
Puy,, 9636 9442 723 (9183, 9701] 3.86 4.09 1.12 [3.69, 4.49]
Puy 18324 18696 1128 [18292, 19099 19.33 18.38 3.35 [17.18, 19.58]
Pug 22239 21986 1454 [21465, 22506] 21.29 19.99 3.79 [18.63, 21.35]
Pry 5419 5533 625 [5309, 5756] 1.52 1.61 0.37 [1.48, 1.74]
Pry 6034 5997 687 [5751, 6243] 1.79 1.70 0.43 [1.55, 1.85]
Prs 268 276 35 [263, 289] 0.02 0.02 0.005 [0.018, 0.022]
Pry 6345 6202 712 (5947, 6457] 1.81 1.72 0.47 [1.55, 1.89]

3.4. Definitions of Different Scenarios and Their Outcomes

In this section, we explain different policies that can be implemented by
the government in order to improve the healthcare system. We aim to come up
with strategies that will decrease the waiting times at the public hospitals that will
lead to a better-balanced system between public and private hospital utilization.

However, we also have a budget constraint such that we don’t want to increase the
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government expenses. Thus, we aim to increase N, while decreasing Hy, Ny, Wy,
and W,. Note that some of these objectives conflict with each other and we aim to
find a system that balances these values.

In addition to considering these values separately, we also consider a
weighted sum of these values, defined as the social utility, U, as given in Equation
3.1. In addition to evaluating different parameters defined in each group of scenarios
below, we also determine the best values of these parameters based on the objective
of maximizing U.

We propose different scenarios in the following sections and analyze their
results based on the simulation outputs. We make 30 replications for each scenario,
each of length 30 days and the warm-up period of each scenario is the first 3 hours
since the waiting times are seen to reach their steady-state situation after this time.
In order to eliminate the effect of random number generation when comparing dif-
ferent scenarios, we use the same random number seeds among the runs of different
scenarios. Thus, the same random numbers will be used in different scenarios, the
number of patients generated will be the same, and the only difference between
different scenarios will exist only because of the differences of the applied policies.
The results of all the scenarios are summarized in Table 3.8.. The improvement
percentages obtained by the scenarios according to the current state is shown in

the last column of this table.

3.4.1. Scenario 1: Policies based on the resource capacity decisions

We first consider the capacity decisions in the public hospitals and an-
alyze the system results for different amounts of resources. In this scenario, the
number of examination teams has been increased in the public hospitals. We note
that the waiting times at the private hospitals are significantly lower and the num-
ber of resources in the private hospitals is thought to be sufficient. In scenario 1-1,
we add one more doctor and one more nurse to all shifts of all emergency services of
the public hospitals. This change results in the average waiting time at the public
hospitals to be 3.28 minutes, however, it leads to about 6% increase in the public
spending due to the cost of additional resources. In case of adding two (scenario

1-2), three (scenario 1-3), four (scenario 1-4) and five (scenario 1-5) examination
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teams to all shifts of all emergency services of the public hospitals, the average total
waiting times decrease to 2.02, 1.81, 1.73 and 1.72 minutes, while the government
expenses increase by 11%, 17%, 23%, and 28%, respectively. The results of these
scenarios can be seen in Table 3.8. in more detail. As seen in the table, adding
more resources to the emergency services of the public hospitals will lead to more
costs and the healthcare budget needs to be increased significantly, which might
not be possible. In addition, it is generally not possible to increase the number
of resources, not only because of the costs but also because of the infeasibility of
such changes. Since the number of doctors and nurses are limited in the health-
care system, it might not be possible to find new doctors to employ in the system.
Adding more doctors or nurses into the emergency system might require the number
of doctors or nurses in the other parts of the hospitals to be decreased which will
cause more significant problems in those areas. In addition, we also consider the
option of opening an additional public hospital in the region which will decrease
the waiting times, however we do not analyze that option in our simulation exper-
iments since opening an additional public hospital requires an extensive amount of
investment which is out of the budget constraint of the government and thus said
to be infeasible. Because of these reasons, we search for other policies which will
not require additional healthcare budget within the given resource constraints and
analyze different pricing strategies in the next sections in order to better utilize the

public and private hospital resources.

3.4.2. Scenario 2: Policies based on financial incentives for private hos-

pitals

Directing some of the public hospital patients to the private ones might
benefit the system as a whole. However, when a patient chooses to go to the private
hospital instead of the public one, the healthcare spending of the government will
also change. In the current system, about 86% of the private hospital expenses are
paid by the patients, while 14% of these expenses are paid by the government as
subsidy payments. For example, the green zone examination price is 63 TL in total
and 54 TL is paid by the patients while 9 TL is paid by the government to the

private hospital. The other expenses are also paid based on these ratios. Changing
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these ratios might result in improvements in the system by changing the patient
preferences and the demand pattern for the hospitals. In this section, we analyze
the results of applying different subsidy payment ratios for the private hospitals
using the simulation model and aim to determine the optimal subsidy value.
Recall that in the current system, the price of just an examination at the
private hospitals is 63 TL and the government pays 9 TL (14%) of this price while
the patients pay 54 TL. We analyze four scenarios in which the ratio of the payments
made by the government as subsidy payments for the patients going to the private
hospitals are increased to 20%, 28%, 36% and 45%, such that the patients need to
pay 50, 45, 40 and 35 TL, respectively. All the other prices for additional operations
will also be paid in the proposed payment ratios. For this purpose, we first prepare
a survey to understand the patient preferences between public and private hospitals
based on different payment values for the private hospitals. In this questionnaire,
200 patients in various hospitals were asked about their maximum willingness to
pay in order to prefer the private hospitals rather than public ones for emergency
departments. Results of this survey demonstrate that most of the patients going
to the public hospitals might prefer the private hospitals if the price they need to
pay to the private hospital is decreased. Using the survey results, we estimate the
percentage of patients that will prefer the private hospitals under different price
values. We present the estimated demand structure for the private hospitals under
different subsidy payment ratios based on our survey results in Figure 3.4.. In
the next scenarios, we analyze the system results for varying subsidy payments and

patient preferences.
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Figure 3.4.Fstimated demand for the private hospitals under different subsidy payment

Scenario 2.1: The government subsidy payment for the private hospitals
is increased to 20%

In this scenario, we analyze the system results when the subsidy pay-
ments made by the government is increased by 6% such that 80% of the total
expenses are paid by the patients and 20% is paid by the government. According
to the survey results, about an additional 3% of the population will now prefer the
private hospitals instead of the public ones as a result of this decrease in patient
payments. As a result of this change, based on the simulation outputs as seen in
Table 3.8., the expenses of the SGK will increase by 6%. In this case, the total
average waiting time of the patients in the public hospitals is seen to decrease to
11.14 minutes, while the average waiting time at the private hospitals increases to
1.85 minutes.

Scenario 2.2: The government subsidy payment for the private hospitals
is increased to 28%

Now, we assume that the patients need to pay 72% while the government
pays 28% of the total private hospital expenses. In this case, about an additional
7% of the population will now prefer the private hospitals instead of the public ones,
compared to the current system. As a result of the change in this demand pattern,
expenses of SGK are seen to increase about 17%. The total average waiting time
of the patients in the public hospitals is seen to decrease to 7.13 minutes, while
the average waiting time at the private hospitals, increases to 2.36 minutes. As a

result of this scenario, the average waiting time at the public hospitals is decreased
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even more, but 17% increase in government expenses brings a significant cost to the
government.

Scenario 2.3: The government subsidy payment for the private hospitals
is increased to 36%

In this scenario, we assume that the patients need to pay 64% while the
government pays 36% of the total private hospital expenses. In this case, about
an additional 10% of the population will now prefer the private hospitals instead
of the public ones. As a result of this scenario, expenses of SGK increase by 30%,
while the average waiting times at the public and private hospitals are 4.69 and 3.57
minutes respectively. Even though the average waiting times are better balanced
in this scenario, the additional 30% increase in government expenses is not seen
acceptable.

Scenario 2.4: The government subsidy payment for the private hospitals
is increased to 45%

Now, we assume that the patients need to pay 55% while the government
pays 45% of the total private hospital expenses. In this case, about an additional
15% of the population will now prefer the private hospitals instead of the public
ones. As a result of this scenario, expenses of SGK are seen to increase by 45%,
while the average waiting times at the public and private hospitals are 3.18 and 5.72
minutes, respectively. In this case, the average waiting times at the private hospitals
are now more than the public ones since the capacity of the private hospitals is not
enough to handle the increased demand in this scenario. As a result, the private
hospitals might not be preferable as before, which is not an acceptable situation for
the managers of the private hospitals. In addition, the 45% increase in government
expenses is significantly more than the acceptable values. Thus, this scenario is not
seen to be an acceptable one.

Scenario 2-opt: The government subsidy payment for the private hospi-
tals is determined to maximize U

When we analyze different scenarios as explained below, each case pro-
vides different and contradicting results in terms of our objectives. For example, as
we decrease the payment ratio made by the patients in the second group of scenar-

ios, the number of patients going to public hospitals and thus the average waiting
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time at the public hospitals decrease while the number of patients going to private
hospitals and thus the average waiting time at the private hospitals and the govern-
ment expenses increase. With the development of the social utility function U as
given in Equation 3.1, we combine contradicting results into a single value and aim
to maximize that value by the optimal choice of the ratio of the payments made
by the patients. We find that the maximum value of U is obtained when the ratio
of the subsidy payment for the private hospitals is increased to 27%. To find this
value, using the Process Analyzer program, the graph of U is drawn according to
possible subsidies paid by the government and then the highest value is determined.
This method is also applied for 3-opt, 4-opt and 5-opt scenarios. The last row of
the second group of scenarios in Table 3.8. presents the resulting values when
we apply this subsidy ratio with a value of U = 0.254. In this case, the waiting
times at the public and private hospitals turn out to be 7.21 and 2.26 minutes,
while the government expenses increase by about 15%. We note that as the weights
of different objectives change, the resulting optimal subsidy ratio will also change.
For example, as the weight of government expenses increase, a smaller subsidy ratio
would be optimal. On the other hand, as the weight of waiting times at the public

hospitals rises, the optimal subsidy ratio would also increase.

3.4.3. Scenario 3: Differentiated two-price policies in the private hos-

pitals based on the patient income level

We observe that the waiting times at the public hospitals can be de-
creased when some of the public hospital patients are directed to private hospitals
by decreasing the patients’ payment ratios at the private hospitals. However, such
changes lead to increased public spending which is not acceptable by the govern-
ment. To overcome this problem, we propose a differentiated pricing strategy by
dividing the population into two segments such that two different prices are applied
to these segments.

In this scenario, we propose that the government increase the subsidy
payment ratio, only for the patients with an income lower than a certain level, since
the patients with a higher income are already choosing to go to the private hospitals

at the current payment ratio. With this mechanism, additional patients with lower
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incomes (who are more sensitive to price) would prefer to go to private hospitals.
Since patients with higher incomes are less sensitive to price, they will still prefer to
go to private hospitals and the effect of this change would be very small on higher
income patients. This differentiated pricing policy would induce more people in total
to go to private hospitals and the higher compensation payments made by SGK for
lower-income patients can be balanced with the lower compensation payments made
for the higher income patients.

The use of price discrimination in healthcare might be thought to pose
some ethical concerns. However, In Turkey, patients with very low income already
have a card called green card that allows them to obtain healthcare service free of
charge from any public institution, while the rest of the population needs to pay
a certain amount for those services. This application can also be considered as
a form of price discrimination, and is widely accepted by the community. Since
a similar system was previously in Turkey, the proposed differentiated mechanism
is also considered to be applicable. Price discrimination is also applied in various
other systems in different forms, such as student discounts, senior discounts etc.
In addition, the tax systems of the governments are based on the discrimination
of the population based on their incomes. A fair tax system is considered to be
the one which obtains higher tax from the people with higher income. The price
discrimination in the healthcare system that is applied based on the income levels
of the patients can be seen to be a similar application as the tax system and people
with lower incomes getting higher subsidies can even be thought to be more fair
than providing the same subsidy for everyone.

In this model, we assume that there is no cannibalization effect such
that the current patients preferring the private hospitals at the current price are
among the high-income patients and will still pay the current price and only the
additional patients with lower income levels will benefit from the differentiated price
and pay the decreased price. Based on our survey results we determine that most
of the patients that prefer the private hospitals at the current price are among the
high-income population and using the income level in order to determine who can
benefit from the decreased price is an efficient strategy to segment the population

with negligible cannibalization effects. In our models, we allow only the patients
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whose income levels are below a certain level to benefit from the decreased price in
order to generate new demand for private hospitals without affecting the payments
of the current demand. However, we also note that, in the worst case, even if all
the patients who benefit from the increased subsidy ratios are among the current
patients who pay the current subsidy ratio in the current system (i.e when the
cannibalization ratio is 100%), the system results will be the same as the results
of the second group of scenarios stated above. For cannibalization ratios less than
100%, the system results will always be better than the second group scenarios. The
third group of scenarios is designed considering this differentiated pricing policy.
Scenario 3.1: The differentiated subsidy payment ratios are 14% and
20%

In our first scenario, we use the new subsidy payment ratio as 20% in
addition to the current ratio of 14%. The patients whose income levels are above a
certain level obtains 14% subsidy payment as before and these are the same patients
who prefer the private hospitals at the current system. However, we also provide
20% subsidy ratio for those patients whose income levels are below a certain level
and based on the survey results we observe that this new pricing strategy will
generate an additional 3% demand in the population for the private hospitals. As a
result of this scenario, based on our simulation results we observe that the average
waiting times at the public hospitals decrease to 11.14 minutes while the average
waiting times at the private hospitals increase to 1.85 minutes. The government
expenses are seen to increase by only 1% as a result of this differentiated pricing
policy which is much better than the government expenses in Scenario 2.1. In
this scenario, we assume that the number of patients among the lower income
population, who currently prefer the private hospitals but can benefit from the
decreased price, are negligible and do not cannibalize the system. We note that as
the number of such patients increases the government expenses get closer to the
results in Scenario 2.1 and becomes the same as the one in that scenario in the
worst case when all the patients are in that segment. Recall that, we use the same
random number seeds in order to eliminate the effect of randomness in comparing
different scenarios. As a result of this, the values of Ny, N,, W, and W, are the

same as in Scenario 2.1, since the only difference between scenarios 2.1 and 3.1
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is the ratio of subsidy payments made by the government for the patients in the
private hospitals, everything else remaining the same.

This policy also provides an improvement over the current system in
terms of the patients’ utility since an additional 3% of the population now choose
to go to the private hospitals and obtain a better service based on their own utility
and preference, which they did not prefer before. In addition, this change in the
demand pattern has a positive externality effect on the patients going to the public
hospitals. Even though these patients did not change their preference and still go
to the public hospitals since the number of patients going to the public hospitals is
decreased, the waiting times at the public hospitals are decreased and the patients
need to wait shorter times at the public hospitals, increasing their utility as well.
Scenario 3.2: The differentiated subsidy payment ratios are 14% and
28% of the total price

In this scenario, we apply the same strategy as in Scenario 3.1 but we
use 28% as the new subsidy payment ratio differentiated from the current ratio of
14% in order to increase the demand for the private hospitals. In this case, about
an additional 7% of the population will now prefer the private hospitals instead of
the public ones and the average waiting times at the public and private hospitals
are seen to be 7.13 and 2.36 minutes, respectively. The expenses of SGK are seen
to increase by only 2% in this case.

Scenario 3.3: The differentiated subsidy payment ratios are 14% and
36% of the total price

Now, we use 36% as the new subsidy payment ratio differentiated from
the current ratio of 14% in order to further increase the demand for the private
hospitals. In this case, the demand for the private hospitals is found to increase
about 10% as a result of our survey. The average waiting times at the public and
private hospitals are seen to be better balanced in this case as 4.69 and 3.57 minutes,
respectively. The expenses of SGK are seen to increase by only 6% as a result of

this scenario.
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Scenario 3.4: The differentiated subsidy payment ratios are 14% and
45% of the total price

When we use 45% as the new subsidy payment ratio differentiated from
the current ratio of 14%, we find that an additional 15% of the population will now
prefer the private hospitals, as a result of our survey. The average waiting times at
the public and private hospitals are seen to be 3.18 and 5.72 minutes, respectively,
while the expenses of SGK are seen to increase by 12%.
Scenario 3-opt: The second subsidy payment ratio, in addition to 14%,
for the private hospitals is determined to maximize U

We find that the maximum value of U is obtained when the increased
subsidy payment ratio for the private hospitals is 34%, in addition to the subsidy
payment ratio of 14% that currently exists in the system. The last row of the third
group of scenarios in Table 3.8. presents the resulting values when we apply these
differentiated subsidy ratios, and the resulting value of U will be 0.311. In this case,
the waiting times at the public and private hospitals turn out to be 5.13 and 3.17

minutes, while the government expenses increase by about 4.5%.
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Table 3.8.0Outputs of the scenarios, where waiting times and expenses are in minutes

and TL

Hy (TL) | Ny N, We | Wo | U | Imp%

Cu 4768598 | 72168 | 18009.60 | 17.60 | 1.65 | 0.198

S-1-1 5043598 | 72168 18009.6 | 3.28 | 1.65 | 0.295 | 48.99%
S-1-2 5318598 | 72168 18009.6 | 2.02 | 1.65 | 0.287 | 44.95%
S-1-3 5593598 | 72168 18009.6 | 1.81 | 1.65 | 0.270 | 36.36%
S-1-4 5868598 | 72168 18009.6 | 1.73 | 1.65 | 0.252 | 27.27%
S-1-5 6143598 | 72168 18009.6 | 1.72 | 1.65 | 0.234 | 18.18%

S-2-1 5050144 | 69471.7 | 20705.9 | 11.14 | 1.85 | 0.243 | 22.73%
S-2-2 5566532 | 66131.2 | 24046.4 | 7.13 | 2.36 | 0.251 | 26.77%
S-2-3 6184395 | 62790.5 | 27387.1 | 4.69 | 3.57 | 0.236 | 19.19%
S-2-4 6896159 | 59384.2 | 30793.4 | 3.18 | 5.72 | 0.203 | 2.53%
S-2-opt | 5498400 | 66489.1 | 23688.5 | 7.21 | 2.26 | 0.254 | 28.28%

S-3-1 4779214 | 69471.7 | 20705.9 | 11.14 | 1.85 | 0.261 | 31.82%
S-3-2 4867137 | 66131.2 | 240464 | 7.13 | 2.36 | 0.298 | 50.51%
S-3-3 5062797 | 62790.5 | 27387.1 | 4.69 | 3.57 | 0.310 | 56.57%
S-3-4 5342757 | 59384.2 | 30793.4 | 3.18 | 5.72 | 0.306 | 54.55%
S-3-opt | 4986376 | 63587.2 | 26590.4 | 5.13 | 3.17 | 0.311 | 57.07%

S-4-1 4318924 | 69471.7 | 20705.9 | 11.14 | 1.85 | 0.291 | 46.97%
S-4-2 4489712 | 66131.2 | 24046.4 | 7.13 | 2.36 | 0.323 | 63.13%
S-4-3 4747653 | 62790.5 | 27387.1 | 4.69 | 3.57 | 0.332 | 67.68%
S-4-4 5071426 | 59384.2 | 30793.4 | 3.18 | 5.72 | 0.325 | 64.14%
S-4-opt | 4773836 | 62362.3 | 27815.3 | 4.40 | 3.78 | 0.333 | 68.18%

S-5-1 4707101 | 69471.7 | 20705.9 | 11.14 | 1.85 | 0.266 | 34.34%
S-5-2 4747219 | 66131.2 | 24046.4 | 7.13 | 2.36 | 0.306 | 54.55%
S-5-3 | 4911707 | 62790.5 | 27387.1 | 4.69 | 3.57 | 0.321 | 62.12%
S-5-4 5226943 | 59384.2 | 30793.4 | 3.18 | 5.72 | 0.314 | 58.59%
S-5-opt | 4948070 | 62203.6 27974 4.34 | 4.00 | 0.322 | 62.63%

35



3.4.4. Scenario 4: A complete price differentiation policy in the private

hospitals based on the patient income level

Instead of using just two different subsidy ratios, in the extreme, the
government can apply a completely differentiated pricing policy based on the income
levels of the patients such that each patient needs to pay a different ratio based on
his/her income level. For example, some patients who have the highest income level
obtains no subsidy payment and need to pay 100% of the private hospitals’ expenses,
while some others with lower income levels obtain positive subsidy percentages. We
assume that the price sensitivities of the patients decrease as their income levels
increase such that the patients with the highest income levels will still prefer the
private hospitals even if no subsidy payment is given to them, while more subsidy
payments need to be given to lower income patients. In these scenarios, we define
a maximum subsidy payment ratio s,,.., and each patient obtains a different ratio
between 0 and this defined maximum level based on their income level. For example,
the patients with an income level higher than a certain value I,,,, gets 0% while
the patients with an income level lower than a certain value I,,,;, gets s,,q.. Then,

the patients with an income level I such that I,,,;, < I < I,,4., is assumed to obtain

Smax (Imaz 71)

Imaz*Imin

We assume a uniformly distributed willingness to pay distribution for
the patients in the population and thus a linear demand function for the private
hospitals. We also assume that the patients’ willingness to pay for the private hospi-
tal services is linearly increasing with the patients’ income levels. Even though the
income levels do not completely and exactly characterize the patients’ willingness
to pay distribution, these scenarios allow us to observe the best results that could
be obtained through differentiated pricing and provide the extreme solutions.
Scenario 4.1: The subsidy payment ratios are continuously differentiated
between 0 and 20% of the total price

In this scenario, we use $,,q., = 20% and the patients going to the private
hospitals obtain different subsidy payment ratios uniformly distributed between 0
and 20% based on their income levels. As a result of this scenario, based on our

simulation results, we observe that the average waiting times at the public hospitals
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decrease to 11.14 minutes while the average waiting times at the private hospitals
increase to 1.85 minutes. The government expenses are seen to decrease by 9% as a
result of this differentiated pricing policy. The additional expenses of the patients
going to private hospitals as a result of the increased subsidy ratios between 14%
to 20% are now financed by the decreased subsidy ratios of the higher income
patients obtaining subsidy ratios between 14% and 0. As a result of this strategy,
the average waiting times at the public hospitals and the government expenses are
both decreased.
Scenario 4.2: The subsidy payment ratios are continuously differentiated
between 0 and 28% of the total price

In this scenario, we use $,,,, = 28% and based on our simulation results,
we observe that the average waiting times at the public and private hospitals are
7.13 and 2.36 minutes. The government expenses are now seen to decrease by 6%
as a result of this differentiated pricing policy.
Scenario 4.3: The subsidy payment ratios are continuously differentiated
between 0 and 36% of the total price

In this scenario, we use Sq. = 36% and based on our simulation results
the average waiting times at the public and private hospitals are better balanced
as 4.69 and 3.57 minutes. The government expenses are now almost the same as
the government expenses in the current system. We observe in this scenario that
the waiting times at the public hospitals can be significantly decreased without any
increase in the government expenses via differentiated pricing.
Scenario 4.4: The subsidy payment ratios are continuously differentiated
between 0 and 45% of the total price

In this scenario, we use $,,,, = 45% and based on our simulation results,
we observe that the average waiting times at the public and private hospitals are
3.18 and 5.72 minutes. The government expenses now increase by 6%. As a result
of this scenario, we can state that increasing the subsidy payment ratios this much
does not benefit the system since it leads to both increased government expenses

and increased waiting times at the private hospitals.
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Scenario 4-opt: The subsidy payment ratios are continuously differenti-
ated between 0 and an upper bound which is determined to maximize
U

We find that the maximum value of U is obtained when s,,,, = 37%,
such that the subsidy payment ratios are continuously differentiated between 0 and
37%. In this case, the value of U becomes 0.333, and the average waiting times
at the public and private hospitals are 4.40 and 3.78 minutes. The government
expenses now increase by only 0.1%. Thus, we can state that this scenario reaches
to a system with a much better balanced waiting times at the public and private

hospitals with almost the same amount of public spending.

3.4.5. Scenario 5: A linear two-part tariff contract

In this section, we analyze the effect of applying a linear two-part tariff
(a fixed fee) contract that the government can make with the private hospitals.
Under this contract scenario, the government agrees to pay a fixed fee to the private
hospitals in addition to the prices paid per patient. The government expects the
private hospitals to decrease their prices in return for the fixed fee payment such
that the private hospitals will again obtain the same profit as in the current system.
When the private hospitals decrease their prices, their profit will decrease, thus
in the current system they don’t accept to decrease their prices, however when
the government offers to pay a fixed fee if they decrease their prices, the private
hospitals might accept this agreement since their loss due to decreased prices will
be compensated by the government’s fixed payment.

We analyze the linear two-part tariff contracts in this section using dif-
ferent amounts of fixed fee payments to be offered to the private hospitals. As a
result of different fixed fee payments, the private hospitals will accept different per-
centages of decreases in their prices. We observe that the private hospitals are not
willing to decrease their prices without an additional payment since their profits are
seen to decrease as a result of a decrease in their prices. However, if these decreases
in the profits are compensated by the fixed fee payments, they will be willing to

accept such changes. We analyze these results in detail below.
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Scenario 5.1: 7% decrease in prices in return for a fixed fee payment

In this scenario, we propose that the private hospitals decrease their
prices by 7%. Note that this decrease in price combined with the 14% subsidy
payment of the government will result in the same payment requirement for the
patients as in Scenario 2.1. The patients need to pay 80% of the initial cost since
(1-0.07)(1-0.14)=0.8 and the patient preferences will be the same as in Scenario
2.1. We observe that when the private hospitals decrease their prices by about 7%,
their profits decrease by 10,026 TL, based on our simulation results. In order for
the private hospitals to accept this contract, an amount that is at least equal to
10,026 TL needs to be paid as a fixed fee to the private hospitals. In this case, more
patients prefer the private hospitals due to the decrease in prices and as a result,
the average waiting times at the public and private hospitals turn out to be 11.14
and 1.85 minutes, respectively. The government expenses also decrease to 4,707,101
TL, even after making the 10,026 TL fixed fee payment to the private hospitals.
The total government expenses are 1.3% less than the government expenses in the
current system. We note that even though higher fixed fee amounts might be asked
by the private hospitals in order for them to accept these contracts, we assume
that an amount that increases their profit to the level of their profit in the current
system, is enough for them to accept this contract. As a result of this contract,
the government expenses and the average waiting times at the public hospitals are
both seen to decrease.
Scenario 5.2: 16% decrease in prices in return for a fixed fee payment

If the private hospitals agree to decrease their prices by 16%, combined
with the 14% subsidy payment of the government, the patients now need to pay
72% of the initial cost since (1-0.16)(1-0.14)=0.72, similar to the case in Scenario
2.2. In this case, the profits of the private hospitals are seen to decrease by 109,286
TL and this amount needs to be paid as a fixed fee in order for the private hospitals
to accept this contract. In this case, the average waiting times at the public and
private hospitals turn out to be 7.13 and 2.36 minutes, respectively. The government
expenses increase to 4,747,219 TL after making the 109,286 TL fixed fee payment
to the private hospitals, which is 0.5% more than the government expenses in the

current system. Under this contract, the private hospitals make the same profit as
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in the current system and the average waiting times at the public hospitals can be
significantly decreased with almost the same amount of public spending.
Scenario 5.3: 25% decrease in prices in return for a fixed fee payment

If the private hospitals agree to decrease their prices by 25%, combined
with the 14% subsidy payment of the government, the patients now need to pay
64% of the initial cost since (1-0.25)(1-0.14)=0.64, similar to the case in Scenario
2.3. In this case, the profits of the private hospitals decrease by 374,289 TL and this
amount is paid as the fixed fee by the government such that the private hospitals
will be willing to accept this contract. The average waiting times at the public
and private hospitals turn out to be 4.69 and 3.57 minutes, respectively. The
government expenses increase to 4,911,707 TL after making the 374,289 TL fixed
fee payment, which is 3% more than the government expenses in the current system.
In this scenario, the average waiting times at the public hospitals are significantly
decreased, however, the government expenses need to increase due to the high
amount of the fixed fee payments required for this contract to be acceptable.
Scenario 5.4: 36% decrease in prices in return for a fixed fee payment

If the private hospitals decrease their prices by 36%, combined with the
14% subsidy payment of the government, the patients now need to pay 55% of the
initial cost since (1-0.36)(1-0.14)=0.55, similar to the case in Scenario 2.4. In this
case, the profits of the private hospitals are seen to decrease by 828,794 TL and
this amount is paid as the fixed fee by the government. The government expenses
increase to 5,226,943 TL after making the fixed fee payment, which is 9.6% more
than the government expenses in the current system. The average waiting times at
the public and private hospitals turn out to be 3.18 and 5.72 minutes, respectively.
Scenario 5-opt: The decrease in price in return for a fixed fee payment
is determined to maximize U

We find that the maximum value of U is obtained when the private
hospitals decrease their prices by 28% in return for a fixed fee payment at the
amount of 429,755 TL. In this setting, the private hospitals obtain the same amount
of profit as they obtain in the current system. As a result, the value of U becomes
0.322, and the average waiting times at the public and private hospitals are 4.34

and 4.00 minutes. The government expenses are seen to increase by 3.8% compared
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to the current system.

3.4.6. A general comparison of scenarios

As a result of our numerical experiments, we observe that increasing the
capacity of the public hospitals help in significantly decreasing the waiting times
at the public hospitals, however increasing the capacities are generally not feasible
due to a limited amount of resources. In addition, increasing the capacities require
significant increases in public spending which are generally not acceptable by the
governments due to budget constraints.

When we consider the strategies affecting the payment structures at the
private hospitals, we observe that as more subsidy payments are offered by the
government, significant decreases can be obtained in the waiting times at the pub-
lic hospitals. However, these strategies also require significant increases in public
spending values. To overcome this issue, we propose differentiated pricing strate-
gies that will lead to similar decreased waiting times without the additional public
spending amounts. We observe that differentiated pricing can benefit the system as
a whole. Finally, when we consider the linear two-part tariff contract, we observe
that significant improvements can be obtained compared to the current system.
We observe that fourth group of scenarios give the best results with Scenario 4-opt
providing the highest value of U = 0.333. After the fourth group of scenarios, Sce-
nario 5-opt gives the next best value of U = 0.322. Then Scenario 3-opt provides
U = 0.311, Scenario 1-1 provides U = 0.295 and Scenario 2-opt provides U = 0.254.

3.4.7. Sensitivity analysis

Note that the simulation results provided above are obtained for the
emergency departments in Eskisehir region using real life data, however we believe
that similar structures exist in most of the healthcare systems in which public and
private hospitals coexist. Even though the data and the parameters related to
these systems might be different from each other and thus values of the obtained
results and benefits might differ, we believe that similar benefits can be obtained
through the use of proposed scenarios in different healthcare settings. In order to

analyze the effects of changing parameter values on the system results, we provide
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a sensitivity analysis on various parameter values, namely on different values of g,
Qo, 1, (o, Cq (average cost of green zone examination at public hospitals) and b,
(price sensitivity of patients for going to private hospitals). We present the best
utility levels obtained in each group of scenarios for varying parameter values in
Table 3.9..

Recall that the initial values used for the analyzed parameters are ¢; =
0.6, ¢o = 0.9, ay = 0.01, ay = 0.006, ¢y = 19.57 and b, = 0.5 (slope of the line in
Figure 3.4.). The first row of Table 3.9. summarizes the results for these base
case parameters. In the following rows, the first column denotes the new value of
the parameter that has been changed from its initial value, while all others remain
the same. Note that as q4, ¢, or b, decrease, or ay, as or ¢4 increase, lower utility
values are obtained, however, in all cases we observe that the proposed scenarios
still provide similar and significant improvements in the system results. The quality
levels at the public hospitals seem to affect the results more than the quality levels at
the private ones. Thus, an investment that increases the quality levels at the public
hospitals might have a significant effect on the utility level of the society. If the
government spending have a lower weight in the utility function, in other words, if
the government focuses more on patient satisfaction rather than the money spent, it
is observed that significant improvements can be obtained in social utility. Finally,
when the slope of the function given in Figure 3.4. is decreased, meaning that
the patients are less sensitive to price, we observe that the benefits of the proposed
mechanisms decrease. When b, = 0.25, observe that S-1-opt provides the maximum
utility, denoting that increasing the capacity has higher benefits than the pricing
mechanisms. The main reason for this result is that if the patients are less sensitive
to price, more subsidies need to be given in order to direct the patients from public to
private hospitals, leading to much higher government spending. The same amount
of subsidies given in the initial results will now lead less patients to move to private
hospitals, leading to decreased utilities. Note that people may prefer the public
system for long care treatments (chronic diseases) due to the smaller long-term
cost while preferring the private system for emergency care, which is a one-time
event. For other health services like long-care treatments, the price sensitivities of

the patients might be lower and much higher discounts might need to be made in

42



order for them to select the private hospitals. In such cases, as observed in Table
3.9., the improvements obtained through the proposed mechanisms might be lower
than the results obtained for the emergency departments. However, in either case,
we observe that some improvement is still possible and a better system can still be

obtained through the proposed mechanisms.

Table 3.9.Sensitivity analysis according to different values of the parameters

Cu | S-1-opt | S-2-opt | S-3-opt | S-4-opt | S-5-opt

Base case | 0.198 | 0.295 0.254 0.311 0.333 0.322

qga=0.5 |0.118 | 0.215 0.180 0.244 0.264 0.254

qa=0.7 |0.279 | 0.375 0.328 0.382 0.403 0.390

¢ =0.8 |0.179 | 0.275 0.228 0.282 0.303 0.290

o =1 0.218 | 0.315 0.280 0.344 0.364 0.354

ap = 0.005 | 0.271 | 0.310 0.288 0.334 0.355 0.343

a; =0.02 | 0.054 | 0.267 0.200 0.271 0.291 0.281

ap = 0.005 | 0.251 | 0.351 0.315 0.369 0.386 0.377

as = 0.007 | 0.146 | 0.239 0.193 0.256 0.280 0.267

cg =10 10.209 | 0.305 0.263 0.322 0.337 0.330

cg =30 ]0.183 | 0.274 0.234 0.296 0.325 0.304

b, =0.25 | 0.198 | 0.295 0.224 0.290 0.294 0.256

b, =0.75 | 0.198 | 0.295 0.273 0.322 0.354 0.363
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4. PRICING MODELS FOR A SYSTEM INCLUDING ONE PRI-
VATE AND ONE PUBLIC HOSPITAL

In this chapter, the system discussed in Chapter 3, is analyzed analyt-
ically. We noted that, in public hospitals of the system, waiting times are high
while, the perceived quality of service and payments are low. In private hospitals,
the payments are high, the waiting times are low and the perceived quality are high.
Although most of the patients in the current state prefer public hospitals, based on
the results of the surveys it has been determined that the majority of them prefer
private hospitals if they pay less for their treatment. Choosing private hospitals
by the patients, the level of quality they perceived increases, while expenses of the
government decrease. As the public policies, possible contract mechanisms and
their effects on the strategic patients’ choices, satisfaction level, public expenditure
and social utility are explored to find a more beneficial healthcare system. For this
aim, the interaction between the private and public hospitals’ of a city in Turkey
are modeled, considering parameters as the arrival rates and numbers of patients,
service times, waiting periods in queues, quality of services, pricing policies based
on the contract between the government and private hospitals, patients and govern-
ment payments. For analyzing new policies, analytical models are designed based
on the fact that in a particular region, strategic patients make their choice between
a public hospital and a private hospital in their vicinity. Thus, as a new approach,
all hospitals in the city are unified under one public and one private hospital, which
not only represents the real system properly but also it provides a basis for the
multi-hospital models. The effects of different contract mechanisms are analytically

analyzed based on the defined social utility concept.

4.1. Description of the System

In the system, where all hospitals of a region are unified under one pub-
lic and one private hospital, the patients arrive with a rate equal to A and make a
decision to choose one of the hospitals. As seen in Figure 4.1., if a patient goes to

a private hospital, he pays b, while if he selects the public hospital his payment is b,.
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In this case, his perceived quality level and the average waiting time in the private
hospital are ¢, and w, while in the public hospital they are ¢; and wy. We define
the utility that a patient achieves in the public and private hospitals as i—‘; — kb?
and i—i — kb2 respectively. It is clear that a patient chooses the private hospital if

it provides a higher utility for him, which is expressed in Equation 4.1.

Probability of selecting the private hospital = p,
Patients' arrival to the region

Utility of a patient who
e AU LU U chooses the private hospital = Lo —kb,
WD
—
Arrival rate = A
Utility of a patient who
Public Hospital chooses the public hospital = f]—d —kbf;

d

Probability of selecting the public hospital = p,

Figure 4.1.A strategic patients chooses one of the hospitals based on the utility he gets.

Go 2 qd 2
— — kb2 > — — kb 4.1
w, o = Wy d ( )

k is the price sensitivity of a patient, which is distributed between 0 and
k. If the value of k is low for a patient, the quality is more important than the price
for him. Also, we assume that as seen in Figure Figure 4.2., there is an inverse
relationship between k£ and the income level of patients. The patient chooses the

private hospital if k£ is as in Equation 4.2.

klk

Lnin Lnax

Figure 4.2.The relationship between k and the income level of patients
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Yo __ 49d
< fe Md (4.2)
b2 — b2
Do, the probability of choosing the private hospital by a patient can be
written as in Equation 4.3, where F},(x) denotes the cumulative probability function

of k.

40 _ 44
Po = Fy(Le—2) (4.3)
B2 — b2

The average waiting times in the hospitals are expressed based on the
M / M / 1 queuing system with the service rates of p, and py in the private and
public hospital, as in Equations 4.4 and 4.5.

Wy = —————— (4.4)

Wy =

_— 4.5
Maftd — APd (4:5)

Using Equations 4.4 and 4.5, Equation 4.3 can be rewritten more clearly

as in Equation 4.6.

QO<mo,uo - Apo) _ Qd<md,ud - )‘(1 - po))
T )

We assume that k is uniformly distributed between 0 and k. Then,

po:Fk(

(4.6)

Equation 4.6 can be written as in Equation 4.7.

. do(Motio—APo) —qa(Maptda—A+Apo)
L if “I—02)k > 1
— 9o (Motto—APo) —qd(Matta—A+Apo) : 9o (Mofto—APo) —qd(Mmatta—A+Apo)
= L if 0< - <1
Po (bZ—b2)k . if 0= (bZ—b2)F =
; 9o(Motto—APo) —qa(Maptd—A+Apo)
0, if -2 <0

(4.7)

From Equation 4.7, p, can be calculated as in Equation 4.8.
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- Qd(/\*md#d)Jqumo,U«o
1, i Nt > L
— qa(A=mapig)+gomopio : aaA=mapg)+gomotio
Po Naorakoa 0 0= ey =1 (4.8)
o Qd(A_mdﬂd)J’_qomoHo
0, i Nt ire—sn. <0

It is clear that the probability of choosing the public hospital by a pa-

tient is as in Equation 4.9.

pa=1-—po (4.9)
U, is the expected utility received by all patients that choose the private
or the public hospital.

U, = /Al(@ — k) f(k)dk + /k(ﬂ — kb2) f(k)dk (4.10)

=0 Wy Ay Wq
k is uniformly distributed between 0 and k, then f(k) = +. Ay, which is
the critical value of k for choosing the private hospital, is calculated as in Equation

4.11.

Al = kpo (411)
Po Pa
[ — : )
— !

Figure 4.3.A; is the critical values of k for the patients to select the hospitals.

After evaluating the integrals, Equation 4.10 is written as in Equation

4.12.

+ ~Lpg (4.12)
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According to Equation 4.13, H, consists of the total amount paid by the

government as subsidy for the patients and the total cost of the capacity.

Hd = )\pd(cd - bd) + )\pOS + k‘dm?l (413)

The social utility, defined in Equation 4.15 is defined as in Equation

4.13. ;1 and aq are the coefficients to adjust the value of U; and Us.

H
U, = Td (4.14)
U = OélUl — OéQUQ (415)

The profit function of the private hospital is defined as in Equation 4.16.

Zy = (1 — Co)poX — kom? (4.16)

4.2. Model NC: No Contract Between the Government and the Private

Hospital

In this model, which is summarized in Figure 4.4., it has been assumed
that there is no contract between the government and the private hospital. In this
case, only the patients that care about the quality of service prefer the private hos-
pital. So the decision of a strategic patient to choose this hospital is done according

to Equation 4.17.
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No contract between the government and the private hospital

Government

Public Hospital Private Hospital

Private hospital defines service
fee (r) to maximize its own
profit

Figure 4.4.Model NC

o pp2> 94 g2
Wy Wy

(4.17)

where r that is the service fee in the private hospital is paid totally by

the patients and the government does not pay any subsidies. In this model, if the

value of k for a patient is as in Equation 4.18, he chooses the private hospital.

4o aqd
k< Wo wq
2=

(4.18)

Similar to Equations 4.3 and 4.6, p, is as in Equations 4.19 and 4.20.

CIo(mo,U’O - Apo) - Qd(md,ud - Apd)
Do = Fk:( 2 _ b2 )
d

qd(>\ Mmaptd)+qoMofto
L if MNaotaa) +R(r2—02) 1
= { @A mapta)+gomopio qd (A—mapta) +Gomotto
b Nactati—sy 0 0 S BNmatrer—g) =1
Qd(>\ Maitd)+qoMolio
0 B Ty . <0

(4.19)

(4.20)

When k ~ UJ0,k], in the optimal solution, p, satisfies Equation 4.21.

49



)\—mdud)j‘(bmolj'o
(go+qa)+k(r? b3)

Because, if the value of qu( > 1, then p, = 1 and decreasing m,

slightly will not change the value of p, and it will still be equal to 1 while Z,, .,
which is the objective function of this model, will increase. Thus, such a solution

: i : qa(A—=matta)+qoMolo —
can not be optimal. Similarly, if the value of Mot ad) (28 < 0, then p, = 0
and Z,

Qd()\_mdﬂd)""‘bmolio _
oNe AMgo+aa)+k(r2b3) 0. Thus,

will always be satisfied in the optimal solution.

= (. The same value can be obtained when

Do = Qd(/\*mdﬂd)jrqomoy«o
° Mqo+qa)+k(r2b3)

p, = WA= Matta) + domotte
" Mo+ qa) + k(r? = b)

In this model, since the government does not pay any subsidy to the

(4.21)

patient going to the private hospital, H; is as in Equation 4.22.

H; = )\pd(cd — bd) + k:dmfl (4.22)

Similar to Equation 4.10, U; is as in Equation 4.23.

k

Ap
M:/(&—MWWW%/QE—WﬁW%
k=0 Wo ) i A, Wq (4'23>
Qo 2]{?_1’3 L k(p; —1) 9d

Also, Uy and U are as in Equations 4.14 and 4.15. The model, in which

r is a decision variable is defined as in Equation 4.24.

Max, Zgye = Apo(r — o) — kom? (4.24)
s.t.

Po =< 1 (4.25)

Po = 0 (4.26)

Ao < Moo (4.27)

AL =po) < mapq (4.28)

r >0 (4.29)

20



Solution method

As a solution method, we design an algorithm that searches on different

prices to maximize the profit.

4.3. Model SC: Contract Mechanism Based on Subsidy Payments

In this model, which is summarized in Figure 4.5., it is assumed that
there is a contract mechanism based on the fixed prices between the private hos-
pital and the government. In this case, according to Equation 4.30,  is the sum
of subsidy that the government pays for each patient of this hospital (s), and the
payment of each patient (b,).

r=s+b, (4.30)

Contract mechanism based on subsidy payment

- Government proposes a contract to private hospital, in which service fee
(r) and a fixed subsidy amount (s) for each patient who goes to the private
hospital are defined.

- The objective of the government is to maximize the social benefit (U).

l

- The private hospital accepts the contract if its profit is at least as
Public Hospital Private Hospital much as in Model NC.

Figure 4.5.Model SC

The decision of a strategic patient is made through Equation 4.1 and
the value of £ is as in Equation 4.2 to choose the private hospital. In this case, p,,
Uy, Hy, Uy and U are as in Equations 4.6, 4.10, 4.13, 4.14 and 4.15 respectively.
The profit of the private hospital, which is given Equation 4.16, should be at least
as much as Z,,,, in which there is no contract with the government. Otherwise, it
is not reasonable to make a contract for the private hospital. This model, in which

s and r are the decision variables is defined as in Equation 4.31.
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Mazx, ; U (4.31)
s.t.

Z

osc

> 7

ONC

Constraints 4.25 — 4.29

As a solution method, we design an algorithm that searches on different

prices and subsidies to maximize the social utility.

4.4. Model DP-2p: Contract mechanism based on differentiated pay-

ments by patients in the private hospital

We suppose that based on the Model DP-2p, which is summarized in
Figure 4.6., the payments of the patients in the private hospital are made accord-
ing to 2 different prices. In this case, in the private hospital if the income level of a
patient is above a certain amount he pays b,, and the rest pay b,,. Like the other
models, patients in the public hospital pay by. Decision of a strategic patient to

select the private hospital is made according to Equation 4.32.

do 2 dd 2
— — kb2 > — —kb 4.32
W, 27T wy d (4.32)

Contract mechanism based on differentiated payments by patients
in the private hospital

- Government proposes a contract to private hospital, in which
examination fee (r) and also a differentiated subsidy (s;) for each
patient who goes to the private hospital are defined based on the
patients' income level

- The objective of the government is to maximize the social benefit

.
- The private hospital accepts the contract if its profit is at
Public Hospital Private Hospital least as much as in Model NC.

Figure 4.6.Model DP

Similar to Model SC, we assume that there is an inverse linear relation-

ship between the income level of a patient and the value of k. If the income level of
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a patient is high, the value of £ is low and vice versa. To select the private hospital,

the value of k for the patient is as in Equation 4.33.

4o _ 44
o< Mo e (4.33)
b3, — b

So, p, is as in Equation 4.34.

qa(A — Mmapta) + goMofto
, = F 4.34
L P 43
In a similar way, the decision of a patient who pays b,, in the private

hospital is made according to Equation 4.35 and the value of k is as in Equation 4.36.

Ay

4.35
v, - (4.35)
9o __ 4d
foo << Lo Wd 4.36
=t 0 (430

Therefore, the probability of choosing the private hospital by these pa-
tients is as in Equation 4.37.

qa(A — mapta) + GomMofto
o, = F] 4.37
P = N a8, 87 30
Hereby, p,, which corresponds to the patients who pay b,, is equal to

pO _pol-

In this model, U; is as in Equation 4.38. U, and the social utility are as
in Equations 4.14 and 4.15.

Po, Po, pdk
fA—){_Aﬁl Y
| L L !
0 Ay A, k

Po

Figure 4.7.The probability of choosing the hospital by the patients in Model DP-2p

23



As seen in Figure 4.7., in Model DP-2p, the probability of choosing
the private hospital by the patients is equal to p,,. In private hospitals, patients’
payments are according to a dual price based on their income level. The government
pays a subsidy equal to s; to the patients whose income levels are above a certain
threshold. In the figure, the probability of these patients to choose the private
hospital is indicated by p,,. For these patients, the value of k is between 0 and
Aj. The government pays a subsidy equal to s; for the other patients going to the
private hospital.

Az k

Ulz/OAl(&_kbgl)f(k)dm/ (2—kb§2)f(k)dk+/ (S —kb3) f (k)dk (4.38)

W, Ay Wy Ao Wy

where, A; = kp,, and Ay = kp, because k ~ U|0, k].

Calculating the integrals of Equation 4.38, it can be written as in Equa-

tion 4.39.

% o k(05 —1pa)® | k(P2 —1) g
- - e — Wo = Por) — b b -
wop o1 2 wo (p p 1) 02 2 + d 2 + wdpd

(4.39)

Owing to that the government gives two kinds of subsidies for the pa-

tients of the private hospital, Hy is as in Equation 4.40.

Hy = A\pa(cq — bq) + A\po, S1 + ADoyS2 + k:dmz (4.40)
Max, s o, U (4.41)
s.t.
ZODP > ZONC

Constraints 4.25 — 4.29
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Model DP-np

There are similar cases in Model DP-np, but the payments in the private

hospital are made based on n prices. In this state, U; is calculated as in Equation
4.42.

A Az
U, = /0 (i—z — kB2) f (k)dk +/ (Lo g2y f(k)dk + ..

A1 wO
A , (4.42)
[ rwan (2w fan
An—l wo An wd
As seen in Figure 4.8., in this model, the payment of patients in the

private hospital is done according to n price because the government pays in differ-

ent subsidies based on the patients’ income level. The thresholds of the &k values of
these patients are shown as A,.

| -

Figure 4.8.The probability of choosing the hospitals by the patients in Model DP-np

In Model DP-np, H; is as in Equation 4.43.

Hy = Apa(cg — ba) + APo, 1 + APoyS2 + - + APo, Sn + kam3 (4.43)
The objective function of Model DP-np is as in Equation 4.44.
Maz, s ... U (4.44)

As a solution method, we design an algorithm that searches on different

prices and subsidies to maximize the social utility.
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4.5. Model LTC: The Linear Two Part Tariff Contract Mechanism

In this model, which is summarized in Figure 4.9., it is assumed that
the private hospital receives a financial incentive from the government if it makes
a discount for r. The strategic patient makes a decision according to Equation 4.1
and therefore the value of k for choosing the private hospital and p, are as in Equa-
tions 4.2 and 4.3. As it is in Equation 4.45, the financial incentive (7'), is added to

the public expenses and subtracted from the social utility.

Hd = )\pd(cd — bd) -+ )\pos + T (445)

The linear two part tariff contract mechanism

- Government proposes a contract to private hospital, in which service fee
(r) and a fixed subsidy amount for each patient who goes to the private
hospital (s) and a financial incentive (7) for the private hospital are
defined.

- The objective of the government is to maximize the social benefit (U).

|

- The private hospital accepts the contract if its profit is at least as
Public Hospital Private Hospital much as in Model NC.

Figure 4.9.Model LTC

Also, T, is added to the profit of the private hospital.

Z

oLTC

= (r_co)A\po — kom2 +T (4.46)

The model is as in Equation 4.47, where b,, » and T' are the decision

variables. In this model, U, U; and U, are as in Equations 4.15, 4.10 and 4.14.
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Maz, 7 U (4.47)

Z

oLTC

> 7

ONC

Constraints 4.25 — 4.29

As a solution method, we design an algorithm that searches on different

prices, subsidies and financial incentives to maximize the social utility.

4.6. Experimental Results Based on a Case Study from Turkey

Models of this chapter are designed to analyze the emergency services
of private and public hospitals of a region. The parameters are taken from a real
system in a city in Turkey. Where there are three private and three public hospitals
in the city. Assuming that there are one private and one public hospitals in the
models, the patients’ choices between these hospitals and the effects of different
contracting mechanisms on this selection and therefore on the social utility are an-

alyzed. The used parameters are summarized in Table 4.1..

Table 4.1. Values of base case parameters

A Co Cd ko kd Qo qd to td bd me | My k aq (8%

70000 | 20 | 10 | 50000 | 10000 [ 0.7 {05 | 8 | 3 | 5|35 5 | 1]0.005 | 1

The obtained results are summarized in Table 4.2. and Figure 4.10..
As seen, Model DP has the best value of the social utility, while its worst value is

in Model NC. Also, the private hospital gains the highest profit, in Model DP.
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Table 4.2.Results obtained by the models with the base case parameters

r S Po Wo Wq Hd Ul U2 U T
Model NC 310 0 0.068 0.05 | 0.11 | 576229.35 | 3586.14 | 8.23 | 9.70
Model SC 208 27 0.105 0.06 | 0.08 | 761340.12 | 4833.98 | 10.88 | 13.29

s1=0 | po =0.110
Model DP-2p | 165 0.076 | 0.062 | 712868.28 | 5674.52 | 10.18 | 18.19
59 =88 | po, = 0.026
51 =0 | p, =0.112
Model DP-3p | 160 | so =52 | p,, = 0.016 | 0.079 | 0.060 | 705464.52 | 5784.09 | 10.08 | 18.84
s3 =106 | po, = 0.012
s1=0 | p, =0.112
S9 =37 | po, = 0.012
Model DP-4p | 158 0.081 | 0.060 | 703034.98 | 58298.5 | 10.04 | 19.11
$3 =175 | po, = 0.011

sq= 117 | p,, = 0.008

= Do, = 0.113
83 =29 | p,, = 0.009
Model DP-5p | 157 | s3 =58 | p,, = 0.008 | 0.082 | 0.060 | 700501.64 | 5851.61 | 10.00 | 19.25
54 =89 | po, = 0.008
s5 =124 | p,, = 0.006
Model LTC | 200 22 0.106 0.06 | 0.08 | 772182.92 | 4865.46 | 11.03 | 13.30 | 46350.09

In Models SC, DP-2p and LTC, 32.9%, 46.74%, and 35.48% discounts
are made on the examination price in the private hospital, according to Model
NC. Hence, in these models, the number of patients choosing the private hospital
increases by 54.41%, 100%, and 55.88%. As a result, the average waiting time of all
patients decreases. Also, owing to that more people are treated in private hospitals,
the quality level that they receive increases by 34.79%, 58.23% and 34.80% in Models
SC, DP-2p and LTC, respectively. In these models, the average expenditure of the
government increases and also the social utility increases by 37%, 87.5%, and 37%.
Although in Model LTC the profit of the private hospital is the same as Model
NC, in Models SC and DP-2p, the profit of private hospital increases by 26.88 TL
and 2047.26 TL. In Model DP, the government spends the least amount, while the

private hospital and also the social utility are the highest.
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Figure 4.10.The values of social utility in the models

In Models SC, DP-2p and LTC, the expenses of the government are more
than Model NC. However, in real life, there are generally several constraints on the
budget. Therefore, the results are also analyzed by adding a constraint as Hy < € to
the models. For the upper limit of H,, the values between 600,000 TL and 780,000
TL are used, which are the amounts close to the values in Models 1 and 4. As seen

in Table 4.3., it is usually possible to achieve better U by raising the budget.

Table 4.3.0btained U when there is a constraint to increase Hy (x10,000)

U
If Ho <60 | If Hy <63 | If Hy <66 | If Hy <69 | If Hy <72 | If Hy <75 | If Hy <78

Model SC 11.82 12.41 12.83 13.08 13.21 13.27 13.29
Model DP-2p | 16.89 17.63 18.00 18.17

Model DP-3p |  17.42 18.26 18.65 18.82

Model DP-4p | 17.71 18.51 18.91 19.09

Model DP-5p |  17.88 18.70 19.09 19.23

Model LTC 11.83 12.49 12.87 13.09 13.22 13.28 13.30

The used parameters affect the results, so the sensitivity analysis is done
according to the different values of the parameters and the results are summarized
in Table 4.4.. When A\ = 75000, in all models the price of the examination in
the private hospital increases. More patients choose the private hospital. In this

case, although the profit of the private hospital increases, the social utility falls. As
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the amount of subsidies increase in Models NC, DP-2p and LTC expenses of the
government also increase. If A = 65000, in all models, patients pay less in the private
hospital, but fewer people choose this hospital, so the profit of private hospital
decreases. If the cost of care for each patient in the private hospital increases, the
private hospital earns less profit. If the cost of care for each patient in the public
hospital rises, the social utility decreases as the government spends more money.
Decreases in these costs also cause to the opposite of these effects. If the cost of
capacity increases in the private hospital, profit decreases but the social utility does
not change. The increase in the capacity cost in the public hospital negatively
affects the social utility. An increase in the perceived quality level in the private
hospital has a positive effect on both the private hospital’s profits and the social
utility. When the level of perceived quality in the public hospital increases, the
social utility improves, and the private hospital’s profit reduces. The increase in
the average examination time in both of the private and public hospitals reduces
social utility and also the profit of private hospital. A slight increase in the payment
of patients to the public hospital improves the social utility. If the price sensitivity
of patients increases, fewer patients choose this hospital even with fewer prices,

which decreases social utility and also the profit of private hospital.
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Table 4.4.Results obtained by the models according to different parameters

Model NC | Model SC | Model DP-2p | Model DP-3p | Model DP-4p | Model DP-5p | Model LTC

A = 75000 0.29 4.73 10.40 12.72 12.92 13.02 4.74
A = 65000 19.05 21.87 25.95 26.51 26.73 26.85 21.88
Co =25 9.45 13.10 18.04 18.57 18.85 19.00 13.11
co =15 9.91 13.47 18.34 19.10 19.35 19.49 13.48
cg=15 5.04 8.82 13.87 14.55 14.82 14.97 8.83
Ca =5 14.36 17.77 22.51 23.14 23.39 23.53 17.77
kq = 15000 7.91 11.51 16.40 17.06 17.32 17.47 11.51
kq = 5000 11.48 15.08 19.97 20.63 20.89 21.04 15.08
o =0.8 10.79 14.46 19.50 20.94 21.15 21.27 14.46
o = 0.6 8.46 11.94 16.62 16.30 16.63 22.31 11.95
qqa = 0.6 11.64 16.06 21.49 21.81 22.14 22.67 16.06
qq =04 7.49 10.24 14.43 15.35 15.54 15.65 10.24
to=9 7.98 11.16 15.61 16.21 16.45 16.59 11.17
i, = T 11.96 16.07 21.50 23.29 23.50 23.62 16.07
tg=4 -6.31 -6.47 -6.02 -5.77 -5.66 -5.60 -6.31
by = 10 14.18 17.59 22.35 22.97 23.23 23.37 17.60
ba =0 5.06 8.87 13.93 14.60 14.88 15.02 8.88
k=5 8.32 15.14 19.08 19.62 19.80 19.89 15.17
a; = 0.006 13.29 18.24 23.90 24.65 24.95 25.11 18.24
a; = 0.004 6.11 8.52 12.57 13.09 13.31 13.43 8.53

As seen in Table 4.4. with different parameters, from Model NC to

Model DP, the social utility and the profit of the private hospital increase.
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5. MODELS FOR PRICING AND CAPACITY DECISIONS FOR A
SYSTEM INCLUDING ONE PRIVATE AND ONE PUBLIC HOSPI-
TAL

In this chapter, capacity and pricing models for the system mentioned
in the previous chapters are proposed. As in Chapter 4, hospitals in the region
are unified under one private and one public hospital. We propose bilevel solution
approaches based on the models of subsidy payment by the government based on
a committee, the contract mechanisms proposed by the government based on the
subsidy payments and also based on fixed financial payments made by the govern-
ment in addition to subsidy payments. In the models, the government is a leader,
while the private hospital is a follower, as in the Stackelberg models. We present

our results with a detailed sensitivity analysis about the parameters.

5.1. Description of the System

We consider a healthcare system consisting of one public and one private
hospital, where the strategic patients choose one of these hospitals that has a higher
utility for themselves considering the payments, the expected waiting times and the
service quality they are going to receive. As seen in Figure 4.1., we define the
utility of a patient going to the public hospital as Z)_i — kb3, where qg denotes
the service quality level, w; denotes the expected waiting time and b4 denotes the
payment that the patient needs to make at the public hospital. k£ denotes the price
sensitivity of the patient, which is assumed to have a certain distribution among
the whole population. Also, as seen in Figure 4.2., it is supposed that there is an
inverse relationship between £k and the income level of patients. On the other hand,
when a patient chooses to go to a private hospital, her utility is defined as 3)—"0 — kb2,
where ¢, denotes the service quality level, w, denotes the expected waiting time and
b, > by denotes the payment that the patient needs to make at the private hospital.
Then, the patient chooses to go to the hospitals that will provide her the higher
utility. In other words, a patient prefers to go the private hospital if Equation 5.1

is satisfied, and she prefers to go to the public hospital, otherwise.
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qo 2 qd 2
— —kb:> — — kb 5.1
w, O_wd d ( )

Based on Equation 5.1, we can state that a patient prefers to go to the
private hospital if her price sensitivity, k, satisfies Equation 5.2.
e
k< rb?: (5.2)
We let Fj(z) denote the cumulative probability function for the price
sensitivities, k, of the patients in the population. Thus, the probability of a patient

going to the private hospital, denoted as p,, can be written as the solution of the

Equation 5.3. Also, the percentage of the population going to the public hospitals

is pg =1 — p,.
Yo __ 9d
o = Fp( e 5.3

We let A denote the total arrival rate of the patients per unit time and
assume that the patient arrivals follow an exponential distribution. Thus, the arrival
rate of patients to the private and public hospitals are both exponentially distributed
with rates Ap, and Apg, respectively. The service rates at these hospitals are also
assumed to be exponentially distributed with rates m,u, and mgyug at the private
and public hospitals, respectively. In order to estimate the expected waiting times
at these hospitals, we use the results of M/M/1 queuing model. Thus, the expected
waiting times at the private and public hospitals are defined as in Equations 4.4
and 4.5, respectively.

Then, combining Equation 5.3 with Equations 4.4 and 4.5, we obtain
the value of p, as the solution of the Equation 5.4.

QO(mo,uo - )\po) - Qd(md,ud —A + )\po)
e )

We assume in our models that the capacity of the private hospital, m,, is

po:Fk(

(5.4)

a decision variable decided by the private hospital owners in order to maximize their
own profit function. However, the capacity of the public hospitals, mg, is assumed
to be fixed and given since public healthcare capacities are generally fixed in many

countries in the short term and providing additional capacity is generally difficult
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due to public budget limitations and bureaucratic reasons. In addition, providing
new public facilities, public hospitals etc. requires long term governmental decisions
and increased budgets. On the other hand, private hospital capacities are easier
to change through private financing options, if they provide an additional profit.
Thus, we assume that the value of my is fixed in our models, while m, is a decision
of the private healthcare providers.

In our model, N, and N4, denote the total service quality obtained by
the whole population in the healthcare system and they are defined as in Equations

5.5 and 5.6, where A\ denotes the total number of patients.

No = Apo‘]o (55)

Ng = Apaqa (5.6)

The public expenses of the government, denoted as H,, consist of the
cost of capacity in the public hospitals, the costs of the patients going to the public
hospitals and the subsidy payments made to the private hospitals, as stated in

Equation 5.7.

Hd = )\pd(cd — bd) + )\pos + kdm?l (57)

In our models, the government aims to maximize the total service quality
obtained in the system, thus, we try to increase the value of Uy, where U; represents

the average service quality obtained in the system per patient.

1, N, N,
1N, Na

Ur= )\(wo Wy

(5.8)

However, in many healthcare systems, the government has a certain
budget for healthcare operations and the government does not want to spend too
much for these operations. Thus, we also aim to decrease the government spending
for healthcare operations. Thus we denote U, as the average payment made by the
government per patient and we aim to decrease U, in our models.

U, and U, are two conflicting objectives in our model. In order to in-
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crease the service quality obtained by the population in this system, the government
spending also need to be increased. In order to combine these two conflicting ob-
jectives, we employ a weighted summation of U; and U; and aim to maximize the
value of U that denotes the total public utility as in Equation 5.9, where a denotes

the relative weight of U; with respect to Us.

U= OéUl — U2 (59)

As an alternative approach, instead of combining U; and U, in order to
maximize U, we consider the possible budget constraints in the system and try to
maximize U; under the constraint H; < €. In our alternative approach, we aim
to determine the maximum service quality that can be obtained without spending
more than a certain limit. We analyze both models and present the numerical
results of our models in Section 5.6..

In this system, the profit function for the private hospital can be written
as in Equation 5.10, where ¢, denotes the cost of service per patient at the private

hospital and k,m? denotes the fixed cost of using capacity m,.

Zo = A\po(r — o) — kom? (5.10)

In the next sections, we first analyze the system in which there is no
contract between the government and the private hospitals. Then, we analyze
different contract mechanisms that can be offered by the government in order to

improve the system performance.

5.2. Model NC: No Contract Between the Government and the Private

Hospital

In our base case model, we assume that there are no contracts between
the government and the private hospital. In this model, which is summarized in
Figure 5.1., the private hospital aims to maximize its own profit by deciding on
his own price r, and the capacity level m,, and the government does not provide

any subsidy payment to the private hospital. Thus, in this model, s = 0 and b, = r.
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No contract between the government and the private hospital

Public Hospital Private Hospital

Private hospital defines service fee
(r) and capacity (m) to maximize its
own profit

Figure 5.1.Model NC

Then, the optimal values of m, and r are found through the solution of

the following optimization problem.

Max,m, Zoxe = Ao — Co) — kom? (5.11)
s.t.

by = Fk(%(moﬂo - )\po)r—Z gdézldﬂd — A+ )\Po)) (5.12)

d
po <1 (5.13)
po = 0 (5.14)
ADo < Mylto (5.15)
Ml =po) < mapa (5.16)
r >0 (5.17)
me > 0 (5.18)

In the above model, the objective function is composed of the profit per
patient multiplied with the number of patients minus the cost of capacity. The first
constraint denotes the percentage of patients going to the private hospitals and
Constraints 5.13 and 5.14 force this value to be between 0 and 1. Then, constraints
5.15 and 5.16 are required for the capacity of the private and public hospitals to be

enough to serve the arriving patients. If these two constraints are not satisfied, then
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the queue lengths will go to infinity at these hospitals. The last two constraints are

the nonnegativity constraints.

After determining the optimal r and m, values for the private hospital,
we calculate the total base case utility level of the society through Equation 4.15

with these parameters.

5.2.1. A Special case: Uniformly distributed price sensitivities

In this section, as a special case of our model, for the sake of simplic-
ity, we assume that the price sensitivity of the patients in the whole population is
uniformly distributed between 0 and k. Then, Equation 5.4 can be written as in

Equation 5.19.

moﬂo )\po qd\mdl, A+)‘p0
1, if * (22 ZZ()kd S P>
_ go(Mopio—Apo) —qa(matta—A+Apo) o (Mopo—Apo) —qa(matta—A+Apo)
po (b2 b2)k ) Zf O < (b2 b2)k S 1
o(Motto—Apo) —qa(matta—A+Apo)
0, of G <0

(5.19)
If Equation 5.19 is solved for p,, we can obtain a closed form solution

for p, as in Equation 5.20.

qd (A=mqpid)+gomotto
1, if A(go+qa)+k(b2-b7) > 1
— aa(A—mapa)+gomopo qd (A—mapa)+gomotio 5.20
Po AMgo+qa)+k(b2—b3) if 0= Ago+qq)+k(b2—b3) 1 (5.20)

Qd (A=mapd)+gomoto
0, if o+ a0 +ROZ—1) 0

Since the value of k is assumed to be uniformly distributed between 0
and k, we can write Constraint 5.12 clearer. First we provide the following lemma

about the value of p, when k ~ U|0, k].

Lemma 5.1. Even though p, was defined as in Equation 5.20 when k ~ U0, k], in
the optimal solution of this problem, it will satisfy the following equation.

_ qa(A — mdud)f QoMo fho
¢ Mo + qa) + k(r2 —b2)

(5.21)
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Proof. Note that the objective function of the private hospital is defined as Z,; =

(A_mdl‘d)""(IomoNO

(@oraa) +h(2—t2) = 1, then p, = 1 and decreasing

ADo(7 = Co) — kom?. If the value of 4
m, slightly will not change the value of p, and it will still be equal to 1 while Z,,
will increase. Thus, such a solution can not be optimal. Similarly, if the value of

2aA=matta) +qomotto - () thep Po = 0 and Z,

Mdotda)+R(r2—b2) = 0. The same value can be obtained

NC

when GERIEH e — 0. Thus, p, = 0" et will always be satisfied in
the optimal solution O

As a result of Lemma 5.1, Constraint 5.12 in Model 5.4. can be written

more clearly as below.
p, = B~ Matta) + Gommolo
© MNqo + qa) + K(r2 — 03)

Solution method

As a solution method, we design an algorithm that searches on different

prices and capacities to maximize the profit.

5.3. Model SP-GL: Subsidy Payment by the Government as a Leader

In this model, which is summarized in Figure 5.2., we assume that the
government determines the amount of subsidy for each patient going to the private
hospital, indicated as s. Thus, the payment of each patient in the private hospital

is equal to b, = r — s.

Subsidy paymentby the governmentas a leader

- As a Stackelberg model, the government is leader while the private
hospitalis a follower.

Upper level
- Government determines the subsidy (s) to be paid for the patients going

to the private hospital.
- The objective of the government is to maximize the social benefit (U).
Lower level
- Private hospital defines the service fee and its capacity.
- Private hospital tries to maximize its own profit (z).
Public Hospital Private Hospital

Figure 5.2.Model SP-GL
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In this model, the private hospital defines the price of service, r, and its
own capacity, m,. The model is defined as a bilevel optimization problem, where in
the first level, the government defines s to maximize the social utility, U, while in
the second level, the private hospital decides on the price of service and its capacity
level. To solve the problem, at first, the second stage of the problem is solved, which
is stated in Equation 5.23. In this level, the private hospital decides on r and m,
for the given s. We state the second stage problem as below:

Maz, m, Zogp_ g = A\Po(T — o) — kom? (5.22)

o

s.t.

Go(Mofto — ADo) — qa(mapta — A + )\Po))
(r—s)?— b2

Po <1

po:Fk(

/\(1 - pO) < mqplq

In the first level, the government determines the optimal s to maximize
the social utility. The values of r and m, are obtained from the solution of the

second stage problem. Thus, the first stage problem is stated as below:

Max, U = aU, — U, (5.23)
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U, =

Uy =

Po =

=
I

IA

Po

v

Po

IA

APo
A1 = po)

rand m,

IN

Solution method

s.t.

1 N, Ny
X(Wo + Wd)

Hy

A

QO(mOH’O - Apo) - Qd(mdﬂd - A + )\po)
Fi( 2 _ 12 )
(ros)®—b;

1

mo,uo - )\po
I

Mafld — APd
APoo
APaqd

Apalcq — bg) + Apos + kqm?
1

0

Moo

Mafld

are the outputs of Model 5.23

(5.24)
(5.25)
(5.26)

(5.27)

—~ —~ —~ —~ —~ —~ —~ —~ —~
¢ A A A A
w w w w w w [\
~— ~— ~— ~ ~— ~— ~— ~— ~~—

The solution method is summarized in Figure 5.3., where the gov-

ernment as a leader proposes the amount of subsidy, foreseeing the decision of the

private hospital. As a Stackelberg model, in the upper level, the government by

searching on the subsidy amount tries to maximize the social utility, while in the

lower level the private hospital by searching on capacity and service price objects

to maximize its own profit.
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1 Searchon s

2 foreach s do

3 Find Best r and m,, that maximize Z,
4 if constraints are not violated then

5 Calculate U(r. s, m,)

6 end

7 end

8 Find Best s that maximizes U

9 Find r and m, that correspond to Best s;

10 Calculate Z,;

=

Figure 5.3.Solution method for Model SP-GL

5.4. Model SC: Contract Mechanism Based on Subsidy Payments

In order to improve the healthcare system and provide a more balanced
supply and demand, the government may propose certain contracts to the private
hospitals. One of such contracts is based on subsidy payments made to the private
hospitals for each patient in return for a decrease in prices. In this model, which
is summarized in Figure 5.4., we assume that the government offers a contract
with parameters r and s where r denotes the price of service at the private hospital
per patient and s denotes the subsidy payment made by the government to the
private hospital for each patient. As a result of this contract, each patient pays an
effective amount equal to b, = r — s when she goes to the private hospital and the
government pays an amount equal to s resulting in a total payment of » made to

the hospital.
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Contract mechanism based on subsidy payment

- As a Stackelberg model, the government is leader while the private
hospitalis a follower.

Upper level
- Government proposes a contract to the private hospital, in which service
fee () and a fixed subsidy amount for each patient who goes to the private

hospital (s) are defined.
- The objective of the government is to maximize the social benefit (U).
Lower level
- Private hospital defines its capacity.
Public Hospital Private Hospital - Private hospital tries to maximize its own profit (z).

Figure 5.4.Model SC

We note that the private hospital is free to accept or reject this contract
based on its own profit function and if it rejects the contract, the system will be
operated as in Model NC, as explained above, in which there are no contracts
and the private hospital obtains a profit equal to Z,,.. However, if the private
hospital accepts the contract, then it decides on its own capacity m,. When the
government is proposing the contract parameters, he needs to make sure that the
private hospital makes a profit that is at least equal to Z,,, as a result of accepting
this contract. Otherwise, the contract will be rejected. Thus, we have a bilevel
optimization problem such that in the first level, the government needs to decide
on r and s in order to maximize the total utility, U, and in the second stage, the
private hospital decides whether to accept the contract and its capacity level.

In order to solve this problem, we first need to solve the second stage
problem in which the private hospital needs to decide on his capacity level m, for

the given contract parameters r and s.

We state the second stage problem as below:

Mazx,,, Z.

osc

= A\po(1 — ¢o) — kom? (5.37)

s.t.

QO(mo,U/o - >\po) - Qd(md,ud —A + )\po))
(r—s)* =03

Po <1

po:Fk(
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Do >0
ADo < Mty

)‘(1 - pO) < Mmgfiq

The above model is almost the same as in Model , except that r and s
are assumed to be given in the contract and we only aim to determine the value of
the capacity m,. Then, in the first stage problem, we need to determine the optimal
contract parameters r» and s that will maximize the total social utility. Note that
the value of m, in this model will be obtained from the solution of the second stage
problem. In addition, the contract needs to satisfy the constraint that the profit of
the private hospital as a result of this mechanism should be as least equal to the

profit of the private hospital without the contract.
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Thus, the first stage problem can be stated as below:

Ui
Us

Po

A1 = p,)

Z

osc

> 7

ONC

IN IV IA

IN

Mo

Maz, s U= alU; — U,

s.t.
1 N, Ny
X(Wo + Wd)
Hy
A
QO<m0/J“O - Apo) - Qd(mdﬂd —A + )\po)
Fi( 2 _ 12 )
(r-s)? — b
1
mo,uo - >\po
1
Mafld — APd
APoGo
APdqd

Apa(cq — ba) + A\pos + kgm3
1

0

Moo

Mafld

is the solution of Model 5.37

(5.38)

(5.39)
(5.40)
(5.41)

(5.42)
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In the above model, the objective function is composed of a weighted sum

of the average quality obtained per patient and the average government spending

per patient. The first eight constraints denote the expressions for Uy, Us, p,, W,

Wy, N,, Ny and H, as stated before. The constraints 5.47 and 5.48 require p, to be

between 0 and 1. The constraints 5.49 and 5.50 are required for the waiting times

at the private and public hospitals to be finite. The last two constraints are for the

solutions of the second stage problem. The constraint 5.51 denotes that the value

of m, will be determined as a solution of the second stage problem and constraint

5.52 is required for the voluntary acceptance of the contract by the private hospital.

The last constraint denotes that the profit of the private hospital as a result of this
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contract mechanism after the second stage decision should be at least equal to the
profit value without the contract, otherwise the private hospital will not accept this
contract.

We also note that, as an alternative approach, instead of maximizing U,
we consider the possible budget constraints in the system and try to maximize U
under the budget constraint Hy; < € in addition to the other constraints. Thus, we

also solve the following model.

Max, ; Uy (5.53)

s.t.

HdSE

Constraints 5.39 — 5.52

In order to solve these models, we employ an algorithm that does a two-
dimensional search over r and s and solve the second stage problem 5.37 using a
commercial solver, for each combination of r» and s. Then, we calculate the value
of the objective function of the first stage problem using the value of m, obtained
from the second stage model solution and pick the best combination of r and s
values that are feasible and provide the maximum objective value. We present the
numerical results of both models in Section 5.6..

Solution method

The solution method is summarized in Figure 5.5., where the govern-
ment as a leader proposes the service price and the amount of subsidy, foreseeing
the decision of the private hospital. As a Stackelberg model, in the upper level,
the government by searching on the service price and the subsidy amount tries to
maximize the social utility, while in the lower level the private hospital by searching

on capacity objects to maximize its own profit.
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Search on rand s

foreach r and s do

Find Best m,, that maximizes Z,

if Z, > Z,,. then
The private hospital accepts the contract;
if constraints are not violated then

Calculate U(r, s,m,)

end

end

B =

E=T--ES - Y

10 end

11 Find Best r and s that maximizes U;

12 Find m, that corresponds to Best r and s;
Calculate Z,;

—
(]

Figure 5.5.5olution method for Model SC

5.5. Model LTC: The Linear Two Part Tariff Contract Mechanism

In this model, which is summarized in Figure 5.6., we analyze a con-
tract mechanism that includes a fixed payment, T, in addition to the decisions
regarding r and s values. In this contract, the government makes a fixed payment
T, in expectation of a decrease in private hospital prices. The problem under this
contract is similar to the previous one and we model it as two stage problem as

before.

The linear two part tariff contract mechanism

- As a Stackelberg model, the government is leader while the private
hospitalis a follower.

Upper level

- Government proposes a contract to the private hospital, in which service
fee (r), a fixed subsidy amount for each patient who goes to the private
hospital (s) and a financial incentive for the private hospital (7) are
defined.

- The objective of the government is to maximize the social benefit (U).

Lower level
- Private hospital defines its capacity.
- Private hospital tries to maximize its own profit (z).

Public Hospital Private Hospital

Figure 5.6.Model LTC

In order to solve this problem, we first need to solve the second stage

problem in which the private hospital needs to decide on his capacity level m, for
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the given contract parameters r, s and 7. We state the second stage problem as
below:

Maz,,, Z, = Apo(r — o) — komZ + T (5.54)

orTc

s.t.

QO(mo,U/o - )‘po) - Qd(md,ud —A + )\po))
(r_s)? — b2

Po <1

po:Fk(

Do > 0
ADo < Mty
)‘(1 3 pO) < Mmgfig

Then, in the first stage problem, we determine the optimal contract parameters 7,
s and T that will maximize the total social utility. Again, the value of m, in this
model will be obtained from the solution of the second stage problem stated above.
In addition, the contract needs to satisfy the constraint that the profit of the private
hospital as a result of this mechanism should be as least equal to the profit of the

private hospital without the contract.
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Thus, the first stage problem can be stated as below:

Maz,s7 U= alU; — U, (5.55)
s.t.
U, = i(ng + %) (5.56)
U, - % (5.57)
v - F, (qo(mouo — MZZ)_—SQ;(T_H%%W — A+ Apo)) (5.58)
W, - ﬁ (5.59)
W, — m (5.60)
No = Apodo (5.61)
Ng = Apaqa (5.62)
Hy = Apa(ca—bg) + A\pos + kgm3 + T (5.63)
Po < 1 (5.64)
Po = 0 (5.65)
Apo < Mot (5.66)
AL =po) < mapq (5.67)
m, 18 the solution of Model 5.54 (5.68)
Zore > Zone (5.69)

The first and second stage models are very similar to the models in the previous
section. However, note that in the above problem, the expenditures made by the
government is increased by 7' and the profit function of the private hospital is also
increased by T'. As a result of this fixed payment, the private hospital is expected
to obtain the critical level of profit in order to accept this contract with a lower

unit price, r.

Lemma 5.2. In the optimal solution of the above problem, ZPtme = 7 Thus,

orLTC ONC*

T can be written as a function of s and r.

Proof. Assume that for a given contract with parameters r, s and T, the resulting

solution satisfies Zoptimal ~ 7

o onvc- Then, there exists another solution with param-
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eters r, s and T' — ¢, for some small enough € > 0, and this solution will provide an

increase in U and decrease in Z, since T is a fixed payment that does not effect

orTc)H
the other decision variables. Thus, such a solution can not be optimal and in the

optimal solution ZoPtmael — 7 should be satisfied. O

orLTc ONC

As a result of the above Lemma, we can find the value of T as a function

=7

of r and s through the equation Z, one- Then, in order to solve the above

Lre
problem, we write a similar algorithm as in the previous case, that does a two-
dimensional search over r and s and solve the second stage problem 5.54 using
a commercial solver, for each combination of r and s. We calculate the value of
T=Z,.—Z

one orre and U using the value of m, obtained from the above solution.

Then, we pick the best combination of r and s values that are feasible and provide
the maximum value of U. Note that some values of r and s that are not feasible in
Model SC will be feasible in Model LTC with the help of the fixed payment 7" and
this is expected to lead to better solutions as will be seen in our numerical results
section.

We also note that, as an alternative approach, instead of maximizing
U, we also consider the model that maximizes U; under the constraint H; < € in

addition to the other constraints as stated below.

MG.IT’S,T U1 (570)
s.t.

HdSE

Constraints 5.56 — 5.69

Solution method

The solution method is summarized in Figure 5.7., where the govern-
ment as a leader proposes the service price, the amount of subsidy and the financial
incentive, foreseeing the decision of the private hospital. As a Stackelberg model,
in the upper level, the government by searching on the service price, the subsidy

amount and the financial incentive tries to maximize the social utility, while in the
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lower level the private hospital by searching on capacity objects to maximize its

own profit.

1 Searchonr, sand T
2 foreach r, sand T do

3 Find Best m, that maximizes Z,
4 it Z, > Z,,. then
5 The private hospital accepts the contract;
6 if constraints are not violated then
7 Calculate U(r, s, T,m,)
8 end
9 end
10 end

11 Find Best r, s and 7 that maximizes U;
12 Find m, that corresponds to Best r, s and T
13 Calculate Z,;

Figure 5.7.Solution method for Model LTC

5.6. Experimental Results Based on a Case Study from Turkey

The numerical analyses are designed based on a regional health system
in Turkey. We consider the capacities of the hospitals and the arrival rates of
the patients to these hospitals in the Eskisehir region of Turkey. In this system,
more than 70,000 patients are treated in the emergency services of the hospitals
per month. In order to satisfy the total demand, the average capacity level, defined
as the average number of examination teams of doctors and nurses, is seen to be
5 in the public hospitals. The cost of the basic examinations in the public and
the private hospitals are stated to be 10 TL and 20 TL on average respectively.
The unit costs of capacity, which are defined based on the monthly salary of the
employed doctors and nurses are assumed to be 10,000 TL and 50,000 TL in the
public and private hospitals, respectively. The levels of service quality, perceived
by the patients in the public and the private hospitals have been defined as 0.5 and
0.7 respectively based on the results of a questionnaire done to the patients of these
hospitals. Examination fee paid by the patients at the public hospital is 5 TL. All

the parameters used in our base case study are summarized in Table 5.1..
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Table 5.1. Values of base case parameters

A Mg | Co | Cq ko kq Qo | 9a |to | ta|ba |k Q
76000 | 5 | 20| 10 | 50000 | 10000 | 0.7 105 | &8 | 3 | 5 | 1|0.005

We present the results of our models with the above parameters in Ta-
ble 5.2.. We observe that the total public utility can be significantly improved
through the contract mechanisms used in Models 2 and 3. The payment of the
patients to the private hospital in Model SC is 126 TL less than Model NC. The
percentage of patients going to the private hospitals, p,, also increases by 0.052 and
the private hospital managers decide to increase the capacity leading to decreased
waiting times and better service. Even though the expenditure of the government
is increased by about 52.10% in Model SC compared to Model NC, which is due
to the subsidy payments made to the private hospitals per patient, the total utility
level, U, increases by more than 92.5%. The waiting times are also seen to decrease
significantly in the public hospitals, from 0.21 in Model NC to 0.10 in Model SC.
Model LTC provides even better results with decreased government expenditure,

and increased utility level, compared to Model SC.

Table 5.2.Results obtained by the models with the base case parameters

T s mo Po we wy Hy Uy Usz U Zo; T
Model NC 323 0 4.50 0.097 0.04 0.21 593050.37 2681.14 7.80 5.60 1226647.43
Model SP-GL 326 67 5.6 0.146 0.04 0.10 1319816.60 5000.16 17.37 7.63 1836578.71
Model SC 226 29 4.60 0.149 0.05 0.10 902062.04 4530.82 11.87 10.78 1277199.16
Model LTC 219 26 4.50 0.148 0.06 0.10 866661.29 4440.59 11.40 10.80 1226647.43 412.93

In both Models SC and LTC, we observe that the total utility of the
society can increase significantly, however, the expense of government increases
as well. In real life, there might exist certain budget constraints about healthcare
expenditures, which generally limit the total utility level. Thus, we also analyze the

model under this budget constraint, as stated in problems 5.53 and 5.70. For this
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constraint, we use varying government expenditure values, Hy, between 650,000
and 1,300,000 TL, which are close to the values of H; in the Models NC and
SP-GL. As seen in Table 5.3., a significant increase in the total utility levels
can be obtained with a small increase in the public expenditures. The increased
government expenditures are seen to have decreasing contributions to the total
utility level. With a contract mechanism as proposed in Model SC, it is possible
to improve the value of U, even with very similar government expenditures as in
Model NC. Model LTC provides even better results than Model SC for most of the

budget level, with a higher difference for more strict budget constraints.

12 2000000

S 1800000 A
10
1600000
s 1400000
c ——
xxxxxxxxxxxx
> 6 1000000

xxxxxxxxxxx

z

(((((((((((
200000

> ¢ > 0 o >
Model NC Model SP-GL Model SC Model LTC Model NC Model SP-GL Model 5C Model LTC

(a) (b)

Figure 5.8.The values of (a) social benefit and (b) private hospital profit in the models

Table 5.3.0btained U when there is a constraint to increase Hy (x10000)

U
If Hy<60 | If Hy <70 | If Hy<80 | If H; <90 | If H; <100 | If Hy <110 | If Hy < 120 ‘ If Hy <130
Model SP-GL 5.60 6.00 6.60 7.07 7.21 7.58 7.61
Model SC 7.15 10.13 10.67 10.78
Model LTC 7.28 10.13 10.72 10.80

5.6.1. Sensitivity Analysis

The parameters of the system also affect the results significantly, thus
we present a sensitivity analysis to understand the effects of the parameters on the
system results. In order to understand the effects of the parameters individually,
we change one of the parameters at a time, while the other parameters are fixed.

The results of our sensitivity analysis are provided in Table 5.4..
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Table 5.4.Results obtained by the models according to different parameters

Model NC | Model SP-GL | Model SC | Model LTC

mg = 5.5 17.63 20.00 22.16 22.16
mg = 4.5 1.80 1.80 3.68 3.71
A = 80000 -0.79 1.46 5.14 5.14
A = 70000 15.12 17.07 19.37 19.37
Co = 25 4.72 6.92 10.08 10.08
Co =15 2.99 8.37 11.55 11.55
cqg =15 1.09 3.37 6.55 6.55
C4d =09 10.12 11.92 15.05 15.07
k, = 55000 2.79 5.00 8.16 8.16
k, = 45000 7.93 11.11 14.13 14.13
kq = 15000 3.96 5.99 9.14 9.15
kq = 5000 7.25 9.28 12.43 12.44
go = 0.8 9.89 12.75 15.72 15.72
qo = 0.6 1.28 2.98 6.16 6.16
qq = 0.6 4.69 7.99 11.36 11.36
ga =04 2.67 7.26 10.09 10.09
to=29 0.36 1.63 4.70 4.71
lo=17 13.56 17.51 20.26 20.26
tg=4 10.27 10.27 16.26 16.37
tg =2 72.73 88.73 73.32 73.32
by = 10 10.19 11.96 15.08 15.09
big =0 1.09 3.36 6.53 6.53
ky =5 -6.61 -2.77 -1.89 -1.89
a; = 0.006 8.28 13.12 15.72 15.72
a; = 0.004 2.92 3.36 6.49 6.49
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If the capacity of the public hospital increases, in all models, more pa-
tients choose this hospital, so the profit of the private hospital decreases. In this
case, the private hospital also increases its own capacity and higher prices are de-
fined in this hospital. As the average waiting time of patients decreases, the public
benefit increases. When A = 80000, in all models the price of the examination
in the private hospital increases. Also, the private hospital capacity raises. More
people choose the private hospital and the average waiting times increases. In this
case, the expenses of the government increase and so the public benefit decreases.
Also, the profit of private hospital increases. If the cost of care for each patient in
the private hospital increases, the private hospital reduces its own capacity slightly
as in Model SC and LTC. In addition, in all models, the price of the examination
in the private hospital increases. In this case the private hospital gets less profit. If
the cost of care for each patient in the public hospital increases, the public benefit
reduces because the government spends more. A decrease in this costs also causes
the opposite of these effects. If the cost of the capacity in private hospital increases,
its capacity reduces in all models. Also, the profit of this hospital reduces but there
is no change in the public benefit. The increase in the cost of capacity in the public
hospital negatively affects the public benefit. The increase in the perceived qual-
ity level in the private hospital has a positive effect on both the profit of private
hospital and the public benefit. If the perceived quality level in the public hospi-
tal increases, the prices in the private hospital decrease in all models. With the
exception of Model LTC, the capacity of the private hospital reduces in the other
models. This also increases the profit of the private hospital even though it reduces
the public benefit in Models SC and LTC. The increase in the average examination
time in both of the private and public hospitals reduces the public benefit and the
profit of private hospital. A slight increase in the payments of patients in the public
hospital improves the public benefit. If the price sensitivity of patients increases,
fewer patients choose this hospital even with fewer prices, which decreases public

benefits and also the profit of private hospital.
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6. PRICING MODELS FOR A SYSTEM INCLUDING TWO PRI-
VATE HOSPITALS AND ONE PUBLIC HOSPITAL

In this chapter, it is assumed that in a region there are two private hospi-
tals with different characteristics near a public hospital. The hospitals interact with
each other and their decisions about pricing and quality level affect the preferences
of patients to choose them. The state in which the government proposes a contract
to both of the private hospitals and also the model where the contract is recom-
mended to only one of them are discussed. In these situations, private hospitals
may accept or reject the contract. In case of rejection, they make their own pricing
decisions. In the model where the government proposes a contract to both private
hospitals, the Nash equilibrium points for the private hospitals are searched using
the game theory techniques. After the introduction of the models, in the results

subsection, a comparison is made between the models based on the social utility.

6.1. Description of the System

Let us assume that there is a contract based on fixed prices between the
government and private hospitals, and also the government pays a definite subsidy
to the patients that receive service from a private hospital. In this case, as seen
in Figure 6.1., the service fee, the average waiting time and the perceived quality
level in the ¢-th private hospitals are denoted as b,,, w,, and g,,. We define the
utility of the patients in the i-th private hospital as 2 — kbof, and it is Z—j — kb3

woi

in the public hospital. k is the price sensitivity of the patients and we suppose that

if it is low for a patient, she gives more importance to quality than price and vice
versa. In addition, we assume that there is an inverse relationship between k and
the income level of patients, as seen in Figure 4.2..

We suppose that a strategic patient makes a choice between the hospitals

according to the utility she will receive in the chosen hospital.
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Probability of selecting the first private hospital = p,,

Utility of a patient who
First Private chooses the first private hospital = oy _ kbgl
Hospital Wo,
Probability of selecting the second private hospital = p,,
Patients' arrival to the region Utility of a patient who
» Second Private . . o, 2
Arvalrate=1. 0 Hospital chooses the second private hospital = - kb,
2
Utility of a patient who
Public Hospital

chooses the public hospital = da _ kb2
Wq

Probability of selecting the public hospital = p,;

Figure 6.1.A strategic patient chooses one of the hospitals based on the utility she gets.

A strategic patient selects the first hospital if Equation 6.1 is valid.

Jor g2 > 32 g der g > Jer g2 (6.1)
Wo, Wq Wo, Wo,

From Equation 6.1, if k for a patient is as in Equation 6.2, she chooses

the first private hospital.

Qo1 _ 44 Qo __ Gop
Wo, wq Woq Wo,
o1 o1 02

We can assume that b,, > b,, > by.

Lemma 6.1. Considering the assumption that b,, > b,, > by, it can be concluded

that dev > o2~ 44
Woq Wooq wgy

Proof. 1f % < % then we can conclude that p,, — 0 and accordingly w,, — 0.

Because based on our assumption to select the first one among the private hospitals

by a patient her utility in this hospital would be more than the other, means

iﬂ — kb? L Z}ﬂ — k:bg2 and it is obvious that this is not possible for many patients.
01 02

On the other hand if w,, — 0 then Z)ﬁ — o0 and accordingly Z}& > fuﬁ which
01 02

o1

contradicts 2+ < %2 Go we can conclude that 2L > 2~ 44
Wo, Woq Wo, Woq wq
O
In addition, we also assume that the intersection of Z)"l and Z)ﬁ according
o1 o2

to k is in the order shown in Figure 6.2.a. If the intersections are in different order,
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3)”1 > i’i > i—i becomes violated. For example, if the order is as in Figure 6.2.c,
°o1 02

then the second private hospital is not much preferred, w,, — 0 then fuﬁ — 0
02

oo qd

which contradicts 22 > .
Wo Woqy wq

1

oy
w1
q 1. Private hospital 2. Private hospital Publickhospital
02 A
wol [ T Y
w2

* I o o e
da o —e 0

Waq

x| w-——

(b)

=~V

qoq
Wi

@ 1. Privatle hospital Public hospital

w, f \( \

o
[o]
=

4a
wq [ ]

()

Figure 6.2. We suppose that the intersection of 1%'_ according to k is according (a)

S0, p,, is as in Equation 6.3.

o o1 Mo _/\ o1) = Yo o2 Mo _/\ o)
Do, :Fk<q 1<m 1Moy pb12)_222(m o Moo pz)) (63)
01 02

In a similar way, p,, is calculated as in Equation 6.4.

o, (m02M02 - )‘p02) — Qd(md:ud — Apd)
Doy = Fk‘( b2 — b2 )
02 d

6.4
qo, (mouutn - )\pm) — (o, (m02u02 - )\p@)) ( )
b5, — b3,

Fi(

Uy, the total utility received by all patients is calculated as in Equation

6.5.

- | "o s [ s [ war 65)

wOl Ay wOQ As Wq
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Since we supposed k is uniformly distributed between 0 and k. As seen
in Figure 6.3., A; and A, are the critical values of k for the patients to select the

hospitals, which are calculated as A; = kp,, and Ay = k(po, + Do,) = kpo.

Po, Po, Pdﬁ
{ [ [ i
L ) L L J !
0 Ay 4, k
Po

Figure 6.3.A; and As are the critical values of k for the patients to select the hospitals.

The social utility, which is defined as in Equation 4.15 consists of U; and
U,, defined in Equations 4.14, which is the average public expenditure.

The profit functions of the private hospitals are as in Equations 6.6 and

6.7.

ZOl = (Tl — Coy )pol/\ - kolmgl (66)

ZOQ = (T2 - COQ)pOQ)\ - kOszQ (67)

H,; is as in Equation 6.8.

Hy = Apa(ca — ba) + MPoy Soy + PoySos) + kam; (6.8)

6.2. Model NC: No Contract Between the Government and the Private

Hospital

In this model, which is summarized in Figure 6.4., each private hospital
determines its own examination fees to maximize its profit. The examination fee,
the average waiting time and the perceived quality level are r;, w,, and s,, in the
1-th private hospital, while in the public hospital they are b;, wy and s4. Thus, the
utility of the patients is % — kr? in the i-th private hospital and d kb% in the

public hospital. As it is described in Equation 6.9, a strategic patient selects the

first private hospitals if she earns more utility there.
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oo k2> 1 g2 and o g2 > doo

Wo, Wy Wo, Wo,

— kr3 (6.9)

No contract between the government and the private hospital

1.Private 2.Private
Hospital Hospital

Public
Hospital

- Each private hospital defines its
own service fee (s;) to maximize its
own profit

Figure 6.4.Model NC

So, the patient chooses a private hospital, if the value of k£ is as in

Equation 6.10.

9oy g4 4oy Qoo
w, w w w,
o< 2oL M omd ko< 2oL Tez (6.10)
= 2 _p2 =" 2_ 2
T d T =T

Do, 18 as in Equation 6.11, where Fj(x) is the cumulative probability

function of k.

o o1 Mo _/\ o1) = Yo o2 Mo _/\ o
pm:Fk(ql(mlu1 p;g_g;(m 2floy pg)) (6.11)
1 2

In a similar way, p,, is written as in Equation 6.12.

o, (mozﬂoz - >\P02) - Qd(md,ud - )\pd))

09 — F
Pos k( 7"% — b?j (6 12)
F do, (mouu’ol B )\pol) — {o, (m02ru’02 - )‘p02) ‘
k( 2 _ .2 )
rn—r

We assume that & is uniformly distributed between 0 and k.

It is clear that the probability of choosing the public hospital by a patient

iS pd: 1 _pol _poz'
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H,; = )\pd(cd — bd) -+ k:dm?i (613)
In this model, U; is defined in Equation 6.14.

A k

b= [ s [k s [ s 611

wOl Ay w02 As wd

Also, Uy and U are as in Equations 4.14 and 4.15.

In this model, private hospitals attempt to maximize their profits by
defining appropriate examination fees. So this model actually consists of two prob-
lems; in the first problem, the profit of the first hospital and in the second one the
profit of the second hospital are to be maximized. The problem for the first hospital
is defined as in Equation 6.15.

Max,, Zy, = Npoy (11 — Co,) — koymy, (6.15)

The problem of the second hospital is defined in Equation 6.16.

Mazx,, Zo, = Npo,(T2 — Co,) — koym, (6.16)

2

The constraints of the model are defined in Equations 6.17 to 6.26.

Pop <1 (6.17)
Poy = 0 (6.18)
Aoy < Mg, oy (6.19)
Poy < 1 (6.20)
Do, = 0 (6.21)
ADoy < Mgy floy (6.22)



Apa < Mapla (6.23)
ri,r2 2> 0 (6.24)
o2 T (6.25)
LLE 1 (6.26)
Wo, Woy

As seen in Figure 6.5., the service fees in the private hospitals begin
from their minimum points, which are the cost of care for each patient and when
one of the private hospitals grows the fee, the other one also raises its own fee. The

equilibrium occurs at the point where the fees intersect after they become stable.

7 A

eq

2

Y

Co 1 "

Figure 6.5.FEquilibrium point of r1 and r3.
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Solution method

The designed solution method is summarized in Figure 6.6..

1 Initialize Best r» and i»
2 while Best r; # r> do
3 rp < Best

4 Search on rq
5 Find Best r that maximizes Z,, (11, 12)

6 Search on

7 Find Best r; that maximizes Z,,(Best ry, 12)
s end

9 Calculate Z, (Best ry., Best r,):

10 Calculate Z,, (Best ry, Best r3):

Figure 6.6.5olution method for Model NC

6.3. Model SC: Contract Mechanism Based on Subsidy Payments

In this model, which is summarized in Figure 6.7., the private hospi-
tals decide to accept or reject the contract proposed by the government according to
their own profits. The contract includes the price of examination and a subsidy. In
this model, the choice of hospital for a strategic patient is made based on Equations
6.1, 6.2, 6.3 and 6.4. Therefore, Hy, Uy, Us, U, Z,1 and Z,, are defined as in Equa-
tions 6.8, 6.5, 4.14, 4.15, 6.6 and 6.7. In this model, first of all, the profits of the
private hospitals are calculated for the case that none of them accepts the contract,
which is indicated as Reject- Reject (RR) in Table 6.1.. Then, the profits of the
private hospitals are calculated according to the price and subsidy proposed by the
government. Fach private hospital compares this profit with RR state; if it makes
more profit, it accepts the contract. Otherwise, by rejecting the contract, it defines

its price.
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Contract mechanism based on subsidy payment

- Government proposes a contract to private hospitals, in which sewvice fee
(r) and a fixed subsidy amount (s) for each patient who goes to the private
hospitals are defined.

- The objective of the government is to maximize the social benefit (U).

- Each private hospital can accept or reject the contract based on its own
profit compared with Model NC.

- Ifa private hospital does not accept the contract, defines its own service
fee to maximize its own profit.

Public 1.Private 2.Private -In this case, a game appears and its Nash equilibrium is searched.

Hospital Hospital Hospital

Figure 6.7.Model SC

Table 6.1.Profit of private hospitals and social utility in different regions

Second private hospital

Reject Accept
. . . RejeCt ZOlRR7ZOQRR’URR ZO1RA)ZOZRA7URA
First private hospital
‘AC(jept ZOlAR’ZOQAR’UAR ZOlAA’ZOQAA’UAA

In the algorithm written for this model by using the MATLAB software,
as described previously, the profit that the two private hospitals obtain when they
reject the contract and define their own price is calculated as Z,, _ and Z,, .
Then, the profit of each hospital is calculated for the cases of AA, RA and AR.
Then the Nash equilibrium point is searched over the situations summarized below.

Reject-Reject (RR) state: if Z

Olg4

> ZolRA and ZO2AA > ZO2AR then

both hospitals reject the contract.

Accept-Accept (AA) state: if Z,, > 7, and Z,, > Z,,  then

both hospitals accept the contract.

Reject-Accept (RA) state: if Z,, > Z,,  and Z,, > Z,,  then

the first hospital rejects and the second one accepts the contract.

93



Accept-Reject (AR) state: 7, =~ > Z, _ and Z,, > Z,  then

the second hospital rejects and the first one accepts the contract.
After determining the Nash equilibrium point, the relevant social utility
is also calculated.

Solution method

The solution method is summarized in Figure 6.8..

t Search on r and s, and Calculate U and Z,, in states of RA, AR, AA as:
2 foreach r and s do

RA (1. private hospital rejects, 2. private hospital accepts)
4 Find Best r; that maximizes Z,, (r1,r, 5)

Calculate Z,,IM(BG.GI Fi,7.5)

6 Calculate Z,,:m(Bf.ﬁ Fl.F. 8)

7 Calculate Ugy(Best ry,r. 5)

n

8 AR (1. private hospital accepts, 2. private hospital rejects)

9 Find Best r; that maximizes Z,, (r, 5, 12)
10 Calculate Z,,zm (Best r,5,13)
11 Calculate Z,,,” (Best r.5,13)

12 Calculate U, z(Best r. 5.12)

13 AA (both private hospital accept)

14 Calculate Z,,, (Best r,s)

15 Calculate Z,,IM (Best r, 5)

16 Calculate U, 4 (Best r, 5)

17 if Zr,,M = me andan“ = Zo:_m then

18 Equilibrium point is AA;

19 Calculate Uaa:

20 else if Z‘a,}_c '> Z,;.,_u. an'd Zo:_\.c. > Zozm then
2 Equilibrium point is RR;

2 Calculate Ugg;

23

else if ZrJIM > Z,,IM and ZﬂhH > 7

e then

. Equilibrium point is RA:

3 Calculate Ug,:

26

77 else

28 Z‘?lu = Zol_w_' and 2‘72.-12 = Z"’l»m
29 Equilibrium point is AR;

30 | Calculate Uyg;

3 end

32

33 end

34 Find Best the U, the corresponding fees and related equilibrium point;
35 Calculate Z, and Z,,;

Figure 6.8.Solution method for Model SC
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6.4. Model NC-SC: The Government Recommends a Contract to Only

One of the Private Hospitals

In this model, it is assumed that the government offers a contract to
only one of the private hospitals, which may be refused or accepted based on the
profit of the hospital. If no contract is recommended to a hospital or when it rejects

the contract, it defines its own service fee.

6.4.1. Model NC-SC-1: The government recommends a contract only

to the second private hospital

In this model, which is summarized in Figure 6.9., the contract is not
recommended to the first private hospital, so this hospital determines the amount
of r1 to maximize its profit. A strategic patient chooses the first private hospital if

Equation 6.27 is valid.

Jor _pp2 > 32 gpg

k2> L g (6.27)
Wo, Wq Wo, Woy

02

Government only recommends a contract to one of the private
hospitals

- Government proposes a contract to only one of the private hospital, in
which service fee () and a fixed subsidy amount for each patient who goes
to the private hospital (s) are defined.

- The objective of the government is to maximize the social benefit (U).

|

Public 1.Private 2.Private - The private hospital can accept or reject the contract based on its own
Hospital Hospital Hospital profit compared with Model NC. )
- If the private hospital does not accept the contract, defines its own

service fee to maximize its own profit.

Or

Public 1.Private 2.Private
Hospital Hospital Hospital

Figure 6.9.Model NC-SC
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k<20 and k<A 6.28
Seop MRS (6.28)
Do, 18 written as in Equation 6.30.
qo, (mol Moy — >‘p01) — Qoo <m02:u02 - )‘poz)
Poy = Fi( T3 ) (6.29)
/’nl - Yoo
o o2 Mog T )\ o) T - )\
Do, = Fk(q 2 (Mg oy 2)22)_ bgd(mdﬂd pd>)
oz (6.30)
)2 do, (molluol - )\pol) — oo (m02:u02 - )‘p02>
k( 2 _ 2 )
rl - Yoo
In this model, H; is defined as in Equation 6.31.
Hd = )\pd(cd — bd) -+ kdmz (631)
In this model, U; is as in Equation 6.32.
Ay q Az q k 4
U, = / (== —k;rf)f(k:)dkvL/ (=2 —k:bgg)f(k:)dk+/ (——ka)f(k:)dk (6.32)
0 Wo, A1 Wo, As Wq

The objective function is as in Equation 6.33, because the government

attempts to maximize the social utility.

Maz,,s, U (6.33)

In addition, the first private hospital tries to maximize its profit.

Mazx,, Zy,, = PoAr1— o) — koym?, (6.34)

The constraints defined in Model 6.3. are valid in this model.

6.4.2. Model NC-SC-2: The government only recommends a contract
to the first private hospital

This model is similar to Model NC-SC-1, but the government hereby

offers a contract only to the first private hospital.
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Solution method

The solution method is summarized in Figure 6.10..

1 Search on r and s as:

2 foreach r and s do

3 Find Best r that maximizes Z, (r1,r1. )

4 Calculate Z,, (Best ry.r. 5)

5 Calculate Z,, (Best ry,r. 5)

6 if Z,, > Z,, . then

7 The second private hospital accepts the contract;
8 Calculate U(Best ry.r, 5)

9 end
10 end

11 Find Best (r, 5) that maximizes U;

12 Calculate Z, and Z,,;

13 if Best U # Uy then

14 ‘ The government does not propose the contract;
15 end

Figure 6.10.Solution method for Model NC-SC

6.5. Experimental Results Based on a Case Study from Turkey

In this section, the numerical results of the models are presented. All

the parameters used in our base case study are summarized in Table 6.2..

Table 6.2. Values of base case parameters

A = 70,000 a; =0.01 a; =1 ba=5 k=1

Coy = 20, oy = 15,¢4 = 10 | Ky = 50,000, ko, = 40,000, kg = 10,000 | go, = 0.7, Goy = 0.6, ¢4 = 0.5 | o, = 8,0, = 8,ta =3 | My, = 3,10, = 3,my = 4
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The obtained results are presented in Table 6.3..

Table 6.3. Results obtained by the models with the base case parameters

Model Hospital T bo Do W, Z Wy H, Uy Us U

First private hospital | 230 | 0 | 0.081 | 0.07 | 739281.16
Model NC 5.69 | 447367.13 | 516.82 6.39 | -1.22
Second private hospital | 176 | 0 | 0.098 | 0.08 | 744996.25

First private hospital | 230 | 0 | 0.081 | 0.07 | 739281.16
Model SC-RR region 5.69 | 447367.13 516.82 6.39 | -1.22
Second private hospital | 176 | 0 | 0.098 | 0.08 | 744996.25

First private hospital | 272 | 0 | 0.070 | 0.06 | 784625.27
Model SC-RA region 0.22 | 799935.97 | 1979.49 | 11.43 | 8.37
Second private hospital | 117 | 34 | 0.155 | 0.13 | 745935.01

First private hospital | 117 | 34 | 0.141 | 0.11 | 508820.00
Model SC-AR region 0.19 | 765520.00 | 2029.50 | 10.94 | 9.36
Second private hospital | 134 | 0 | 0.089 | 0.07 | 381080.00

First private hospital | 117 | 34 | 0.137 | 0.11 | 480970.00
Model SC-AA region 0.13 | 1034700.00 | 2999.70 | 14.78 | 15.21
Second private hospital | 117 | 34 | 0.121 | 0.09 | 506710.00

First private hospital | 272 | 0 | 0.070 | 0.06 | 784625.27
Model NC-SC-1 0.22 | 799935.97 | 1979.49 | 11.43 | 8.37
Second private hospital | 117 | 34 | 0.155 | 0.13 | 745935.01

First private hospital | 230 | 0 | 0.081 | 0.07 | 739281.16
Model NC-SC-2 5.69 | 447367.13 | 516.82 6.39 | -1.22
Second private hospital | 176 | 0 | 0.098 | 0.08 | 744996.25

Using the parameters summarize in Table 6.2., the obtained results
are presented in Table 6.3.. In Model NC, where there is no contract between
the government and the private hospitals, the examination prices in these hospitals
are defined as 230 TL and 176 TL respectively. Compared to Model NC, the social
utility increases by 786% by Model SC, in which the second private hospital made
a discount of approximately 33%, while the payment of patients decreases by 47%
in the second hospital and as a result the number of patients who select the second
private hospital increases by about 6%. With decreasing the average waiting time
in the public hospital, U; improves 383%. Although the expenditure of the gov-
ernment increases, but Model SC provides beneficial results for society. Even the

profits of both private hospitals increase.

It is possible to raise both of the social utility and the profits of private

hospitals applying suitable contract mechanisms.
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6.5.1. Sensitivity Analysis

The results of our sensitivity analysis are provided in Table 6.4..

Table 6.4.Results obtained by the models according to different parameters

Model NC Model SC Model NC-SC-1 Model NC-SC-2

U U Equilibrium Region U U

A = 75000 -1.44 -0.79 RA -0.79 -1.44
A = 65000 13.18 21.12 RA 21.12 13.18
Coy =25 -1.64 7.97 RA 7.97 -1.64
Cog = 20 -1.58 8.12 RA 8.12 -1.58
Coy = 10 -0.87 8.63 RA 8.63 -0.87
cqg =15 -5.33 4.49 RA 4.49 -5.33
cqg =5 2.88 12.24 RA 12.24 2.88
kg = 15000 -2.37 7.22 RA 7.20 -2.37
kq = 5000 -0.08 9.51 RA 9.51 -0.08
4o, = 0.8 0.01 9.72 RA 9.72 0.01
4o, = 0.6 -2.07 7.32 AA 6.75 -2.07
do, = 0.7 -1.34 8.97 AA 8.67 -1.34
doy = 0.5 -1.38 7.85 RA 7.85 -1.38
qq = 0.6 -1.65 9.50 RA 9.50 -1.65
to; =9 -2.05 5.31 RA 5.31 -2.05
to; =7 3.05 12.01 RA 12.01 3.05
tog =9 -2.21 5.45 RA 5.45 -2.21
toyg = 7 0.74 11.93 RA 11.93 0.74
tg =4 -2.50 -3.40 RA -3.40 -2.50
Moy = 3.5 3.85 12.62 RA 12.62 3.85
Moy, = 2.5 -2.20 3.96 RA 3.96 -2.20
Moy = 2.5 -2.24 4.00 RA 4.00 -2.24
mg = 4.5 18.90 26.44 RA 26.44 18.90
mqg = 3.5 -1.08 -1.08 RR -1.08 -1.08
big = 10 2.56 4.58 RA 4.58 2.56
big =0 -5.22 4.59 RA 4.59 -5.22
k1 =5 -26.69 10.68 RA 10.68 -26.69
a1 = 0.02 3.95 41.33 AA 30.70 3.95
a1 = 0.005 -3.81 -0.56 RA -0.56 -1.90

If A = 65000, in the equilibrium point, the social utility increases but the
profit of private hospitals decreases. When A = 75000, the social utility decreases.
In this case, while the profit of the first private hospital increases, the profit of
the second private hospital reduces. In both states of A = 65000 and 75000, the
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equilibrium point for Model SC is in the RA area, i.e. the first hospital rejects
the contract and the second accepts it. The same equilibrium point (RA) is also
obtained with parameters c,, = 25, ¢,, = 10 and m,, = 2.5. However, if m; = 3.5

and g,, = 0.6, the equilibrium point is in the RR and AA areas, respectively.

In general, the highest social utility with the parameters summarized
in Table 6.2. is provided by Model SC, where all decisions are made by the
government. The profit of both private hospitals in this model is higher than Model
NC.
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7. CONCLUSIONS

In this thesis, we analyze the healthcare systems in which public and
private hospitals co-exist and the demand for the public hospitals is seen to be much
higher than the capacities of these hospitals. Thus, the waiting times at the public
hospitals are high, while the service quality and satisfaction levels are low. On the
other hand, the private hospitals have ample capacity and they are underutilized
since the demand is low for these hospitals, mainly due to their high price. We
provide new contract mechanisms in order to improve the total utility level of the
society, which can be applied between the government and the private hospital
owners in similar systems. We develop simulation-based and mathematical models
for these mechanisms and compare them. We show that how the government can
improve the utility level of the society with a proper contract mechanism. Because
in this case, it is possible to change prices, which changes the situation of the
system. More patients prefer the private hospital if the fee of examination in the
private hospital is less. Then, the patients are more satisfied because, in the private
hospital, although the payments are higher than the public hospitals, the average
waiting times of the patients are low and the quality of services they receive are
high. On the other hand, when the number of patients in the private hospital
increases, the average waiting times increase and accordingly, the satisfaction level
decreases.

In Chapter 3, emergency services of public and private hospitals in a city
are simulated with Rockwell Arena 14.5 software, in which service qualities, waiting
times and payments are different from each other. We propose and evaluate new
policies that will impact patient choices and thus system status. We first analyze
the situation in which the resource capacities at the public hospitals are increased.
In this case, even though the waiting times can be significantly decreased, it brings
an additional cost to the government. More importantly, capacity increases are seen
to be infeasible due to limited resources in the healthcare system, which cannot be
increased in the short run. Secondly, since the patients’ preferences are significantly
related to the payments they need to make at the hospitals, we analyze different

pricing policies, including single and differentiated pricing strategies. As the gov-
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ernment provides more subsidies for private hospitals, which in turn decreases the
payment requirements of the patients, more patients will prefer private hospitals
and obtain higher quality service, improving their satisfaction. In addition, since
fewer patients will go to public hospitals, the heavy load on the public hospitals
will be decreased. However, government expenses are seen to significantly increase
as the subsidy payment ratio increases, which is an important problem for the gov-
ernment. To overcome this problem, we propose differentiated pricing strategies
which will provide similar patient preferences and waiting times without signifi-
cantly increasing the government expenses. Finally, we propose a linear two-part
tariff contract and observe that it also provides significant improvements in the
system results. We also provide the optimal parameters for each of these scenarios
based on a social utility definition composed of the multiple objectives of decreasing
government payments and waiting times while increasing the obtained total service
quality.

Note that this part of thesis is applied in the emergency departments
of the hospitals and the applications in different departments of the hospitals or
in different parts of the healthcare systems might lead to different results. We
acknowledge that people may prefer the public system for long care treatments due
to the smaller long-term cost while preferring the private system for emergency care,
which is a one-time event. However, after suitable modifications, considering the
adjusted patient preferences, we believe that the proposed settings can still be useful
for outpatient clinics, long-term care units or similar health systems. We also note
that outpatient services of the hospitals have similar structures as the emergency
services and similar models can be proposed for outpatient clinics. We leave the
analysis of such different healthcare units for further studies. We assume that the
quality levels are fixed and independent of the number of patients going to those
hospitals. However, as more patients move from public to private hospitals, these
quality levels might also change. When some of the patients move from public to
private hospitals, the quality levels of the private hospitals are expected to decrease
while the quality levels of the public ones are expected to increase. As a result, we
expect less number of patients to move from public to private hospitals compared

to the results in this paper. Even though we expect to obtain slightly lower utilities,
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we believe that the main results of the paper will still hold. We think that such
modifications can be analyzed in more detail in the future studies.

We propose price differentiation based on a segmentation of the popu-
lation. However, perfect segmentation is never possible and cannibalization effects
might decrease the potential benefits of the suggested mechanisms. Analysis of
different segmentation mechanisms, a more detailed analysis on how to segment
the population and how much discount to apply to each segment might be another
extension of this work. We also note that the pricing mechanisms or the contracts
offered by the government may not be accepted by some of the private hospitals
if they don’t want to handle the additional demand under the given price. When
more patients move from public to private hospitals, they may want to increase
their prices as well.

In Chapter 4, we develop pricing models for health services. We consider
all the hospitals in a city as an associated system contains one public and one private
hospital and investigate the effects of different contract mechanisms on the social
utility. Based on this approach, the state in which there is no contract between the
government and the private sector, policies based on the financial incentive by the
government and payment according to the patients’ income level models are ana-
lyzed. The results show that all contracting mechanisms have significant effects on
the social utility and in all of the new mechanisms this value increases. The most so-
cial utility is obtained by applying the differentiated pricing according to patients’
incomes. This mechanism, which has positive effects on patient satisfaction and
public expenditures, creates a fairer system of payments. The contract based on
the government financial incentive to the private sector is also useful because, in
these policies, the reductions in the costs of the private hospital in addition to the

payment of patients.

In Chapter 5, we develop models for capacity decisions and pricing in
a health system that contains one public and one private hospital. The state in
which, there is no contract between the government and the private hospital and
the model, where after defining the price, subsidy and financial incentives in the

private hospital as a contract by the government the private hospital defines its
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own capacity are discussed. We observe that the government can improve the utility
level of society significantly at the expense of small increases in healthcare spending.
When the government proposes a certain subsidy payment for each patient to the
private hospital, the total utility level of the society can increase while the waiting
times at the public hospitals decrease. Even under certain budget constraints that
limit government expenditures, the healthcare system can improve significantly. In
addition to subsidy payments per patient, when the government also employs a
fixed fee payment mechanism, even better results can be obtained. We observe that
better quality healthcare service can be obtained with much lower waiting times
via new contract mechanisms that can balance the supply and demand by a better
allocation of demand among the public and private hospitals. The results show
that it is possible to obtain a better system in terms of the government, society and
also the private sector if the decision variables in the system are optimally defined
based on the appropriate contract mechanisms.

In Chapter 6, it is assumed that there are one public and two private
hospitals in the system. The model in which, there is no contract mechanism
between the government and the private hospitals, the state that the government
offers a contract to only one private hospital and the model, where a contract is
recommended to both of the private hospitals are analyzed. When a contract is
offered to either of the private hospitals, they decide whether to accept it or not
according to their profits. Therefore, in the case that a contract is offered to both
private hospitals, a game occurs and its Nash equilibrium is searched. In general,
we observe that if an appropriate contract mechanism is defined for a health system,

the social utility increases.
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