Topic
The patient’s transitional behavior in both public and private health 
institution using Markov Chain 
ABSTRACT
The research study work tends to study the transitional behavior of patients in the two categories of hospital (private and public).
A primary source of data was used using interview method through simple random sample. A sample size of ninety (90) was obtained.
The analysis was done through the use of Markov chain and the results obtained from the algebra with 64% for private and 36% for public, indicate there are more patronage for private hospital 
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CHAPTER ONE
1.0 INTRODUCTION
A hospital is a health care institution providing patient treatment with specialized medical and nursing staff and medical equipment. The best-known type of hospital is the general hospital, which typically has an emergency department to treat urgent health problems ranging from fire and accident victims to a sudden illness. A district hospital typically is the major health care facility in its region, with many beds for intensive care and additional beds for patients who need long-term care. Specialized hospitals include trauma centers, rehabilitation hospitals, children’s hospitals, seniors’ (geriatric) hospitals, and hospitals for dealing with specific medical needs such as psychiatric treatment (see psychiatric hospital) and certain disease categories. Specialized hospitals can help reduce health care costs compared to general hospitals. Hospitals are classified as general, specialty, or government depending on the source of income received.
A teaching hospital combines assistance to people with teaching to medical students and nurses. A medical smaller facility than a hospital is generally called a clinic. Hospitals have a range of departments (e.g. surgery and urgent care) and specialist units such as cardiology. Some hospitals have outpatient departments and some have chronic treatment units. Common support units include a pharmacy, pathology, and radiology.
Hospitals are usually funded by the public sector, health organizations (for profit or nonprofit), health insurance companies, or charities, including direct charitable donations. Historically, hospitals were often founded and funded by religious orders, by charitable individuals and leaders.
Currently, hospitals are largely staffed by professional physicians, surgeons, nurses, and allied health practitioners, whereas in the past, this work was usually performed by the members of founding religious orders or by volunteers. However, there are various Catholic religious orders, such as the Alexians and the Bon Secours Sisters that still focus on hospital ministry in the late 1990s, as well as several other Christian denominations, including the Methodists and Lutherans, which run hospitals. In accordance with the original meaning of the word, hospitals were originally “places of hospitality”, and this meaning is still preserved in the names of some institutions such as the Royal Hospital Chelsea, established in 1681 as a retirement and nursing home for veteran soldiers. 
1.1 BACKGROUND OF THE STUDY
Public funding, as well as public provision of healthcare services, has been a key feature of many modern welfare states. However, since the 1980s the realms of the public and private sectors have been redefined in many countries. At the same time, systems financed through social or private insurance have developed new ways of organizing their relationships with providers. What is common to all healthcare systems is a discussion about the optimal balance between public and private provision.
In a seminar paper from 1963, Kenneth Arrow demonstrated that health care has a number of characteristics that violate the principles of a perfect market. Healthcare consumers do not have sufficient information to know when and to what extent health care is needed or to compare alternatives. Externalities are not incorporated in decision making, and patients risk catastrophic losses in the event of serious illness. Attempts to solve this problem through private insurance carry other risks in terms of adverse selection and moral hazards. As a consequence, all modern healthcare systems have some degree of public involvement in the regulation, financing or provision of services. The implication is that health care is delivered in highly regulated markets with different combinations of public and private actors. This leads us to ask whether there is evidence that private delivery organizations perform better than public delivery organizations in regulated health care markets.
We investigated this question by conducting a scoping review of the available evidence from recent studies within the European region. Although this region includes different types of healthcare systems, all countries rely considerably on public or not-for-profit providers in addition to some degree of private for-profit delivery. Focusing on the European region allowed us to include systems that are based on similar values about solidarity, while excluding studies from countries with radically different underlying values, such as the United States (US) and Singapore. At the same time, by including the entire region, we can expand on the degree of diversity and volume compared to previous studies, such as Tiemann et al.
Our method was a scoping review which aimed to summarize and compare previous studies presenting evidence on differences in performance between public and private hospitals in European healthcare systems. Scoping reviews aim to “map rapidly the key concepts underpinning a research area and the main source and types of evidence available and can be undertaken as stand-alone project in their own right”. The specific purpose of this review was to summarize and compare research findings, to relate the findings to previous reviews and generate questions for further studies and systematic reviews.



1.2 Types
Some patients go to a hospital just diagnosis, treatment, or therapy and then leave (“outpatients”) without staying overnight; while others are “admitted” and stay overnight or for several days or weeks or months (“inpatients”). Hospitals usually are distinguished from other types of medical facilities by their ability to admit and care for inpatients whilst the others, which are smaller, are often described as clinics.

1.3 What Are Private Hospitals?
These are hospitals managed and funded by an individual or a group of people. The owner(s) is in charge of day to day running of the hospital, ensuring compliance is met, managing finances, human resources not to mention hospital equipment. Though expensive, private hospitals have in the past gained popularity due to the good quality of services offered in terms of less waiting periods and personalized care. Due to the high cost of services offered, these hospitals attract affluent patients.
Private hospitals have some perks such as;
· Are equipped with modern healthcare equipment
· Have shorter waiting periods
· Offer personalized patient care.
Despite these, private hospitals have cons including;
· They are expensive
· They can only treat a limited number of patients at a time.
· Do not accept all insurance policies.

1.4 What Are Public Hospitals?
These are hospitals fully managed and funded by the state. Services offered to the patients tend to be of lower quality due to budget limitations. For instances, personalized care may not be as efficient as compared to private hospitals due to the low doctor to patient ratio. These hospitals hence attract less affluent persons or people with restrictive insurance policies. Due to the affordability of the services, public hospitals attract a large number of patients hence long waiting periods.
Advantages of public hospitals include;
· They are affordable
· They can accommodate many patients at a time.
They, however, have disadvantages;
· Long waiting periods
· Lack of personalized health care.

1.5 What Is The Difference Between A Public And Private Hospital?
A hospital can be a public or private institution, depending on how it is governed. If you would like to work in a healthcare setting and you are trying to differentiate between each of the hospitals that you can apply to, it is important to learn how standards care and settings can vary based on how the facility is managed and how it is controlled. Once you are able to identify the pros and cons of working in each of the hospitals, you will be equipped to decide if you want to be employed by a body controlled privately or publicly.

1.6 Significance of Study
	The research work tends to examine the transitional behavior of patients from public health institution (Hospital) to private hospital and vice-versa. The study is a significant one in the sense that a lot of challenges or upheaval arises as a result of this movement or charges. This sometime causes loss of life and patients discharging themselves which is called DAMA (Discharge Against Medical Advice). The study will go a long way in understanding this transition.
1.7 Scope of Study
The research work covers all the type of health sector in the country such as the private and the government hospital. Since the work is to examine the transitional behavior of the patients to this type of hospital hence the research covers all the various health sectors in the country where patients are being handled.

1.8 Limitation
In the course of the research work, a lot of challenges were encountered on the field from the survey planning up to the analysis, the problem of non-respond by the patients’ access to data (DBMS) not available and furthermore, the time of the research work is also challenging.

1.9 Aim and Objectives 
The general aim of the research work is to examine/study the transition behavior of the patients from private to public hospital and vice-versa.

SPECIFIC
· To obtain the transition matrix
· To study the likely state
· To predict about the future of such hospital and patients












CHAPTER TWO
2.0 					Literature Review
	Nowadays, improving health services quality is a big problem for all countries in the world. The countries seek through their various policies to develop economic and strategic plans to rise the service level and improve health status. The concept of quality and control of quality has become one of the topics that most discussed and most interested by researchers, administrators, consumers, and services funders. Despite the many measures and efforts made to improve the quality of services, it remains open always to question.
	Quality in health services is the clinical quality (technical) and non-clinical quality (functional) quality. Technical quality indicates the procedure’s accuracy, care staff skills, and medical diagnosis. Functional quality indicates the way that services are provided to patients. The patient is the basis in the health sector and the main goal is patient satisfaction. Therefore, the patient experience is an important measure of quality.
Despite recent developments in the Bangladesh healthcare sector, there is still great concern about the quality of healthcare services in the country. This study compared the quality of healthcare services by different types of institution, i.e public and private hospitals, from the perspective of Bangladeshi patients to identify the relevant areas for development. A survey was conducted among Bangladeshi citizens who were in-patients in public or private hospitals in Dhaka city or in hospitals abroad within the last one year. About 400 exit-interviews were conducted using a structured questionnaire that addressed the probable factors of the quality of healthcare services in 5-point interval scales. The results gave an overview of the perspectives of Bangladeshi patients on the quality of services in three types of hospitals. The quality of service in private hospitals scored higher than that in public hospitals for nursing care, tangible hospital matters, i.e cleanliness, supply or utilities, and availability of drugs. The overall quality of service was better in the foreign hospitals compared to that in the private hospitals in Bangladesh in all factors, even the ‘perceived cost’ factor. This paper provides insight into the specific factors of the quality of hospital services that need to be addressed to meet the needs of Bangladesh patients (Siddiqui and Khandaker, 2007).
The patient’s experience is a lens for services assessment that provide from healthcare institutions because the patient is the first and the last recipient for the service. The patient’s experience carries a lot of uncertainty and an ultimate decision cannot be taken from the patient about the services, but it carries the partial truth. Many artificial intelligence technologies deal with the concept of partial truth, such as genetic algorithms and neural networks, but the fuzzy logic remains pioneering to deal with uncertainty. This paper aims to develop an assessment model by using fuzzy inference that is able to assess the quality of services in a similar way to the human experts of healthcare. The fuzzy assessment model applied to measure the patient satisfaction rate for health services for more 4500 hospitals in the United State and two hospitals in Iraq. The services are assessed by the questionnaire and its design according to the questionnaire of the assessment of healthcare providers and systems (HCAHPS) for all hospitals in the United State. The population study in Iraq consisted of 1,000 patients divided between 500 patients from Al-Hillah general teaching hospital and 500 patients from Al-Kafil private hospital. Depending on the patients’ answers, the degrees of membership are calculated among the fuzzy sets. The results show a clear difference between the services provided by private hospitals compared to public hospitals (Alkafaji, Al-Shamery2020).
Healthcare is a highly competitive global industry. People accept to travel to remote parts of the world in order to receive the service quality they hope for. Patients usually prefer to go to private hospitals, hoping to receive high service quality. On the other hand, healthcare organizations operating in the public sector are undergoing pressure from governments and the general public to improve quality and compete effectively with their counterparts in the private sector. This paper compares the service quality rendered by private and public hospitals. A questionnaire based on SERVQUAL is developed and tested for this purpose. This questionnaire is found have five dimensions; namely, empathy, tangibles, reliability, administrative responsiveness and supporting skills. These dimensions, as well as overall service quality, are compared between private and public hospitals. Finally the implications of the results are highlighted for healthcare managers.(Jabnoun &Chaker,2003).
The aim of this study was to determine the inpatients’ and outpatients’ satisfaction of service quality by the mediating role of sense of security in patie nts.
In this cross-sectional study, the stratified random sampling technique was used with the participation of 600 people in this study. The patients were selected from internal, surgery, women, and children outpatient and inpatient units of hospitals of Mazandaran Province. For data collection, two questionnaires were used; one to measure patient sense of security and the other to assess patient satisfaction (SERVQUAL Service Quality Questionnaire).
In general, the effect of a sense of security created in the human dimension on the service quality with standardized path coefficient equal to 0.384 was significant, and the sense of security from the dimension of providing support created a direct effect on the quality of service support created a direct effect on the quality of service support with standardized path coefficient equal to 0.524 which was significant. Also the direct effect of sense of security in terms of structure on the quality of service by standardized path coefficient equal to 0.168 was significant.
	The patient satisfaction is a major challenge for the service-provider organizations, it is necessary to take effective steps and provide targeted strategies to reduce gaps in quality in the field of services to patients while conducting failure analysis and creating opportunities to improve the quality of services (Rostami etal 2017). 









CHAPTER THREE
METHODOLOGY
3.0 INTRODUCTION
This chapter deals with the method of collection of data and its analysis. The use of Markov chain was applied in the course of the project work.
3.1 SOURCE OF DATA COLLECTION
The source of data used in this project is a primary data collected through the use of interview. The populations are students of Institute of Applied science (I.A.S) and Institute of Information and communication Technology (I.I.C.T).
3.2 METHOD OF DATA ANALYSIS
The use of stochastic process was employed in the analysis which involves Markov chain.
3.3 STOCHASTIC PROCESS

A Stochastic process is a collection [] of a r.v index by the set T, this can also be defined as any system that develop in time or space in accordance with probability law. Stochastic process belongs to the family of probability theory which is the measure of random phenomenon.

3.4 MARKOV CHAIN


A discrete parameter stochastic process [, t=1, 2,…….,n] is said to be Markov chain or any set of n-time point t1<t2<………..<tn. The conditional distribution of is X(tn) given by

P()≤n/(t1)=1…….(tn-1)=n-1


P( )≤(tn-1) =n-1



The stochastic process X =n [ ; n] is called a Markov chain provided that


P(X(tn-1)) =j/X0......... =i=Pij
=P((tn)n/(tn-1)= n-1). 

A Markov chain is a discrete space, Markov process which is completely characterized by the above probability which is the probability of being in state j given that you are presently in state  irrespective of state(s) you are before.
STATE SPACE
The state space is the set of all possible values a random variable x can take in this research work, there are two types of state space(s), and these are;
SS =[Private, Public]

The number of the occurrence of the event in the given state(s)  and j (nij).

			           




       		                   
nij =            
 where,
nprpr = 	Those students who patronize or visit the private Hospital before and                                                              		  are currently still visiting private hospital
nprpu =	number of students who used to visit private Hospital before but are now visiting public Hospital
npupr =	number of students who used to visit public Hospital before but now visiting private Hospital   
npupu =	number of students who visit public Hospital before and are still visiting public Hospital
TRANSITION PROBABILITY MATRIX
The probability (pij) is a transition probability which is obtained by 


 =



 =   


Where  is the probability of being in state j, given that you are in state  with the following properties.


0 for all and j 

∑j= =1 			i=0,1,2,………….r


P= ()	ijS
bj= P{Xo = i} Xo = initial state  
bi(n) = P(Xn=j) = probability of being at Xn = j in n steps
pij(n) = probability of going from i- j in n steps
Where the steps is defined as number of trail(s)
3.5 CHAPMAN KOLMOGOROV EQUATION 


The Chapman kolmogorov equation provides a method for the computation of n step transition probability for any  the equation is thus 


Pij(n) = ∑ is Pk  ir Prj(nik)  or if p(n) then
P(n) = P(k) p(n-k)
Also 
P(n) = Pn  
Where
b = (b1, b2, …………….. bm (n)) 1 x m
bn = (b1(n), b2(n),…………. bm(n)) 1x m
p=pij (m x m)
CLASSIFICATION OF STATE 


Accessible state: a state j is said to be accessible from  for some n ≥ 0  pij(n) > 0 

Communication state: a state i and j is said to communicate if each is accessible from each other 


 Transient state: astate is said to be transient if   is < 1. Once the state is left, the chance of returning is less than one. The state can only be visited by finite number of time.

Absorbing state: a state i is absorbing state if once entered cannot leave the state i.e. closed sets consists of a single state.
Recurrent state: a state i is recurrent state if starting initially from (Xo = i) if the chance of returning to state i is the probability one i.e.   =1. The state can be visited infinite number of times as n→∞
Statistical equilibrium 

Let b(n) = b
Where b(n) : l x k, b : l x k, p : k x k

Define π = lim b(n) = b lim 
n →∞






CHAPTER FOUR
PRESENTATION AND DATA ANALYSIS 
4.0 INTRODUCTION
The chapter presents the used of the course of the work and also the analysis method.
     The data employed was a primary source data which was obtained by interview method in the use of simple random sample.
    A simple size ninety (90) was used (see the appendix)
The method of data and analysis was the use of Markov chain (stochastic process).The state process were (private hospital and public hospital).
The algebra work was done with Microsoft package and the results are presented below.
4.1 DATA ANALYSIS


n =
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       =
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       =

       =


=

          =




          =




  =  

              =



          =



      =  



      =



      =


 The initial state  is given as 
X0 = [private = 64%, public = 36%]
  Using

X0 ____ X1 ________ X2 _________ X3_________X4




                                                        
We have
X1 = (66%, 34%)
X2 = (67%, 33%)
X4 = (67%, 33%)	
X8 = (67%, 33%)
The state proportion become state at 2nd given time
4.2 GRAPHICAL PRESENTION


4.3   RESULTS
The result shows that the two state are recurrent. The initial distribution 
          X0 =(66%, 34%) and the state reach their limit at time two with (67%, 33%) remaining in the two state. His indicate there transition has a limit and also is a an ergodic matrix with Aperiodic and Irreducible state. This is easily display by the line graph also.









CHAPTER FIVE
SUMMARY, FINDINGS, CONCLUSION AND RECOMMENDATION
5.0 SUMMARY
The research work tends to examine the transitional behavior of patients from private hospital to public hospital. In the course of the analysis the following are the findings 
5.1 FINDINGS 
The two given state i.e. private and public hospitals are recurrent state. Patients can visit any of the state and come back.
The initial state of the two are given as 64% and 36% respectively 
The state attained is limit at the 3rd state of time with 67% and 33% for the two states.
5.2. CONCLUSION
Based on the results, which give high % i.e.  67% for private, this implies patients patronize the private more than the public (Government) owned hospital.


5.3. RECOMMENDATION
The result of analysis has shown the behavioral pattern of the two states. Hence, we hereby recommend that Government should improve in the service of the public hospital.
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	BEFORE
	PRESENT
	
	BEFORE
	PRESENT

	SN
	PRIVATE
	PUBLIC
	PRIVATE
	PUBLIC
	SN
	PRIVATE
	PUBLIC
	PRIVATE
	PUBLIC

	1
	1
	0
	1
	0
	46
	0
	1
	0
	1

	2
	0
	1
	0
	1
	47
	0
	1
	0
	1

	3
	0
	1
	1
	0
	48
	0
	1
	1
	0

	4
	1
	0
	0
	1
	49
	1
	0
	0
	1

	5
	1
	0
	1
	0
	50
	1
	0
	1
	0

	6
	0
	1
	0
	1
	51
	0
	1
	0
	1

	7
	0
	1
	1
	0
	52
	0
	1
	1
	0

	8
	0
	1
	1
	0
	53
	0
	1
	1
	0

	9
	1
	0
	0
	1
	54
	1
	0
	1
	0

	10
	1
	0
	1
	0
	55
	0
	1
	0
	1

	11
	0
	1
	0
	1
	56
	0
	1
	1
	0

	12
	0
	1
	1
	0
	57
	1
	0
	0
	1

	13
	1
	0
	0
	1
	58
	0
	1
	1
	0

	14
	1
	0
	1
	0
	59
	1
	0
	0
	1

	15
	0
	1
	0
	1
	60
	1
	0
	1
	0

	16
	0
	1
	0
	1
	61
	0
	1
	0
	1

	17
	0
	1
	1
	0
	62
	0
	1
	1
	0

	18
	1
	0
	0
	1
	63
	0
	1
	1
	0

	19
	1
	0
	1
	0
	64
	1
	0
	1
	0

	20
	0
	1
	0
	1
	65
	0
	1
	0
	1

	21
	0
	1
	1
	0
	66
	0
	1
	1
	0

	22
	0
	1
	1
	0
	67
	1
	0
	0
	1

	23
	1
	0
	1
	0
	68
	1
	0
	1
	0

	24
	0
	1
	0
	1
	69
	0
	1
	0
	1

	25
	0
	1
	1
	0
	70
	0
	1
	1
	0

	26
	1
	0
	0
	1
	71
	0
	1
	1
	0

	27
	1
	0
	1
	0
	72
	1
	0
	0
	1

	28
	0
	1
	0
	1
	73
	1
	0
	1
	0

	29
	0
	1
	1
	0
	74
	0
	1
	0
	1

	30
	0
	1
	1
	0
	75
	0
	1
	1
	0

	31
	1
	0
	0
	1
	76
	1
	0
	0
	1

	32
	1
	0
	1
	0
	77
	1
	0
	1
	0

	33
	0
	1
	0
	1
	78
	0
	1
	0
	1

	34
	0
	1
	1
	0
	79
	0
	1
	1
	0

	35
	1
	0
	0
	1
	80
	0
	1
	1
	0

	36
	1
	0
	1
	0
	81
	1
	0
	0
	1

	37
	0
	1
	0
	1
	82
	1
	0
	1
	0

	38
	0
	1
	1
	0
	83
	0
	1
	0
	1

	39
	0
	1
	1
	0
	84
	0
	1
	1
	0

	40
	1
	0
	0
	1
	85
	1
	0
	0
	1

	41
	1
	0
	1
	0
	86
	1
	0
	1
	0

	42
	0
	1
	0
	1
	87
	0
	1
	0
	1

	43
	0
	1
	1
	0
	88
	0
	1
	0
	1

	44
	1
	0
	0
	1
	89
	0
	1
	1
	0

	45
	1
	0
	1
	0
	90
	1
	0
	0
	1
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