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ABSTRACT
The objective of health systems includes effectiveness, efficiency, equity and quality. To achieve these, depend on the health policy, health expenditure, national income and access to health services. Nigeria is ranked 187 of the 191member nations of WHO based on her health system performance. Some literature blamed this performance on health expenditure, price and income, others opined that some low-income countries have sufficiently better health outcomes depending on political will, but not much has been done on efficiency and its spread across both the public and private hospitals. This study therefore, estimates the relative efficiency of public and private hospitals in the South–west, Nigeria. The objectives were to: i) estimate the technical efficiency of the hospitals; ii) determine the allocative and cost efficiency; iii) assess the role of technical efficiency change and technological change in driving their total factor productivity; and iv) measure the pattern of efficiency growth in total factor productivity (TFP) among the health care providers.
The input-oriented constant returns to scale theory was used. Given that most hospital data are not readily available, convenience sampling method was employed to select 10 private and 10 public hospitals from each of Lagos, Ogun, Ondo, Osun and Oyo States from 2007 to 2016. Data Envelopment Analysis was used to calculate the efficiency while Malmquist Productivity Index (MPI) measured the productivity growth at MPI>1 = progressing, MPI<1= deteriorating and MPI=1 denote stagnating. 
The findings of the study were that:
1. both public and private hospitals are technically efficient but the former are more efficient than the latter with general mean (0.722 and 0.661) respectively; 
1. both allocative and cost efficiency (0.675 and 0.438) are higher in the public hospitals than private (0.411 and 0.256), respectively;
1.  productivity growth displayed inconsistency for both public and private hospitals with technical efficiency change (1.262 and 1.103= progressing for 2007/2008; 0.691 and 0.865= deteriorating for 2008/2009) and technological change (0.681 and 0.929= deteriorating for 2007/2008; 1.877 and 1.113= progressing for 2008/2009);
1. total factor productivity (the product of technical efficiency change and technological change) behaved prototype with technical efficiency change and technological change for both public and private hospitals, but are generally deteriorating with productivity scores of 0.971 and 0.968, respectively; and 
1. cost efficiency score in descending order ranked Lagos, Ogun, Oyo, Ondo and Osun States for public, while Ogun, Osun, Ondo, Oyo and Lagos for private. 
The study concluded that public hospitals are more technically efficient than private hospitals, but both are cost-inefficient and deteriorating in productivity growth. The study recommended that the Ministries of Health should equip the hospitals towards the changing health demands. While ensuring compliance to operational policy by private hospitals, cost of operation should be competitive for both the private and public hospitals.
Word Count: 456
CHAPTER ONE
[bookmark: _Toc514203645][bookmark: _Toc514204402]INTRODUCTION
[bookmark: _Toc514203646][bookmark: _Toc514204403]1.1	Background to the Study
The choice of health care facilities by individuals is determined in part by their taste, satisfaction with services, and the perceived quality of care provided (Oredola & Odunsanya, 2017). This is because, health is seen as the wealth of a nation and it significantly enhances the economic development of the nation (Abdulraheem, Amodu & Olapipo, 2012; Ichoku & Ifelunini, 2015; Tolu & Abe, 2011). Towards providing good health, the government makes it top priority in its Millennium Development Goals (MDGs). However, with the near failure of the MDG to meet its targets and the new policy of sustainable development at the end of 2015, there is a growing sense of urgency among international agencies to intensify efforts on addressing the global challenge of effective and efficient health care delivery system. Consequently, the importance of human health in national development has made efficiency in the production of health services a subject of intense research interests in the literature. This, of course, seems worthwhile if Hollingsworth’s (2008) and Umezinwa’s (2016) opinions that ‘spending on health is normally regarded as a productive investment’ is considered. 
Observations have shown that over the years, in most developing countries where resource constraints are enormous, it is not unusual to find long queues of patients in public and private hospitals waiting patiently for several hours for medical attention. It is also noted that some hospital managers are regularly under pressure to find more beds, to hire more medical personnel, to provide[footnoteRef:1] more drugs and other resources towards attaining effective and efficient health care services. Inefficiency in the use of the available health resources may imply that the sick child next in line may die without receiving medical attention. Doctors and nurses often watch helplessly as patients die because basic health care materials are not available in right proportions. It is either too many beds and insufficient drugs, or too many administrative staff and too few qualified Doctors and Nurses and so on. In most cases, especially where patients pay directly for health services, the cost of the inefficiency of health systems is passed on to the patient who has to spend more income for less value in real treatment. These inefficiencies often have social welfare implications for the individual and the society as a whole. Many countries with low income are below international health goals not only because of scarcity of resources but, more painfully, because resources are not put to maximum use (Ichoku, Fonta, Onwujekwe & Kirigia, 2011). [1:  ‘Provide here’ means availability and use] 

           The health system is widely considered as an important institution in the health improvement agenda of any country (Hakkinen & Joumard, 2007; Novignon & Lawanson, 2014). Health system according to the World Health Organisation (WHO, 2000) is the activities whose primary purpose is to promote, restore or maintain health. In Nigeria, the federal structure has shaped health delivery as all the three tiers of government are involved in health care delivery organisation, management and financing. The prevailing situation is such that the tertiary health care is provided by the federal government, secondary health care by the State governments while Local Government Areas (LGAs) are in charge of the primary level (Olaniyan & Lawanson, 2010). 
However, in Nigeria, the lack of adequate health care services and inability of people in the country to acquire effective and efficient health care services at affordable rates have led to deterioration of the health status of individuals. It is common to see health institutions with no drugs and with dilapidated structures, the dwindling income and purchasing power of individuals, coupled with the high cost of drugs and treatment, combined to keep the services out of reach of many. Given the fact that health is wealth, the wealth of the country is being undermined as people could not receive qualitative treatment from the hospitals (Bello & Ijaiya, 2005; Powell – Jackson et al, 2012).
[bookmark: article1.front1.article-meta1.abstract3.]	Every country both developed and developing makes provision for healthcare delivery system for its members. This is with a view to providing medical and related services for the maintenance of good health, particularly through the prevention and treatment of diseases. This is in recognition of the pervasive importance of good health upon which life is contingent.  In Nigeria, health care can be provided through public and private providers. Public health care is usually provided by the government through public funds. Private health care on the other hand can be provided through (for profit) hospitals and (not for profit ones) non-government providers, including faith-based organizations. There is considerable ideological debate on whether low- and middle-income countries should strengthen the public or the private healthcare services, but in reality, most low- and middle-income countries use both types of health care provision. ‘The economic justifications for governments’ involvement in financing and providing health services among others include; the presence of income inequalities, consumption externalities, tendency for monopoly, and the public and merit goods argument. (Bello, 2003; Sanjay, Kibaek & David, 2012).
However, market failure is very much evident in the public provision of this good due to poor funding, inability to ensure adequate staffing, constant strike action, lackadaisical attitudes of most health care personnel, corruptions on the part of the government, inadequate supplies of medicines, poor maintenance of equipment and so on. These have led to reduced confidence amongst the general public and invariably led to reduced credibility and acceptability of public health sector which stands as a major reason for the emergence of the private health sector. 
The reason for this acceptability and preference is the assumed better availability and perceived quality of private health care.  Moreover, proponents of the private sector argue that the crisis of the Nigerian public health system has created a delivery gap that is being filled by the private hospital. For them, persistently low quality and inadequacy of health services provided in the public facilities have made the private sector an unavoidable choice for the consumers of health care in Nigeria (Ogunbekun & Orobotan, 1999). The proponents further posit that, the private sector has been boosted by the excess supply of doctors and nurses, more availability of drugs, providing a buffer for the inadequate public services, and contributing to labour force training. These advantages, in their view, lead to a preparedness of consumers to pay more for medical care and the near abandonment of the public-sector ceteris paribus, depending on the country and the level of income (Bello, 2005). 
Nigeria as a developing country with an estimated annual population growth rate of 2.44 percent is currently having over 192.53 million people and is projected to be the world’s third most populous country by the year 2050 (UN Report, 2017). It is therefore evident that the nation’s demand for healthcare is huge and would continue to increase in proportion to the huge, growing and ageing population, level of health care, environmental problem, lifestyle within the loose of the policy loop and traditions. In the sub-set, urban population is equally growing as a result of rural–urban migration; while resources for healthcare provision are limited. This is due to a combination of factors related to the supply, such as the misplaced construction of facilities without prior need-assessment, and poor quality of services; it is also caused by demand-related factors such as financial, geographical and cultural barriers to people’s access. One of the main concerns of policy makers and health system managers in lower middle-income countries such as Nigeria, Philippines, Pakistan and so on is to improve the efficiency and performance of hospitals (Hakkinen & Joumard, 2007; Novignon & Lawanson, 2014). In order to increase the efficiency of these centers, they try to implement some reforms in the health sector. The increasing emphasis is being placed on the level of efficiency in the Nigerian hospitals, which is a measure of its performance, given the need to ensure the best use of scarce resources to produce maximum outputs (Bello, 2000; Nistor, Stefanescu, Sintejudeanu & Crisan, 2017).
Inefficiency in the allocation and use of resources is one of the fundamental problems in health systems of developing countries. Public hospitals, as the largest operating unit of health systems in developing countries, spend more than 50% of the total budget of health care while 80% of these resources are spent in hospitals whose efficiency is not more than 50% of their capacity. Nigeria’s health system, for example, was ranked 187 out of 191 in world health systems ahead of Democratic Republic of the Congo, Central African Republic and Myanmar by WHO since 2000 to date (Bello, 2003; Sanjay, Kibaek & David, 2012; WHO, 2017). The infant mortality rate, the under – five mortality rates and the maternal mortality rate are some of the indicators that are often used to compare health status of populations. Nigeria’s figures on each of the three indices are some of the worst in the world, even by the standard of developing countries. Currently, Nigeria, has third highest infant mortality rate in the world. It was noted that nearly 10 percent of  new – born deaths in the world in 2017 occurred in Nigeria and that five countries accounted for half of all new – born deaths in 2016, with Nigeria third in the list (India, 24 percent, , Pakistan 10 percent, Nigeria, 9percent, Congo, 4percent and Ethopia, 3percent (Bello, 2002; Edwin, 2017; Olaniyan & Lawanson, 2010, Osain, 2011; WHO, 2017).  
	The significance of health to the country’s national development has made various countries to enunciated health care policies geared towards the maintenance and improvement of the health status of their populations. This is borne out of the realization that good health care is paramount for the well-being of the citizens and subsequently the socio – economic development of their various societies. In Nigeria, in order to regulate, control and guide the operations of health care services, various policies were put in place to improve the health sector. Some of these policies include western and traditional health care integration, Basic Health Social Scheme (BHSS) established in 1975, Primary Health Care (PHC) in 1986 with 52 Local Government Areas as models, National Programme on Immunization (MPI) in 1997, National Health Insurance Scheme (NHIS) in 1999, National Action Committee on Aids (NACA) in February, 2000 National Reproductive Health Policy and Strategy and the National policy on Food and Nutrition in 2001 among others Nigeria (Ogunbekun & Orobotan, 1999).. These policies were put in place with certain objectives: some of these are to ensure that every Nigerian has access to good health care services to improve and harness private sector participation in the provision of health care services and to ensure that all health care providers conform to laid down rules and regulations guiding health care operations (Lambo, 2015; Pever, Mson & Kor, 2016). Despite the fact that all these policies have been put in place, the country still falls below other developing countries that share same characteristics in the provision of health care. 
Health is one of the critical components of the developmental agenda and governance of a state (Olaniyan & Lawanson, 2010). One of the major health issues in Nigeria, especially in the South – western geopolitical zone is the problem of effective and efficient health system and sustainable health policy which has contributed to the increase in infant and maternal mortality rate and low life expectancy. The impact of these problems on states development is frightening to the extent that one of the main targets of the Millennium Development Goals (MDG) by 2015 is the reduction by two-third in infant mortality and three-quarters in maternal mortality rate (Olaniyan & Lawanson, 2010). However, there is still high record in the Southwest region of Nigeria in infant and maternal mortality rate. The impact of maternal death on the states and national development is overwhelming. It affects individuals, families, communities and nations and represents a formidable barrier to sustainable social and economic emancipation and development. It disrupts families, work, education of children, and progress in the family and cuts short joy from the family, friends and relations (Oluwagbemiga and Olagunju, 2010).  In spite of the global and national strategies to improving the health status on the poor in Nigeria, the South – west geopolitical zone remains one of the zones with poor access to effective and efficient health care delivery.
The foregoing reveals that both the private and public hospitals in the South – West face many challenges. This, as the adage goes, is a desperate disease that requires a desperate treatment owing to the fact that the health sector is a sensitive aspect of the economy that crucially affects the citizens. Given the poor administration and funding of the hospitals, the state of the hospitals grossly affects their relative effectiveness, hence the need to look into this phenomenon towards determining the efficiency of the hospitals and suggesting ways to improve the effectiveness of the hospitals becomes imperative.
[bookmark: _Toc514203647][bookmark: _Toc514204404]1.2	Statement of the Problem
Health care is provided through public and private providers, depending on the country’s health system’s boundary (Bello, 2003; Ogunbekun & Orobotan, 1999). Public hospitals provide healthcare as social services and sometimes as a public good, while the private, may be faith – based, not for profit and for profit. However, as may be applicable, the main objective of a health system is the attainment of good health for her people at minimum costs. Thus, even when private hospitals are not purely service oriented and profit-making venture as against the public hospitals, the major concern of the health system is good health outcome.

[bookmark: _Hlk505245682]Over the years disputes between the proponents of private and public provision of healthcare have escalated. This is because patients tend to access healthcare from both private and public hospitals (Bello, 2008). Both sides claim their critics are ideological biased and selectively draw on case reports to defend their viewpoints. Advocate of the private sector opined that the private sector may be more efficient and responsive to patient needs because of market competition, which they indicate should overcome government inefficiency and corruption. In contrast, critics of the private health sector highlighted inequalities in access to healthcare resulting from inability of the poor to pay for private services, failure to deliver public health goods including preventative services, lack of coordinated planning, poor equipment and so on has made the proponents of the public sector have confidence that public healthcare provision is of most benefit to poor people and is the only way to achieve universal and equitable access to health care.
This longstanding and particularly heated debate about the efficiency of the private and public sectors in meeting the healthcare needs of the poor people in Nigeria, especially in the South west, is increasingly important because governments are faced with the challenge of providing more and better-quality healthcare to growing populations, all with increasingly squeezed budgets. Therefore, finding the most efficient and cost-effective means of delivery is crucial for achieving this goal. However, despite the highly vociferous nature of the debate, and the extreme importance of providing healthcare services in both the developed and developing countries, extant studies have shown that there is still no consensus as to the best sector to rely upon .For some of the studies, the relative efficiency of private and public-sector provision of health care is neither here nor there (See for example Oliver et al. 2011; Pia, Karen, Alabi and Imoh, 2011) while some studies are of the view that the private sectors are more efficient than the public sectors (see for example Andrew, (2012); Chang, Cheng and Das (2004), Hollingsworth, (2008) and Ogoh (2001). In contrast, Jacob (2012); Lee, Yang and Mchoi (2009) found that Public provision were more efficient than the Private sector provision of health care facilities.
In view of the above, it is apparent that the size of expenditure on health care services may not be a guarantee for better health outcomes, but rather, depends on the effectiveness and efficiency of the health sector. Several questions then agitate the researcher in this study on the efficiency of the Nigeria’s health system.
[bookmark: _Toc514203648][bookmark: _Toc514204405]1.3	Research Questions
The research questions which this study answered are in Nigeria;
1. Which sector (Private or Public) is more technically efficient in the provision of health care services in Nigeria? 
1. Which sector (Private or Public) is more efficient in the provision of healthcare services in terms of allocation and cost?
1. What is the role of technical efficiency change and technological change in driving productivity changes? and;
1. What is the pattern of efficiency growth in total factor productivity (TFP) of public and private hospitals?
[bookmark: _Toc514203649][bookmark: _Toc514204406]1.4	Objectives of the Study
This study sets out to estimate the efficiency of health care providers, both public and private hospitals in the South-west Nigeria with the following objectives:
1. estimate the technical efficiency of the public and private hospitals;
1. determine the allocative and the cost efficiency of the public and private hospitals;
1. assess the role technical efficiency change and technological change in driving total factor productivity for both the private and public hospitals; and
1. measure the pattern of efficiency growth in total factor productivity (TFP) among the health care providers in the South – west, Nigeria.
[bookmark: _Toc514203650][bookmark: _Toc514204407]1.5 	Statement of Hypothesis
Based on the above objectives, the following null hypotheses were formulated.
H01: Public health care providers are not technically efficient than the private health care
 	providers.
H02: Public hospitals are not allocative and cost efficient than the private hospitals; 
H03: Technical efficiency change and technological change of both public and private health
 	care providers do not drive their productivity growth; and
H04: Public and private hospitals are not progressing in terms of their productivity growth.
[bookmark: _Toc514203651][bookmark: _Toc514204408]1.6     Justification for the Study
The objective of any health system includes effectiveness, equity, quality and efficiency, especially to correct market failure. The Nigerian health sector has been subjected to variety of health care reforms over the past two decades (Ogunbekun & Orobotan, 1999). A key element of public health policy is promoting good health.  For example, since the return of democratic rule in 1999, reforms have been premised on universal health and efficient health care services coverage. The National Health Insurance Scheme (NHIS) was established in 1960, blurred by political instability, until 1984 when the National Council on Health (NCH) facilitated its implementation (Ogunbekun & Orobotan, 1999. NHIS was then repackaged to ensure full participation of the private sector leading to the establishment of Social Health Insurance (SHI) (NHIS, 2005).  In addition, the Millennium Development Goals (MDGs), concerning maternal and new-born health, water supply and sanitation were also pursued, however, none was able to meet its target.   The  2012  National  Health  Bill that was passed to the public  hearing  in  February  2013   also aimed at protecting  and  prioritizing  the  rights  of  Nigerians  to  get  basic minimum package of healthcare, establishes  minimum  guarantee  of  basic healthcare  services  for   select  groups, such  as  children  below  5 years,  pregnant  women,  adults  above  65  years  and  people  with disabilities,  (Angie  &  Asoka, 2011), yet the outcome in Nigeria still cannot compare favourable with economies that share the same characteristics with Nigeria; such as low income, high population, incommensurate public health expenditure etc.
The pertinent questions therefore are: What could be the reasons for the backward performance and low achievement of the policy goals? This study is therefore, premised on the need to knowing which of the hospitals could be more efficient so as to guide policy thrust in the Nigeria health system. 
Several research methods have also been adopted in handling issues relating to efficiency in the health sector ranging from the parametric approach to the non – parametric approach. The parametric approach relies on econometric techniques while the non-parametric approaches use mathematical programming techniques. For example, Gary, Jacek and Mark (1997), Griffin and Steel (2004) and Panagiotis, Michael and Ioannis (2015) made use of Baysian analysis. Antonio and Sonia (2008), Kimenyi, Ray and Chen (2006) and Yu –Fu Chen and Jeffrey (2003) used Malmquist Productive Index (MPI). Aliasgher, Mehdi and Ulf - G (2013) and Street (2003) employed OLS. Several studies have applied Data Envelopment Analysis (DEA) in hospital performance (Akazili, Adjurk & Jehu - Appiah 2008; Andrew, 2012; Ismail, 2010; Jehu - Appiah, et al. 2014; Jong, Karen & Susan, 2011; Krigia,2008; Zavras, Tsakos, Economou & Kyriopoulos 2002, etc.) 

At the same time, several efficiency studies used Stochastic Frontier Analysis (SFA) (see Cos and Moral – Benito (2011), Evans, (2000), Grigoli and Slabert (2013), Hassan et al. (2015), Kock and Slabbert (2012), Mastromarco and Woitek (2006). Moreover, few studies employ DEA along with MPI in developed and developing countries to measure efficiencies, Majid, Azadah, Haleh, Mehdi and Mohsen, (2014), examined technical efficiency of Specialty Ophthalmology in Iran, Erkoc (2012) studied the estimation methodology of efficiency in United Kingdon (UK), Tlotlego, Novignon, Sambo, Asbu and Krigia (2010) examine the assessment of productivity of hospital in Botswana using DEA application along with MPI; Alilu and Ichoku (2015) employ the DEA Malmquist Index to examine Total Factor Productivity Dynamics in Sub – Saharan Africa etc.
From these methods used, it can be deduced that studies in Nigeria are not many who have extensively used DEA to measure efficiency and productivity change. Even those that made use of DEA only estimated technical efficiency without measuring other aspects such as, cost and allocative efficiency, on the one hand and the technical change, technological change and the total factor productivity change on the other which DEA packages can do and are of importance to the Nigerian hospitals, and health planners. More important is the fact that measures of efficiency growth have been totally neglected.
This research is therefore justified in that both the DEA and MPI methodologies will be employed in order to measure the technical, allocative and cost efficiency along with the technical efficiency change and productivity change in hospitals which other researchers ignored.
On the empirical issues, a wide range of conclusions have been drawn by most studies and therefore put policy makers on this issue at crossroad. Inferences that were been drawn from these findings is that the empirical results on the measurement of efficiency and productivity growth in private and public hospital supply of healthcare services for policies vary and/or inconclusive. ‘Inconclusive’ when taking into consideration series of diverse results in a given economy. ‘Vary’, when the results are viewed from different economies. The import of which is, no clear and definite position has been attained by most of the studies to aid policy makers and users of their information. Therefore, the conflicting findings in the literature are enough pointers to the need for further study on the issue.
[bookmark: _Toc514203652][bookmark: _Toc514204409]1.7     Scope of the Study
The focus of this study is on the relative efficiency of public and private hospitals in the South-west area of Nigeria, spanning from 2007 to 2016. The study is confined to the production of health care services in the secondary health facilities in five South Western States of Nigeria: Ondo, Osun, Oyo, Ogun and Lagos States. The choice of the public and private health sectors is based on the following considerations; first, the structure of the health services delivery in the public and private sector is hierarchical in nature, with distinct levels as dispensaries, health centers, sub-district hospitals, district hospitals, provincial hospitals and referral hospitals at the apex. This structure is useful because the analysis of efficiency and productivity could be done by level. Secondly, since both public and private hospital operates under some formal principles, as against traditional health sector, the ethics, authenticity and realistic data may not be difficult to obtain.
The choice of these states is informed by their related geographical, location and a socioeconomic characteristic, which makes the generalization of efficiency in these states possible, and can serve as a means towards understanding what happens in other geo-political zones.
[bookmark: _Toc514203653][bookmark: _Toc514204410]1.8       Organization of the Study
	            This study is discussed in five chapters. The first chapter consists of the introduction to the work. The chapter provides the background information to the study, statement of the problem, the research questions, the objectives of the study, justification for the study and concludes with the scope of the study. Chapter two is devoted to the review of relevant literature on the subject of health, and efficiency, the conceptual framework, theoretical review, empirical review and methodological review of literature. Chapter three focus on the research methodology. Chapter four of this research contained the data presentation and analysis of results while chapter five presents the summary of findings, conclusion and recommendations.
[bookmark: _Toc514203654][bookmark: _Toc514204411]
CHAPTER TWO
[bookmark: _Toc514203655][bookmark: _Toc514204412]LITERATURE REVIEW
[bookmark: _Toc514203656][bookmark: _Toc514204413]2.1       Introduction
This chapter provides a review of literature on the subject of efficiency measurement. The review begins with conceptual issues, followed by theoretical literature, as well as empirical literature on studies carried out in the developed countries, Africa in general and Nigeria specifically. It is followed by estimation of efficiency levels in the areas of the health care system. It also reviews aspects of literature that are considered relevant to the measurement of efficiency level in the health care service provision and the indicators.
[bookmark: _Toc514203657][bookmark: _Toc514204414]2.2	Conceptual Issues
The concept of efficiency and its measurement, health, hospitals and clinics, and the health care providers are examined below:
[bookmark: _Toc514203658][bookmark: _Toc514204415]2.2.1	Efficiency
Efficiency can simply be defined as the ratio of output to input. According to Farrell (1957), efficiency of any decision-making units (DMU) means the success of the unit to produce the largest possible outputs from inputs available. The overall efficiency of a DMU can be defined as the product of two distinctive measures of efficiency namely; technical and price efficiency. A DMU is considered to be technically efficient when it uses fewer inputs to achieve a given level of output or more output with a given amount of inputs. The price efficiency on the other hand measures the extent to which a DMU uses the various factors of production in the best proportions, in view of their prices. The resulting inefficiency arising after controlling for input prices are known as allocative inefficiency (Herrera & Pang, 2005; Novignon & Lawanson, 2014).
Peacock, Mangolini and Johansen (2001) define efficiency as a component of productivity and refer to the comparison between actual and optimal amount of inputs and products.  Williams (1997) opines that efficiency in the health sector measures whether health care resources are being used to get the best value for money. According to him, health care can be seen as an intermediate product in the sense of being a means to the end of improved health. Efficiency is concerned with the relation between resource inputs (costs, in the form of labor, capital, or equipment) and either intermediate output (number of inpatient treated, waiting time, etc) or final health outcomes (lives saved (LS), life years gained (LYG), quality adjusted life years (QALYs), disability adjusted life years). According to Odete (1993), efficiency is the relationship between the level of resources invested in the health care system and the volume of services, and improvements in health achieved. In this vein, the purpose of efficiency is to maximize results effectively or services delivered, given a particular budget.
[bookmark: _Toc514203659][bookmark: _Toc514204416]2.2.2	Measurement of Efficiency
Adopting the criterion of economic efficiency implies that society makes choices which maximize the health outcomes gained from the resources allocated to healthcare services (Palmer and Torgeson 1999). Efficiency has two components, technical and allocative, that are combined to measure the economic efficiency. In response to this opinion, economists have developed some measures of efficiency to meet the needs of researchers and policy makers. These are:
i. technical efficiency;
ii. allocative efficiency; and
iii. economic efficiency or Cost efficiency
[bookmark: _Toc514203660][bookmark: _Toc514204417]Technical Efficiency:
 ` 	Technical efficiency is the capacity of an organisation to maximise the output from a certain number of inputs, which are needed to provide the outputs. It is measured as the ratio between the observed output and the maximum output, under the assumption of fixed input, or, alternatively, as the ratio between the observed input and the minimum input under the assumption of fixed output Peacock, Mangolini and Johansen (2001. Koopmans (1951)opine that "a producer is technically efficient if an increase in an output requires a reduction in at least one other output or an increase in at least one input, and if a reduction in any input requires an increase in at least one other input or a reduction in at least one output". However, within the context of healthcare services, technical efficiency may be seen as the physical relationship between the resources used (say, capital, labour and equipment) and some health outcomes. These health outcomes may either be defined in terms of intermediate outputs (number of patients treated, Patient-days, waiting time and so on) or a final health outcome (lower mortality rates, longer life expectancy etc). 
[bookmark: _Toc514203661][bookmark: _Toc514204418]Allocative Efficiency:
Allocative (or price) efficiency refers to the ability to combine inputs and outputs in optimal proportions in the light of prevailing prices and available technology and is measured in terms of behavioural goal of the production unit (Hollingsworth, 2012). The concept of allocative efficiency takes account, not only of the productive efficiency with which health resources are used to produce health outcomes, but also the efficiency with which these outcomes are distributed among the community or interventions. In other words, it reflects the ability of an organization to use these inputs in optimal proportions, given their respective prices and the available production technology. Better still, it is concerned with choosing between the different technically efficient productive combinations of inputs used to produce the maximum possible outputs. 
[bookmark: _Toc514203662][bookmark: _Toc514204419]Economic Efficiency or Cost Efficiency
Economic efficiency, also called productive or cost efficiency, is simply a combination of the technical and allocative efficiency. It is the maximum use of resources at a minimum average cost and a state in which every resource is optimally allocated to serve each person in the best way while minimizing waste and inefficiency. Farell (1957) defined economic efficiency by the product of technical efficiency and the allocative efficiency. According to him, a firm cannot be 100% efficient economically, if it is not 100% efficient technologically and at the same time 100% efficient allocatively.
[bookmark: _Toc514203663][bookmark: _Toc514204420]2.2.3	Efficiency and Productivity
The terms, productivity and efficiency, are often used interchangeably, but this is unfortunate because they are not precisely the same things. The productivity of a firm is defined as the ratio of the output(s) that it produces to the input(s) that it uses. In order words, it is the ratio of outputs to inputs. When the production process involves a single input and a single output, this calculation is a trivial matter.  However, when there is more than one input (which is often the case) then a method for aggregating these inputs into a single index of inputs must be used to obtain a ratio measure of productivity[footnoteRef:2] [2:  The same problem occurs with multiple output] 

 When we refer to productivity, we are referring to total factor productivity, which is a productivity measure involving all factors of production.
In order to explain the distinction between the terms, there is need to consider a simple production process in which a single input (x) is used to produce a single output (y). The line OF in Figure 2.1 represents a production frontier that may be used to define the relationship between the input and the output. The production frontier represents the maximum output attainable from each input level. This reflects the current state of technology in the industry. Firms in this industry operate either on that frontier, if they are technically efficient, or beneath the frontier if they are not technically efficient. Point P represents an inefficient point whereas points Q and R represent efficient points. A firm operating at point P is inefficient because technically it could increase output to the level associated with the point Q without requiring more input. The concept of a feasible production set which is the set of all input-output combinations that are feasible can also be explained with figure 2.1. This set consists of all points between the production frontier, OF, and the x-axis (inclusive of these bounds). The points along the production frontier define the efficient subset of this feasible production set.
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[bookmark: _Toc514203664][bookmark: _Toc514204421]Fig. 2.1 production frontier and technical efficiency
Source: Coelli et al. (2005)


In order to demonstrate the dissimilarity between technical efficiency and productivity Figure 2.1 is used. In this figure, the ray through the origin is used to measure productivity at a particular data point. The slope of this ray is ylx and hence provides a measure of productivity. If the firms operating at point P were to move to the technically efficient point Q, the slope of the ray would be more, implying greater productivity at point Q. However, by moving to the point R, the ray from the origin is at a tangent to the production frontier and hence defines the point of maximum possible productivity. This latter movement is an example of exploiting scale economies. The point R is the point of (technically) optimal scale.  Operation at any other point on the production frontier results in lower productivity. From the discussion, it can be concluded that a firm may be technically efficient but may still be able to improve its productivity by exploiting scale economies. Given that changing the scale of operations of a firm can often be difficult to achieve quickly, technical efficiency and productivity can in some cases be given short-run and long-run interpretations.


When one considers comparisons of productivity through time component, an additional source of productivity change, called technical change, is possible. This involves advances in technology that may be represented by an upward shift in the production frontier. This is depicted in Figure 2.2 by the movement of the production frontier from in period 0 to  in period 1. In period 1, all firms can technically produce more output for each level of input, relative to what was possible in period 0. 
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[bookmark: _Toc514203665][bookmark: _Toc514204422]Fig. 2.2 Productivity, Technical Efficiency and Scale Economics
Source: Coelli et al 2005
When it is observed that a firm has increased its productivity from one year to the next, the improvement need not have been from efficiency improvements alone, but may have been due to technical change or the exploitation of scale economies or from some combination of these three factors. If information on prices is available, and a behavioural assumption, such as cost minimization or profit maximization, is appropriate, then performance measures can be devised which incorporate this information. In such cases it is possible to consider allocative efficiency, in addition to technical efficiency. Allocative efficiency in input selection involves selecting that mix of inputs (e.g., labour and capital) that produces a given quantity of output at minimum cost (given the input prices which prevail). Allocative and technical efficiency combine to provide an overall economic efficiency measure.
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Fig. 2.3: Technical Change between Two Periods
Source: Coelli et al (2005)
[bookmark: _Toc514203666][bookmark: _Toc514204423]
2.2.4   Health
The conception of health depends on individual perception, religious belief, cultural values, norms, and social class. Health has been variously defined and some of them are cursorily considered here. The World Health Organization in 1948 sees health as “a state of complete physical, social and mental well-being and not merely absence of disease and infirmity”. Nnebue et al (2014) considers a healthy condition as being sound in the body, mind or spirit. This means that health is a situation of being free from physical disease, pain, mental disorder, and freedom from emotional or spiritual drudgery. According to Akintunde (2006), “it is true that health is paramount, health is wealth, whoever is in good health has everything”. In the absence of good health, therefore, there is illness which is understood in three ways. First, it is natural or physical, such as poisoning, pain and so on. Second, it is supernatural or spiritual, including attacks by witches or wizards. Third, it is mystical, which attributed to spirits, divinities, or ancestors for punishment of offences against them. Given this perception, Jegede (2010) suggests that to better understand the concept of health and for the WHO definition to be acceptable, there must be maintenance of body balance, physical and emotional balance, cultural and political balance, and spiritual and ideological balance. 
[bookmark: _Toc514203667][bookmark: _Toc514204424]2.2.5   Concept of Hospital and Clinic
A hospital is an institution that provides medical services. It is also known as a place where people who are ill or injured are treated and taken care of .Hospitals are largely managed by professional physicians, surgeons and nurses who offer a wide range of curative services, both clinical and diagnostic services. Though these services are important and considered to be core functions, they do not wholly reflect all hospital functions in the society (Afzali, 2007). This is so if we consent to the World Health Organization’s (2000) definition of health as the state of complete physical, mental and social well-being and not merely the absence of disease is regarded as a better definition. Expectedly, the definition of health adopted by providers, government and society has implication for hospital functions in both the developed and developing countries. Mckee and Healy (2000), opined that a hospital may undertake several functions depending on the type of hospital, its roles in the health care system and its relationship with other health care services. And, though the core functions of hospitals are to treat patients, changes in the internal and external environment of the hospital have widened the scope and functions of modern hospitals. They added that hospitals have become important settings for teaching, research, support for surrounding health care system and source of employment. 
In Nigeria, the major providers of healthcare are the private and the public sectors, giving birth to both private and public hospitals.  A private hospital is one which is owned and governed by a person or many people who are managing the whole finances on their own. Not just finances, even the funding process and the administration, staff, all the doctors, everything is under the control of that private body. The private sector is the part of a country's economic system that is run by individuals and companies, rather than the government. Most private sector organizations are run with the intention of making profit. Private Sector can also be referred to as the health care providers who work outside the direct control of the state or Federal governments. It includes all the providers outside the public sector. Bennett, McPake and Mills (1997) define private providers as those who fall outside the direct control of government; it involves both for-profit and not-for-profit entities. For example, private ownership would include health care facilities owned by individuals who seek to earn profits, clinics and hospitals owned by private owners, and those operated by religious missions and other non-governmental organizations (NGOs). Charities and non-profit organizations are sometimes considered to make up a third segment, known as the volunteer sector. However, such organizations are more commonly considered as part of the private sector (Smith, Brugha & Zwi, 2001). 
A public hospital is completely and entirely run by the government’s funding and money. Everything from the construction to the fees of the doctors to the equipment, medicines are based on the government budget. According to Kara and Peter (1994), public sector refers to actions of the government or of agents whose actions are principally determined by government. According to Ozawa and Walker (2011) public providers consist of those employed by the government, including national, provincial or district hospitals, health centers, health posts and outreach workers. Health centers offer primary care, while hospitals offer secondary and tertiary care. The government is the sole provider of public healthcare. The major goal of the provider is not for profit, as in the case of private sector whose main aim is profit driven.
Clinic on the other hand is a health care hub or it is a place where a doctor analyzes the patients, prescribes medicines and gives instructions as to how to take the medication. It can also be a place where outpatients are provided with medical treatment, checkup or advice on their state of health. The patient discusses their issues with the doctor and the doctor may prescribe medicines as the case may be. Clinic can also function through the private or public means, and it can characteristically cover the primarily health care needs of populations in local communities. Clinics are frequently linked up with a general medical practice, run by one or several general practitioners. Some clinics are also operated in-house by employers or government organizations, but they do not also take up major operations.
[bookmark: _Toc514203668][bookmark: _Toc514204425]2.3	Theoretical Literature
In the health literature, productivity and performance measurement of the health care providers have traditionally been concerned with some factors (inputs and outputs), processes, or machines rather than the organizational as a whole. The most common measure is that of labour productivity and capital productivity. Productivity research in health leads to the development of other measures that incorporated all the important factors in aggregated form. These measures offer more insight about technical and allocative performances of the healthcare providers, a concept which is introduced by Farrell (1957) as a result of these concerns.
[bookmark: _Toc514203669][bookmark: _Toc514204426]2.3.1	Production Function
Production function relates to physical output of a production process to physical inputs or factors of production. It is also a mathematical equation or graph that shows the relationship between physical inputs and physical outputs for a business. Mathematically, a production function relates the amount of input (X) used to generate that output (Y). Every feasible combination of inputs generates the maximum possible output or all outputs are produced using the minimum feasible combination of inputs.
[bookmark: _Toc514203670][bookmark: _Toc514204427]2.3.2	Input-Orientated Measures
The input orientated technical efficiency measures address the question: "by how much can      input quantities be proportionally reduced without changing the output quantities produced?" In explaining the input oriented measures, Farrell (1957) illustrated his ideas by using a simple example involving firms that use two inputs (x1 and x2) to produce a single output (y), under the assumption of constant returns to scale. However, the production frontier of the fully efficient firms is not known in practice, and, thus must be estimated from observation of the sample of firms in the industry concerned. In figure2.4, this is represented by SS’ which permits the measurement of technical efficiency. If a given firm uses quantities of inputs, defined by the point P, to produce a unit of output, the technical inefficiency of that firm could be represented by the distance QP, which is the amount by which all inputs could be proportionally reduced without a reduction in output. This is usually expressed in percentage terms by the ratio QP/0P, which represents the percentage by which all inputs could be reduced. The technical efficiency (TE) of a firm is most commonly measured by the ratio.

	
The value which is equal to 1- QP/0P. It will take a value between zero and one, and hence provides an indicator of the degree of technical inefficiency of the firm. A value of one indicates the firm is fully technically efficient. For example, the point Q is technically efficient because it lies on the efficient isoquant. 

	The input – orientated measure of technical efficiency of a firm can be expressed in terms of input – distance function as:


In this situation, a firm is technically efficient if it is on the frontier, in which case 
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[bookmark: _Toc514203671][bookmark: _Toc514204428]Fig. 2.4: Technical and Allocative Efficiencies
Source: Coelli et. al. (2005)

In the presence of input price information, it would be possible to measure the cost efficiency of the firm under consideration. Let w represent the vector of input prices and let x represent the observed vector of inputs used associated with point P. Let  and x* represent the input vector associated with the technically efficient point Q and the cost-minimizing input vector at Q/ respectively.
Then cost efficiency of the firm is defined as the ratio of input cost associated with input vectors, x and x*, associated with point, P and Q 


If the input price ratio, represented by the slope of the isocost line, AA/ in figure 2.4 is also known, then allocative efficiency and technical efficiency measures can be calculated using the isocost line. These are given by


These equations follow from the observation that the distance RQ represents the reduction in production costs that would occur if production were to occur at the allocatively (and technically) efficient point Q instead of at the technically efficient, point Q/.
Therefore, given the measure of technical efficiency, the total overall cost efficiency (CE) can be expressed as a product of technical and allocative efficiency measures in the form:		

		
The three measures however, are bounded by 0 and 1.
[bookmark: _Toc514203672][bookmark: _Toc514204429]2.3.3	Output-Orientated Measures
The input-orientated technical efficiency measure addresses the question: “By how much can input quantities be proportionally reduced without changing the output quantities produced?”. However, one could alternatively ask the question “By how much can output quantities be proportionally expanded without altering the input quantities used? This is an output-oriented measure as opposed to the input oriented measure discussed above. The difference between the output- and input-oriented measures can be illustrated using a simple example involving one input and one output. This is depicted in figure2.5 (a) where we have decreasing returns to scale technology represented by f(x), and an inefficient firm operating at the point P. The Farrell input-orientated measure of TE would be equal to the ratio AB/AP, while the output orientated measure of TE would be CP/CD. The output- and input-orientated measures will only provide equivalent measures of technical efficiency when constant returns to scale exist, but will be unequal when increasing or decreasing returns to scale are present (Fare and Lovell 1978). The constant returns to scale case is depicted in Figure 2.5(b), here it is seen that AB/AP=CP/CD, for the inefficient firm operating at point P.
One can consider output-orientated measure further by considering the case where production involves two outputs (y1 and y2) and a single input (x). Again, if constant return to scale assumption is assumed, the technology can be represented by a unit production possibility curve in two dimensions. This is depicted in Figure 2.6 where the line ZZ’ is the unit production possibility curve and the point A corresponds to an inefficient firm. The inefficient point, A, lies below the curve in this case because ZZ’ represents the upper bound of production possibilities.b
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Fig. 2.5a and 2.5b: Input and Output-Orientated Technical Efficiency Measures and Returns to Scale
Source: Coelli, (2005).
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[bookmark: _Toc514203674][bookmark: _Toc514204431]Fig. 2.6: Technical and Allocative Efficiencies from an Output Orientation
Source: Coelli, et al. 2005
In figure 2.6, the distance AB represents technical inefficiency. That is, the amount by which outputs could be increased without requiring extra inputs. The output-orientated technical efficiency is the ratio.



Where  is the output distance function at the observed input vector x and the observed output vector y.

The revenue efficiency can be defined for any observed output price vector p represented by the DD’. If y represents the observed output vector of firm associated with point A,  the technically efficient production vector associate with B and y* the revenue efficient vector associated with the point B/, respectively, then revenue efficiency of the firm is defined as:

	
Assume the price information is given, then the isorevenue line, DD’ can be drawn and the allocative and technical efficiency measures can take the form as follows

	
The above has a revenue – increasing interpretation similar to the cost – reducing interpretation of allocative efficiency in the input orientated case. The overall revenue efficiency therefore has the product of these two measures and take the form


The three measures are also bounded with 0 and 1.

Farrell’s (1957) technical efficiency measure clearly outlines the importance of the assumptions of convexity, negative slope and constant returns to scale which define the production function. However, it has been observed that theoretically derived functions provide inaccurate approximations of the production technology as the complexity of the technology increase. This prompts researchers to look closely at the mathematical programming methods that empirically derive the efficient production frontier from observed data. Charnes, Cooper, and Rhodes (1978) therefore extend Farrell’s (1957) work in the measurement of technical efficiency and developed Data Envelopment Analysis (DEA). The DEA methodology allows the relaxation and the enhancement of some of Farrell’s (1957) assumptions for the production function and the production technology.  DEA is a non – parametric technique that converts multiple inputs and outputs measures into a single comprehensive measure of productivity.
[bookmark: _Toc514203675][bookmark: _Toc514204432]2.3.4	Data Envelopment Analysis
DEA is a non – parametric mathematical programming approach to frontier estimation. It measures efficiency by comparing DMUs using efficiency frontier, which organization experience under some criteria applies to production possibility set (Gok & Sezen, 2011). The DEA approach applies linear programming techniques to observe inputs consumed and outputs produced by decision – making units and construct an efficient production frontier based on best practices. Each DMU’s efficiency is then measured relative to this frontier. In other words, DEA assesses the efficiency of each DMU relative to all the DMUs in the sample, including itself. This relative efficiency is calculated by obtaining the ratio of the weighted sum of all outputs and the weighted sum of all inputs. The weights are selected so as to achieve Pareto optimality for each DMU. The DEA methodology is concerned with technical efficiency (physical level of output produced and input consumed) as compared to allocative efficiency (optimal input mix given input prices) and price efficiency (optimal output mix given output prices) (Banker and Morey, 1986). An appealing aspect of the DEA is that it allows analysis of multiple – input - multiple – output production technologies without requiring price or cost data. Also, the various input and output factors need not have the same measurement unit.
The DEA methodology helps to identify inefficient DMUs as well as the sources and amount of inefficiency of inputs and/or outputs. The formulation can incorporate both input – reducing and output – augmenting orientations as well as constant and variable returns to scale. However, different results are obtained from the two orientations under the variable returns to scale assumption (Schmidt & Lovell, 1979).
[bookmark: _Toc514203676][bookmark: _Toc514204433]2.3.5	Mathematical Structure of Data Envelopment Analysis Models
The objective of Data Envelopment Analysis is to find a decision-making unit (DMUs) that produce the highest levels of output by using the lowest levels of inputs. Therefore, it maximizes the ratio of weighted outputs to weighted inputs for the DMU under consideration. The maximization objectives is subject to the constraint that the same ratio for all DMUs be less than or equal to one. This leads to the following mathematical models, in which one can find the efficiency value for DMUs.
The mathematical structure of the DEA model takes the form






The linear programming technique will be used to find the set of coefficients  that will give the highest possible efficiency ratio of outputs to inputs for the service unit been evaluated. Equation 2.12 shows that we maximize the efficiency rating  for service unit o. This is subject to the constraint that when the same set of and  coefficients are applied to all other service units being compared, no service unit will be more than 100% efficient as follows:


Where:	












Equation 2.12 and 2.13 show that, the data required to apply DEA to, are the actual observed outputs produced  and the actual inputs used , at one period for each service unit in the set of units being evaluated. Hence, is the observed amount of the  input used by the service unit, and   is the amount of output produced by the  service unit. If the value of for the service unit being evaluated is less than 100%, then that unit is inefficient, and there is the potential for that unit to produce the same level of outputs with fewer inputs. However, if the value of for the service unit being evaluated is 100% then the service unit is efficient.
DEA differs from a simple efficiency ratio in that it accommodates multiple inputs and provides significant additional information about where efficiency improvements can be achieved and the magnitude of these potential improvements. Moreover, it accomplishes this without the need to know the relative value of the outputs and the inputs that were needed for ratio analysis.
[bookmark: _Toc514203677][bookmark: _Toc514204434]2.3.6	Data Envelopment Analysis (DEA) Models
There are basically two DEA models in the literature; the Charnes, Cooper and Rhodes (1978) model and Banker, Charnes and Cooper (1984) model.
[bookmark: _Toc514203678][bookmark: _Toc514204435]2.3.6a.	The Charnes, Cooper and Rhodes (CCR) Model
The DEA proposed by Charnes, Cooper and Rhodes model is known as the CCR model. It is an extension of Farrell’s (1957) classical work on technical efficiency.   The model was developed in 1978 by Charnes, Cooper and Rhodes and it is based on the assumption of constant returns to scale. The CCR model can be input or output orientated. 
i. [bookmark: _Toc514203679][bookmark: _Toc514204436]The Input Orientated CCR Model
However, the choice of input or output oriented models depends on the properties of Decision Making Units (DMUs) in the production process. The input orientated model minimizes the use of inputs for a given level of outputs while the output oriented model maximizes producing of outputs for a given level of inputs.
Charnes et al (1978) opines that the objective function maximizes efficiency of the Decision-Making Units or firms as a maximum ratio of weighted outputs to weighted inputs subject to the condition that the similar ratios for every decision-making units (DMU) be less than or equal to units.  





Mathematically, the model considers a set of nDMUs, where DMU jhas a production plan with inputs and outputs. Assume and be weight vectors.
Based on the above, the CCR input oriented model can take three forms; the Ratio Form model, the Linear (Primal) Model and the CCR Dual model.
The ratio form of the CCR model or the basic CCR model is of the form


[image: ]
Where:
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= 	quantity of input  consumed by DMU 
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The ratio form of the CCR model is presented above where the efficiency of DMUc is measured as a weighted sum of outputs divided by a weighted sum of inputs.represents quantity of outputs by decision making unit  and represent the inputs used by the decision-making unit . are variables weights to be determined by the solution to the model also referred to as multipliers.are the number of hospital or DMU.


This efficiency is maximized subject to the efficiencies of all units and bounded above by 1. However, the key feature of the DEA model is that the weights  and  are not fixed exogenously, but are chosen (by the model) so as to maximize the efficiency of the DMU under consideration in comparison to the other DMUs which must also carry the same weights. In other words, the weights are so chosen that each DMU is shown in the best possible light.
The ratio form of the CCR model can be converted to linear program in his primal form specified as:








This fractional programme is equivalent to the linear programme and they have the same optimal objective value . When a DMUo has <1, then it is CCR- inefficient. However, if = 1, it shows an efficient DMU. Therefore, there must be at least one constraint for which the optimal weights  produces equality between left and right-hand sides. This means that, there must be at least one CCR- efficient DMU. 
The implication of equation 2.16 and 2.17 follow that primal must be solved for each DMU in turn. However, for computational ease DEA models are generally solved using the dual representation instead of the primal. The primal form has as many constraints as there are many DMUs, the dual has as many constraints as there are inputs and outputs. Therefore, the dual problem is smaller in size and more easily solved.	The dual of the above linear programme called envelopment form can then be constructed by minimizing the quantity of the m inputs required to meet the stated levels of output. That is










In equation 2.17 and 2.18,which is the degree of input – efficiency of DMU is the optimal solution to the above linear programming problem. The equation shows that a new weight appears in the dual formulation. The weight vector is unique for each DMU. Theare the activity levels and characterize the level of performance of an efficient virtual DMU compared with other DMUs. The dual seeks to find values of  so as to construct a composite unit DMU with outputs and inputs that outperforms other DMUs. If two DMUs are found to perform at the same level then they are considered to be efficient and designated an input-efficiency score of one. In other words, a DMU will be efficient when it proves impossible to construct a virtual unit that outperforms it. If DMU utilizes more inputs efficiency scores less than one, then it is inefficient. This is so because it is possible for another DMU to produce the same output using lesser input than the DMU’s been considered. 
ii. [bookmark: _Toc514203680][bookmark: _Toc514204437]The Output Orientated CCR Model
The output - orientated CCR Data Envelopment Models are very similar to their input –oriented counterpart. It maximizes the producing of outputs for a given level of inputs. The primal form is specified as:


The associated dual is formulated as:




In formulating the dual maximum output augmentation is accomplished through the variable. If and/ or slacks are non-zero, then the service unit being considered will be regarded as inefficient. However, for a service unit to have efficiency improvement, it will require a proportional increase in all outputs, also additional improvement to the envelopment surface may be necessary based on positive slack variables in the model being specified for the service unit.
[bookmark: _Toc514203681][bookmark: _Toc514204438]2.3.6b. Banker, Charnes and Cooper DEA Model 
The BCC model is introduced by Banker, Chames and Cooper (1984). This model measures technical efficiency as the convexity constraint ensures that the composite unit is of similar scale size as the unit being measured. The resulting efficiency is always at least equal to the one given by the CCR model, and those DMUs with the lowest input or highest output levels are rated efficient. Unlike the CCR model, the BCC model allows for variable returns to scale.

However, the CCR model assumes constant returns to scale i.e. if all inputs are increased proportionally by a certain amount then the outputs will also increase proportionally by the same amount. However, Banker et al (1984) notes that the constant returns to scale assumption skewed the results when making comparisons among DMUs differing significantly in size. In such situation, it would be pertinent to know how the scale of operation of a DMU impacts it’s (in) efficiency. The BCC model enables the use of a new empirical production function and is used to compute efficiency under the assumption of variable returns to scale i.e., a proportional increase in inputs need not necessarily yield a proportional increase in outputs.



The main difference between BCC model and CCR model is to add the variable of  to the input oriented model and the variable of   in the output oriented model to obtain convexity. Charnes et al Model (CCR) assumes constant returns to scale while determining the efficiency of the DMUs. This assumption, however, is considered rather restrictive because it is unlikely that constant returns to scale will apply globally (Oliver et al, 2004). Banker, Charnes and Cooper (1984) modifies the original DEA model for technologies exhibiting variable returns to scale at different points on the production frontier. The BCC model is based on the variable returns to scale assumption. Banker et al Model added a constraint to account for the variable returns to scale. The value is added as additional constraints to the CCR model. According to Cooper, Seiford and Tone (2000), and Zhu (2003), the input-oriented model is summed up to take this form:






Where represents the input-oriented efficiency score for a decision-making unit (DMU). It therefore suggests that if , then the current input level cannot be reduced proportionally. This indicates that Decision Making Unit being assessed is on the frontier, otherwise, if  then DMU is dominated by the frontier. 
[bookmark: _Toc514203682][bookmark: _Toc514204439]
2.3.7	Shape of the Production Possibility set for DEA
There are two shapes of the production possibility set for DEA. These include the constant return to scale and the variable return to scale
[bookmark: _Toc514203683][bookmark: _Toc514204440]2.3.7a. The Constant Returns to Scale Model (CRS)





	Constant return to scale occurs when increasing the number of inputs leads to an equivalent increase in the output. In explaining the constant return to scale, let us assume there is data on K inputs and M outputs on each of N firms or Decision-Making Units (DMUs).  For the i-th DMU these are represented by the vectors and , respectively. The KxN input matrix, X and the MxN output matrix, Y, represent the data of all N DMU’s. The purpose of DEA is to construct a non-parametric envelopment frontier over the data points such that all observed points lie on or below the production frontier. For the simple example of an industry where one output is produced using two inputs, it can be visualized as a number of intersecting planes forming a tight-fitting cover over a scatter of points in three-dimensional space. Given the CRS assumption, this can also be represented by a unit isoquant in input/input space. The best way to introduce DEA is via the ratio form. For each DMU we would like to obtain a measure of the ratio of all outputs over all inputs, such as , where is an M x 1 vector of output weights and  is a K x 1 vector of input weights. To select optimal weights, the constant return to scale measure is specify in a mathematical programming problem form as:

	



The above involves finding values for  and , such that the efficiency measure of the i-th DMU is maximised, subject to the constraint that all efficiency measures must be less than or equal to one. However, in the literature, one problem with this particular ratio formulation of the constant return to scale is that it has an infinite number of solutions. In order to avoid this, one can impost the constraints. The inclusion of the constraint then allows the model to take the form this form:


Where the notation changes from u to µ and v reflects the transformation. This form is known as the multiplier form of the linear programming problem.
Using the duality in linear programming, an equivalent envelopment form of this problem can be derived which takes the form:







Where is a scalar and λ is a N x 1 vector of constant This envelopment form involves fewer constraints than the multiplier form (K + M < N + 1), and hence is generally the preferred form to solve the constant return to scale model. The value of obtained will be the efficiency score for the i-th DMU. It will satisfy  ≤ 1, with a value of 1 indicating a point on the frontier and hence a technical efficient DMU, according to the Farrell (1957) definition. In determining the value for that the linear programming problem must be solved N times, once for each DMU in the sample. A value of  is then obtained for each DMU. However, if <1 then such service unit is not efficient.

[bookmark: _Toc514203684][bookmark: _Toc514204441]2.3.7b.	The Variable Returns to Scale Model (VRS) and Scale Efficiencies
The CRS assumption is only appropriate when all DMU’s are operating at an optimal scale (i.e. one corresponding to the flat portion of the LRAC curve). Imperfect competition, constraints on finance and others, may cause a DMU not to be operating at optimal scale, thus justifying Banker, Charnes and Cooper (1984) suggestion of an extension of the CRS DEA model to account for variable returns to scale (VRS) situations. The use of the CRS specification when not all DMU’s are operating at the optimal scale will result in measure of TE which is confounded by scale efficiencies(SE). The use of the VRS specification will permit the calculation of TE devoid of these SE effects. 
The CRS linear programming problem can be easily modified to account for VRS by adding the convexity constraint: N1’ λ = 1 to provide:

	
Where N1 is an N x 1 vector of ones. This approach forms a convex hull of intersecting planes which envelope the data points more tightly than the CRS conical hull and thus provides technical efficiency scores which are greater than or equal to those obtained using the CRS model.
[bookmark: _Toc514203685][bookmark: _Toc514204442]2.4	The Malmquist Productivity Index
The theoretical grounds of the Malmquist index originated in 1953 from Sten Malmquist who introduce this productivity index after whom it is also named. The Malmquist index, often referred to as productivity index, has to do with the production function or a function of maximum possible production using inputs (labour and capital). The Malmquist index is introduced by Caves, Christensen and Diewert (1982). 
The Malmquist productivity index is largely used to measure efficiency and productivity changes in the health sector. The purposes of measuring productivity growth in any organization include: (i). tracing effects of technological changeon hospital outputs resulting from application of new scientific and technical knowledge, tools, products and techniques in the provision of health services; (ii). identifying changes in efficiency – extent to which hospitals achieve the maximum amount of health service output with current technology and a given amount of inputs over a period of time; (iii). identifying real cost savings in hospital health services production; and (iv) benchmarking hospital health service production processes (OECD, 2001).



In defining the Malmquist productivity index, in order to measure productivity change and its components we assume that the technology of producing hospital service can be characterized by the production set which models the transformation of inputs into outputs at time t and is defined as:

	
That is, the technology consists of the set of all feasible input/output factors.  Also assume that hospitals face a fixed quantity of inputs under the global budget and subject to this resource constraint a hospital manager must decide how many patients to treat. This would imply that productivity and efficiency measurement must consider the extent to which outputs can be expanded without altering the quantity of inputs (Jacobs, Peter & Andrew 2006). Shepherds (1970) output distance function therefore for a period t, is defined as








Where  represents the distance from period  observation to the period t technology and equation 2.52 which is homogenous of degree + 1 in outputs is defined as the reciprocal of the maximum proportional expansion of the output vector given . The expression in equation 2.53 with the negative sign denotes the input distance function (which characterizes the production technology by looking at a minimal proportional contraction of the input vector, given an output vector) and under constant returns to scale assumptions, the above relationship between the input and output distance functions is true. Also, distance functions are independent of the units of measurement because the technique radially contracts the inputs of inefficient DMUs (under input orientation) or expands the outputs (under output orientation) towards the efficient frontier by the same proportion.




Also,      if and only if    and  if and only if is on the frontier technology. That is, when production is technically efficient and this follows from -Farrell’s (1957) output-oriented technical efficiency measure whose reciprocal is equivalent to the Malmquist output oriented index.



Similarly, we define the output distance function to relate an input-output vector’s  distance at time period  to the frontier technology (S) at time period :


There is also a mixed-period distance functions defined as:







Where the distance function   measures the maximum proportional change in outputs required to make  feasible in relation to the technology at the previous period . In both the mixed-period cases, the value of the distance function may exceed unity and this can occur if the observation being evaluated is not feasible in the other period. This is most likely in equation 2.54 as it would be expected that technical progress would have occurred from period t to t+1 but it could also occur in equation 2.55 if technical regress has taken place but this is less likely. Using the above four distance functions, Fare et al (1994) defines the Malmquist output-based productivity index as a geometric mean of two of the indices as:




Equation 2.57 represent the productivity of the production point relative to the production point  .  The ratio outside the brackets is the index of change in technical efficiency (i.e. the change in the distance of the observed production from the current maximum feasible production) between time periods t and t+1, while the bracketed term is the index of change in technology (or technological change) between two-time periods evaluated at xt and xt+1.
A value greater than 1 will indicate positive TFP growth from period t to period t + 1. This index is, in fact, the geometric means of two output – based Malmquist TFP indices. One index uses period t and the other period t+1 technology. 
Following Caves, Christensen and Diewert (1982) and Fare, Grooskopf, Lindgreen and Roos (1989, 1994) in line with figure 2.4, an equivalent way of writing the Malmquist Productivity index is specified as: 



The efficiency change term (EFFCH) is equivalent to the ratio of Farell technical efficiency in period t+1 divided by Farell technical efficiency in period t. the technological change (ΔTECH) term is the geometric mean of the shift in technology as observed at 





(the first ratio inside the bracket) and the shift in technology observed at (the second ratio inside the bracket). The ΔEFF components is greater than, equal to or less than unity depending on whether efficiency of the evaluated DMU improves (catching up to the frontier effect), stagnates, or declines. Depending on the case, the ΔTECH may also take a value greater than, equal to, or less than unity – so that technology change would be positive, zero, or negative, respectively. In order words,  is the technical efficiency change which refers to the change in the relative efficiency of the DMU0 in relation to other units (i.e. due to the production possibility frontier) between time periods t and t+1. is the technical change or the change in technology efficiency or the production frontier shift. It describes the change in the production possibility frontier as a result of the technology development between time periods  and  .


A value of Mo>1 signals positive TFP growth from period  to period  while less than one signals a TFP growth decline. The product of the technical efficiency change and technical change by definition equals the Malmquist index, the components themselves may move in opposite directions. For instance, a Malmquist index of 1.25 (which indicates a productivity gain) could result from a catching up effect of less than 1(say, 0.5 which indicates a deterioration in technical efficiency performance) and a frontier effect of greater than 1 (say, 2.5).
Therefore, through application of this approach we will be able to evaluate the extent to which hospitals have moved toward the best practice frontier (EFFCH) and whether there has been a movement in the frontier itself (TECHCH) over time
[bookmark: _Toc514203686][bookmark: _Toc514204443]2.5	Empirical Evidences
This section focuses on different studies carried out by various researchers on other countries and Nigeria specific which is the focus of this particular research.  
[bookmark: _Toc514203687][bookmark: _Toc514204444]2.5.1	Studies on Developed Countries
A number of studies exist on efficiency in the provision of health care services in the literature; however, some of the studies are largely beyond the shore of Africa.  Most of the studies are carried out in the developed countries, some in Africa and few in Nigeria. However, they all found different result based on different methodologies adopted.
Majid, Azadeh, Haleh, Mehdi and Mohsen (2014) examined the technical efficiency of Specialty Ophthalmology hospital in Iran between 2009 and 2011 using DEA and SFA methodologies. The results of a comprehensive data analysis method from their study shows that the capacity of improving technical efficiency in the studied sector is 34% (average technical efficiency is 0.663 parts); and some of the sectors met the excess inputs (factors of production). Technical efficiency using stochastic frontier analysis was 0.937. In fact, the stochastic frontier analysis showed that the inefficiency is less than the actual value. They conclude that reducing excess capacity factors (factors of production) should be conducted in the form of a comprehensive plan and by considering the major role in the hospital and health sector costs reduction. However, the study fails to differentiate between the non- for-profit hospital and for-profit hospital which would have determined the more efficient among health care providers.
Gu, Song and Zhang (2013) examined the experimental measure of output and productivity in the Canadian Hospital sector from 2002 to 2010. The volume index of the output of the hospital sector was estimated from aggregating the number of inpatient cases and outpatient cases using their cost share as weight. The analysis revealed a large substitution bias in the volume index when inpatient treatment and outpatient treatment of the same medical disease condition are aggregated using their respective unit cost as weight. It is also found that the volume index of the hospital sector output corrected for substitution bias increased by 4.3% annually during the 2002 to 2010 period. The result however may be interesting, but the author did not investigate the efficiency of the hospital in the area of their input and output which may leave most decision making at a crossroad.
Aliasghar, Mehdi and Ulf-G (2013) investigated the Frontier-based techniques in measuring hospital efficiency in Iran using systematic review and meta-regression analysis. A total of 43 efficiency scores from 29 studies were retrieved and used to approach the research question. The result showed that the pooled estimate of mean TE is 0.846 (±0.134). The features of frontier-based techniques had a profound impact on the efficiency scores among Iranian hospital studies. Despite their findings, the study suffers from major methodological deficiencies and is of sub-optimal quality, limiting their validity and reliability. It is suggested that improving data collection and processing in Iranian hospital databases may have a substantial impact on promoting the quality of research in this field which the study ignored.
Sheikhzadeh, Roudsari, Valudi, Ali and Dastgiris (2012) examined the efficiency of public and private hospital services reform using Data Envelopment Analysis to Measure Technical, Scale, Allocative, and Cost Efficiencies of East Azerbaijani Province of Iran. The approach is also employed in order to recognize and suggest the best practice standards. Their findings revealed that among the six inefficient hospitals, 2 (33%) has a technical efficiency score of less than 50% (both private), 2 (33%) between 51 and 74% (one private and one public) and the rest 2(33%) between 75 and 99% (one private and one public). It concludes that the public hospitals are relatively more efficient than private ones. The study however did not determine the technical efficiency change and productivity in the hospitals.
Pham (2011) studied the relative efficiency and productivity of hospitals in Vietnam during the health reform process. Data envelopment analyses method (DEA) with the input‐oriented variable‐returns‐to‐scale model was used to calculate the efficiency scores. Malmquist Total Factor Productivity (MTFP) index approach is then employed to calculate productivity of hospitals. Data of 101 hospitals is extracted from databases of the Ministry of Health, Vietnam from the years 1998 to 2006. There is evidence of improvement in overall technical efficiency from 65 per cent in 1998 to 76 per cent in 2006. Hospitals' productivity progress is around 1.4 per cent per annum, which is mainly due to the technical efficiency improvement. Furthermore, provincial hospitals are more technically efficient than their central counterparts and hospitals located in different regions perform differently. The aspect of cost and allocative efficiency is however not examined which would have ensured a better result.
Dimas, Goula and Soulis (2012) used Malmquist DEA to examine the efficiency and productivity of 22 Greek public general hospitals for the period 2003-2005. The inputs employed include number of beds, total personnel salary, and total expenditure on medicines, supplies and other materials. The outputs included number of patient-days, number of patients in the outpatient department, and number of emergency cases. In 2003/2004 the MTFP was 1.02, depicting a 2% productivity growth; which was attributed to a 5% increase in innovation Technical efficiency (TECH) = 1.05 and a 1% decline in efficiency change (EFFCH)with a value of 0.99. The latter was due to Pure Efficiency Change (PECH) of 0.97 and Scale Efficiency Change (SECH) of 1.02. In 2003/2005 hospital productivity declined by 5% (MTFP = 0.95) due to decrease in efficiency of 4% (EFFCH = 0.96) tempered by a 2% increase in innovation (TECH = 1.02). The efficiency regress is attributed to PECH of 0.98 and SECH of 0.99.
Paolo, Giuditta, Gianmana and Johansen (2010) examined the effects of some distortions induced by the prospective payment system, that is up-coding, cream skimming and readmissions, on hospitals' technical efficiency. They estimate a production function using a population-based dataset composed by all active hospitals in an Italian region during the period 1998–2007. Their findings revealed that cream skimming and up-coding have a negative impact on hospitals' technical efficiency, while readmissions have a positive effect. Moreover, the results indicate that private hospitals engage more in cream skimming than public and not-for-profit ones, while they observe no ownership differences regarding up-coding. Not-for-profit hospitals had the highest readmission index. Last, not-for-profit and public hospitals have the same efficiency levels, while private hospitals have the lowest technical efficiency. They concluded that the public sectors were more efficient than the private sector in the healthcare delivery. However, the study failed to look at the implication of sizes of the hospitals and the productivity growth.
Frohloff (2007) estimated the cost and technical efficiency of German Hospital using a stochastic frontier analysis. The study is the first to investigate both technical and cost efficiency of more than 1500 German general hospitals. The empirical results for the years from 2000 to 2003 indicate that private and non-profit hospitals are less costly and technically efficient than publicly owned hospitals. According to him, the explanation for the result may be that German private and non-profit hospitals produce at a longer average length of stay and, thereby a higher cost per case than public institution due to the incentives provided by reimbursement schemes until 2004. However, the study neglects the aspect of the data envelopment analysis which would have been used to confirm which of the health care providers, private or public is more efficient. In terms of allocative efficiency and cost efficiency the study failed to determine which of the sector is more efficient in the aspect of cost and allocation.
Dash (2009) applied Malmquist DEA to study productivity of 29 district headquarters hospitals in India during the years 2002 to 2007. The inputs were number of beds, number of nursing staff, and number of physicians (Surgeon). The outputs were number of inpatients, number of outpatients, number of surgeries undertaken, emergency cases handled, medico legal cases, and deliveries. The hospitals have a MTFP value of 1.2358, EFFCH of 1.15, and TECH of 1.07. Therefore, the 23.6% hospital productivity growth is explained by a 15% improvement in efficiency combined with a 7% increase in innovation.
Gannon (2008) applied Malmquist DEA on samples of 6 regional, 8 general and 22 country hospitals in Ireland for the period 1995 to 1998. The inputs used are number of beds and full-time equivalent (FTE) people employed. The outputs included number of discharges and deaths, outpatient attendances, and day cases. The study reveals that regional hospitals have MTFP of 1.028, EFFCH of 0.994, and TECH of 1.034. The general hospitals have EFFCH equal to 0.999, TECH equal to 1.013 and MTFP equal to 1.012. The country hospitals had EFFCH of 1.005, TECH of 0.992 and MTFP of 0.997. Therefore, on average the productivity of both regional and general hospitals improved while that of county hospitals declined between 1995 and 1998.Although the study places more emphasis on the growth of the hospital but failed to determine the cost and allocative efficiency of both the general and country hospitals in Ireland.

Kim – Huong and Coelli (2009) examined quantifying the effects of modeling choices on hospital efficiency measures in Australia from 1987 to 2008. A meta-regression model is used to investigate the degree to which differences in mean efficiency estimates can be explained by factors such as: sample size; dimension (number of variables); parametric versus non-parametric method; returns to scale (RTS) assumptions; functional form; error distributional form; input versus output orientation; cost versus technical efficiency measure; and cross-sectional versus panel data. Sample size, dimension and RTS are found to have statistically significant effects at the 1% level. Sample size has a negative and diminishing effect on efficiency; dimension has a positive (and diminishing) effect; while the imposition of constant returns to scale has a negative effect. The methodology employed in the study however, did not look at the level of productivity growth in the hospital which would have been able to determine the total factor productivity of the hospitals.
Barros, Antonio, Jose, Nicolas and Bernardim (2007) explored productivity change of 51 hospitals in Portugal using both the Luenberger indicators and the Malmquist index during the years 1997 to 2004. The inputs include number of beds, number of full-time equivalent personnel, and total variable costs. The outputs are cash flows (number of persons that leave the hospital), length of stay, number of consultations, and number of emergency cases. The Luenberger indicator is 0.008, EFFCH is -0.001 and TECH is 0.009. On the other hand, the MTFP is 1.042, EFFCH is 1.036 and TECH is 0.995. The Malmquist DEA results imply that on average productivity of the hospitals under consideration grew mainly due to improvement in efficiency.
Mathiyazhgan (2006) highlighted the cost efficiency of public and private hospitals in Karnataka state in India. Efficiency is estimated through parametric as well as nonparametric DEA method. The findings indicate that the choice of econometric approach did not make any significant difference in the results and they are robust. The analysis infers that hospitals (both public and private together in the analysis) are cost inefficient in the state, which is due to technical and allocative system of resources of the hospitals. The private hospitals appear relatively less inefficient than the public hospitals and that the main determinants of the technical and allocative inefficiencies of the public hospitals are due to inappropriate interventions of inpatient days care, share of medical personnel, bed capacity, quality indices and choice of the location, while in the case of private hospitals, it relates only to bed capacity and quality indices. However, the study failed to compare the result with the aspect of growth in their productivity for both the private and public hospital.
Ouellete and Vierstraete (2004) evaluated productivity changes of emergency units of 15 hospitals in Montreal, Canada between 1997-1998 and 1998-1999 using Malmquist DEA. The inputs used include non-physician hours worked, expenditure on furniture and equipment, number of stretchers, and full time equivalent number of physicians. The output is number of cases. The study found that overall mean MTFP is 0.92, EFFCH is 0.94 and TECH is 1.05. The 8% decrease in productivity is primarily attributed to a decrease in efficiency.
Zavras et al (2002) utilized DEA to compute the relative efficiency of primary health care centers in Greece. Evidence from their reports indicates that health centers with infrastructure to perform laboratory and/or slightly advanced services as radiographic examinations shows higher efficiency scores, however, the health centers with population coverage of 10,000 to 50,000 persons are found in the study to be the most efficient. In the same vein Kontodimopoulous and Niakas (2006), investigates a set of hospital-health centers (HHCs) using DEA and found that location seemed to affect the efficiency of hospital health centers. Accordingly, facilities located in remote areas are found to be more inefficient. Despite their findings, they fail to examine the implication in the area of cost. This would have brought out thorough evidence in the area of efficiency as most patients also consider the cost they will pay to achieve their needs. 
Sherman (1984) writes one of the founding articles on efficiency utilizing the DEA methodology on U.S. hospitals. The study examined teaching hospitals and includes nurses and interns trained as well as patient days as outputs. It compares the results of traditional ratio and regression analysis as well as DEA and found that DEA is a useful tool for the evaluation of resources among health care organizations and can lead to improved hospital efficiency and reductions in health care costs. It further suggests that DEA technique can help to overcome limitations of traditional regression analysis and provide a more comprehensive measure of hospital efficiency. In the same vein, Chirikos and Sear (2000) compared the results of estimating hospital efficiency obtained by the use of SFA and DEA. Using a pooled cross-section and time series data of 186 hospitals from Florida State in the United States of America, for the period 1982 to 1993, they found the mean efficiency level from SFA as 82.0%, and from DEA with constant returns to scale, as 80.1%. However, both studies fail to examine the area of the private sectors which is an important sector that supply health care services but only concentrated on the teaching hospitals for which one may not likely know whether the healthcare providers in the country are efficient. 
[bookmark: _Toc514203688][bookmark: _Toc514204445]2.5.2.	Studies on Africa aside Nigeria
Specific studies on the continent of Africa aside from Nigeria have applied different methodologies to estimate the efficiency of health care delivery services. For example, Bwana and Raphael (2015) examine the technical efficiency of private teaching hospitals in Tanzania using Data Envelopment Analysis method in a sample of 18 teaching hospitals between 2009 and 2013. The study reveals that out of 18 teaching hospitals, only 4 (22.3%) is operating close to technical efficiency with average level of technical efficiency ranging between 92% and 98%. The remaining 14 hospitals are operating far from efficiency frontier. Overall mean scale efficiency was found to be 82.4%. With support of DEA, this study has revealed inefficiency in the use of scarce health care resources in teaching hospitals in Tanzania. The study however, ignores the private hospital but concentrated solely on the teaching hospital which may not be a good method to determine the hospital efficiency in the country.
Hassan, Norashidah, Zaleha and Peter (2015) employed stochastic frontier analysis to determine the level of efficiency of health-care expenditure using three health outputs among low- and middle-income countries in Africa, from 2002–2011. The technical efficiency result showed that; among the health outcomes estimated, life expectancy at birth recorded higher efficiency among both low and middle-income African countries, while Anti-retrieval was the least efficient outputs. The study also calculates the expenditure savings when maximum efficiency is attained, where the average was 0.21 % and 0.29% of GDP for low and middle-income countries respectively. The study recommends that governments should improve not only health care expenditure but also factors affecting health other than health care to reduce the burden on health-care facilities and reduce the burden of disease in the region. However, the study concentrates on only one methodology which may be biased. 
Jehu – Appiah et al. (2014) used data envelopment analysis (DEA) and Tobit model to estimate the efficiency of 128 hospitals comprising of 73 government hospitals, 42 mission hospitals, 7 quasi-government hospitals and 6 private hospitals in Ghana. In the DEA analysis, using the variable returns to scale model, out of 128 district hospitals, 31 (24.0%) are 100% efficient, 25 (19.5%) are very close to being efficient with efficiency scores ranging from 70% to 99.9% and 71 (56.2%) have efficiency scores below 50%. The lowest-performing hospitals have efficiency scores ranging from 21% to 30%. Quasi-government hospitals have the highest mean efficiency score (83.9%) followed by public hospitals (70.4%), mission hospitals (68.6%) and private hospitals (55.8%). However, public hospitals also get the lowest mean technical efficiency scores (27.4%), implying they have some of the most inefficient hospitals. Regarding regional performance, Northern region hospitals have the highest mean efficiency score (83.0%) and Volta Region hospitals have the lowest mean score (43.0%). From the Tobit regression, they found out that while quasi-government ownership is positively associated with hospital technical efficiency, private ownership negatively affects hospital efficiency. The study however did not examine the implication of cost which would have been carried out using SFA. This would have enhanced a good result to decide which of the health care providers is more effective.
Abou El – Seoud (2013) investigated the efficiency of public hospitals that have been reformed to operate under private sector management in Saudi Arabia. The study applies Data Envelopment Analysis (DEA) on the sample of reformed hospitals based on the ministry of health data for 2011. Result reveals that although the Saudi government achieved many positives results such as: attracting the excellence human resources, increasing the level of government health services, attracting national capital to the health sector, and reducing the administrative burden of the government sector, there are (60%) of the public hospital sampled that did not achieve relative efficiency due to policy inconsistency, instability of government reforms and government institutions and incredibility on the part of the government. The study concludes that Public hospitals reform requires close coordination between policy design and implementation, and a matching of the scale and pace of reform to the capacity for implementation.
Zamo – Akono, Ndjokou and Song – Ntamaek (2013) examined the institutions and hospital efficiency in Cameroon using DEA analysis. The study employs data from 54 peripherals public health centre (PHC) from the Cameroon 2004 PETS to examine the extent to which the observed performances of the health sector are related to the institutional reforms. It reveals that the average technical efficiency score is around 0.7098 and that urban PHC perform better than rural ones. They also find that compact failures have a deterrent effect on the technical efficiency of these PHC and that client-power is an effective way of overcoming these government failures. As competition between public and private healthcare facilities have negative effects on PHC performances. The study thus calls for institutional mechanisms that will reduce sorting, promote equal access to quality healthcare services between rich and poor people, and advocates for the participation of the local population in the management of PHC.
Kirigia and Asbu (2013) estimated the performance of 28 municipal hospitals in Angola using Malmquist DEA during the period 2000-2002. The inputs include the number of physicians plus nurses, number of beds, and expenditures on pharmaceutical and non-pharmaceutical supplies. The hospitals were assumed to produce two outputs, i.e. number of OPD visits and inpatient admissions. The municipal hospitals productivity grows by 4.5% (MTFP = 1.045). That growth is attributed to an average efficiency improvement of 12.7% (EFFCH = 1.127) and a technological regress of 7.3% (TECH = 0.927). The improvement in EFFCH is due to a 5% increase in PECH (PECH = 1.050) and a 7.3% increase in SECH (SECH = 1.073).
Varabyova and Schreyogg (2013) examined the comparison of the technical efficiency of the hospital sector using unbalanced panel data from OECD countries over the period 2000–2009. The estimation of the technical efficiency of the hospital sector is performed using nonparametric data envelopment analysis (DEA) and parametric stochastic frontier analysis (SFA).  The study assesses the internal and external validity of findings is assessed by estimating the Spearman rank correlations between the results obtained in different model specifications. The panel-data analyses using two-step DEA and one-stage SFA show that countries, which have higher health care expenditure per capita, tend to have a more technically efficient hospital sector. Whether the expenditure is financed through private or public sources is not related to the technical efficiency of the hospital sector. On the other hand, the hospital sector in countries with higher income inequality and longer average hospital length of stay is less technically efficient.
Andrew (2012) examined whether for-profit hospitals are more efficient than non-profit hospitals in Zimbabwe using data envelopment analysis and the Tobit model. DEA findings revealed that there is a marked deviation of efficiency scores from the best practice frontier with for-profit hospitals having the highest mean overall technical efficiency (OTE) score of 61.4%. The mean OTE scores for mission and public hospitals are 35% and 50.3% respectively. Evidence from the second stage, Tobit model suggests that while both for-profit hospitals and government hospitals are both important in influencing efficiency, for-profit hospitals had a higher marginal mean efficiency score than government hospitals. The study however made use of only one methodology which may be biased. Hence, comparing the result with SFA would have shown the reliability of the outcome of the study.
Kock and Slabbert, (2012) used SFA to estimate the technical efficiency of specialist surgeon practices based in Gauteng Province, South Africa. Using a single and multiple output production functions in a framework of fixed effects models, they suggest that efficiency averages around 50% for this sample and is convex in years of surgical experience. The authors acknowledged the shortcomings in data used but conclude that specialty surgeons in Gauteng are wasting resources, even though the results suggest that resources could be more appropriately allocated in the province.
	Masiye (2007) examined the Zambian health system performance using the DEA methodology. Data gathered from 30 hospitals on institutional expended resources and output profiles indicates that Zambia hospitals are operating at 67 percent level of efficiency: which implies that significant resources are being wasted in the Zambian health system. Forty percent of the hospitals investigated are found to be efficient. However, input congestion and size of the health facilities are found to be a major source of the inefficiency observed in the health system.
	Osei, et al (2007) investigated the technical efficiency of public districts hospital in Ghana, reflects a more comprehensive view of hospital functions. The output variables employed in the study distinctively captures preventive care variables as hospital output. The study employed ante natal care, family planning, immunization, growth monitoring with number of separations as input while using number of beds and number of staff as proxy for inputs. His inclusion of preventive care activities as an input provided a different and more realistic view of hospital outputs.
Zere, McIntyre and Addison (2001) used Mamquist DEA to assess changes in productivity between 1992/93 to 1997/98 in 10 acute care hospitals in the Western Cape Province of South Africa. The hospitals are assumed to use recurrent expenditures and beds to produce outpatient visits and inpatient days. The mean Malmquist total factor productivity change (MTFP) score is 0.879, efficiency change (EFFCH) score is 0.984, and technical change (TECH) score is 0.893. The decrease in Western Cape Province hospitals productivity was attributed to 1.6% regress in efficiency and 10.7% decline in technological innovation.
Daniel, Grosh, Coady and Lop (2005) examined technical efficiency of public district hospitals and health centers in Ghana using a pilot study. The Data Envelopment Analysis (DEA) approach was used to estimate the efficiency of 17 district hospitals and 17 health centers.  Their study reveals that Eight (47%) hospitals are technically inefficient, with an average TE score of 61% and a standard deviation (STD) of 12%. Ten (59%) hospitals are scale inefficient, manifesting an average SE of 81% (STD = 25%). Out of the 17 health centers, 3 (18%) are technically inefficient, with a mean TE score of 49% (STD = 27%). Eight health centers (47%) are scale inefficient, with an average SE score of 84% (STD = 16%). They conclude that there is a need for the Planning and Budgeting Unit of the Ghana Health Services to continually monitor the productivity growth, allocative efficiency and technical efficiency of all its health facilities (hospitals and health centers) in the course of the implementation of health sector reforms. However, the study fails to examine this in the private sectors to see the implication in this area and also neglected the use of SFA but concentrates only on the result from DEA for which the result may not be the same. 
	Renner (2005) applied data envelopment analysis to measure both the technical and scale efficiency of a sample of public peripheral units in Sierra Leone. The study reveals that 59 percent of the 37 peripheral health units are technically inefficient and 65 percent been scale inefficient. The implication of these inefficiencies in the health systems of African countries lies in the limitations it imposes on government in extending care accessibility to the population.
	Razzaq, Chaudhary and Khan (2014) employed DEA to measure the efficiency of basic health units by comparing developed and deprived region in Iran. The study found no significance difference of operational efficiency across both region. Osei,et al (2005) carried out a pilot study  based on  data from  public health centers and 17 public hospitals in Ghana. The study indicates that 47 percent of the hospitals are technically inefficient and ten (10) or 59 percent of these are scale inefficient. Furthermore, of the 17 health centers studied, 18 percent are found to be technically inefficient with 8 health centers been scale inefficient. The sample size of the health facilities on both sides of hospital and health centers is deemed too small to permit generalization of the result from the study for the whole country. Another study is conducted based on a larger sample size. 
	
	Thakke, Chandra and Thupeng (2003), in their study of hospital efficiency in Botswana presented the relative efficiency indices for the services rendered by health districts and specific hospitals in Botswana. The study which covers 22 health districts and gathered data on 13 hospitals combined stochastic frontiers analysis and data envelopment analysis in analyzing the efficiencies of the facilities studied. Indeed, this study stands out as the only one to have used the two methodologies, even though data envelopment analysis is considered superior. Result of the analysis indicates that three districts have efficiency score of less than one, that is, inefficient.  The study fails to determine whether the inefficiency is in the public hospital or the private hospital.
Kirigia, Sambo and Scheal (2001) examined the performance assessment method for hospitals in Angola using municipal hospitals. The study found that of the eight, forty-seven percent (47%) of the hospitals sampled in the country are technically inefficient with an average efficiency score of 61% with a magnitude of scale inefficiency of 59%. In the same vein, Renner et al., (2005) reveal that twenty-two (59%) of the 37 health units studied are found to be technically inefficient, with an average score of 63%, and further analysis reveal that 24 (65%) of the health units are found to be scale inefficient, with an average efficiency score of 72% in Sierra Leone.
	Zere (2000) investigated hospital efficiency in South Africa with DEA and DEA based Malmquist Productivity index. The study made use of recurrent expenditures, beds and nursing staff as their inputs in the DEA model while outpatients visit and inpatient days are used as the model’s output. Findings from the study suggests the presence of substantial degree of pure technical and scale efficiency with increasing returns to scale as the predominant form of inefficiency observed. The study however, fails to compare the private and public healthcare providers. Moreover, the study fails to examine the efficiency of the hospitals in terms of allocative, cost and technical efficiency.
2.5.3.   Studies on Nigeria
In Nigeria, only few studies on the efficiency of hospitals have been carried out. Ichoku, Fonta, Onwujekwe and Krigia (2014) used the translog production function version of the stochastic frontier (SFA) model to estimate the efficiency levels of individual hospitals and the determinants of inefficiency in Nigeria. The results indicated large variations in the efficiency scores of sampled healthcare facilities with average efficiency of 71%. Private hospitals showed greater level of efficiency than public ones. The average scale elasticity was also found to reflect constant returns to scale. The results suggest that large social welfare gains could be made by improving the efficiency of hospitals in low income countries. 
Umeano – Enemuoh, Onwujekwe, Uzochukwu and Ezeoke (2014) examined Patients’ Satisfaction and Quality of Care in Tertiary Institution in South-east Nigeria using the test of mean score. A cross sectional study for 360 systematically selected participants completed 5-point likert scale self-administered questionnaire to rate their satisfaction level and quality of services provided, as well as factors of importance where best service is provided. Overall, participants are quite satisfied (Mean score = 3.75) with the services provided by the different service providers. Respondents also indicated that overall the quality of care of the health facility is good (mean score = 3.45). Pharmacy received the highest satisfaction level with a mean rating of 4.1. Over a third participant (38%) rated the services provided by the doctors as best despite giving the highest quality ratings with a mean of 3.9 to pharmacy compared to mean ratings of 3.4 for the doctors. Respondent’s greatest displeasure is with the time spent at the facility as 63.9% of them are displeased. More than a third (36.9%) is most pleased with information given to them as a factor of importance. Participants are quite satisfied with the services provided as well as the quality of care by the different service providers of the health facility. There is a need for interventions in terms of time spent at the facility which would promote good customer focused service delivery.
Ichoku, et al. (2013) examined the technical and scale efficiencies in hospitals in low income countries using Nigeria as a case study. The study uses primary data sample of 200 hospitals to estimate technical and scale efficiencies using the Data Envelopment Analysis (DEA). The results clearly indicate large variation in the efficiency of hospitals with average efficiency score of about 59% under the constant returns to scale assumption and about 72% under variable returns to scale. This raises some concerns about the level of technical and scale efficiencies in utilization of scarce health resources in the hospital sector particularly in low income countries. Although the result is interesting, evidence shows that the SFA approach is not tested. 
Polsa, Wei, Saaksjani and Shuyuan (2011) compared the perceived quality of private and public health services in Nigeria focusing on Lagos. The results show distinctly positive perceptions of the service quality provided by both healthcare systems. However, when high-level hospitals are excluded, the scores for the private hospitals are higher. These findings are in line with earlier studies on hospitals in developed countries, but differ from previous findings on healthcare in developing countries.
 Akpan and Riman (2012) utilize the multivariate analytical tool to describe the relationship that exists between health care financing, health facility utilization and health outcome in Nigeria. The focus of this research is on women who are of child bearing age and who had given birth to at least one child within the past five years. The study adopts the stratified sampling technique comprising of two rural Local Government Areas and one Urban Local Government Area in Cross River State, Nigeria. The study demonstrates that the high levels of infant mortality and morbidity rate is associated with the high incidence of out-of-pocket payment, and the wide disparity and inequality in income distribution. The study further observes a disproportionate disparity in the spatial distribution of health facilities, with concentration of health facilities at the urban areas rather than the rural areas, which of course contributed to the poor service demand. The studies therefore recommend among other things the review of the current Federation revenue distribution formula, with emphasis given to the Local Government Areas (who are the principal institution responsible for primary health care in Nigeria) and the speedy implementation of the National Health Insurance Scheme (NHIS).
Abodunrin, Bamidele, Olugbenga – Bello and Parakoyi (2010) examined the preferred choice of health facilities for healthcare among adult residents in Ilorin metropolis, Kwara State, Nigeria. A descriptive cross-sectional study, pre-tested semi-structure questionnaire was administered to 366 adults selected through a multi-stage sampling technique in Ilorin metropolis. Data collected were analyzed using Epi Info software version 3.4.1 and level of significance set at p < 0.05. The preferred health facility for medical care was private hospitals (35.2%) followed by pharmaceutical store (27.9%) and 17.0% for general/teaching hospitals and only 12.3% for primary health care (PHC). Quick service and availability of drugs are the major reasons for their preference which are said to be better in private hospitals. Sex, marital status, educational status, occupation and city area where the respondents’ dwellers are all associated with the preferred choice of health facility for care. This study showed that the private sector is preferred to the public ones with regards to receiving healthcare and that within the public sector, the higher levels of health facilities are preferred to the primary health care centers. Improving the image and performance of the public health facilities especially the PHC is very important for appropriate utilization of health services.
Davwar and Wajiga (2010) explore the value judgment in Data Envelopment Analyses (DEA) of the secondary health care in Plateau state, Nigeria. The study focuses on measuring the Technical efficiency of Hospitals operating in Plateau State taking into consideration Management Preferences (value judgment) using DEA. The study used Microsoft Excel Solver for the DEA analysis and found that the poor health status of the state is not attributable to the Secondary Health Care system only. The study thus recommends among others that Plateau State Government should consider subsidizing the cost of services of her hospitals to encourage patronage from the catchment community who obviously resort to finding substandard help from quacks and other private operators. 
Onwujekwe, et al (2010) examine the determinants of out-of-pocket spending and the strategies clients adopt towards coping with payments for healthcare in southeast Nigeria through selected six communities from two states to represent the health status of the Nigeria population. This study is criticized for it hasty generalization and misrepresentation of facts. While noting the lean sample size adopted for the study, the study did not also consider the size and quantity of statutory revenue allocation to the federating states in Nigeria from the federation account which is a major determinant of health care expenditure. It is expected that the measure of allocation received by state government from federation account should also determine the amount of expenditure on health, with states that receive higher allocation from the federation account performing better.
Ademiluyi and Aluko – Arowolo (2009) examine the biomedical or western orthodox healthcare with its expansive bureaucratic ethos within the context of hospital structures in Nigeria. The study observes that from the colonial period, the distribution of medical care delivery in Nigeria has favoured the urban population at the expense of the rural settlers and that the health services in the country has tended to be placed specifically on three pedestals of primary, secondary and tertiary health institutions for rural, mixed population and urban elite respectively. Also, in terms of infrastructural distribution of healthcare, the rural areas (that is, the rural majority) in Nigeria are being neglected to satisfy the urban areas, where the educated, the rich and government functionaries reside. However, the study fails to see the implication and effectiveness if both private and public hospitals are compared.
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There are significant bodies of both empirical evidence and professional judgment as to what determines variations in ‘efficiency’ across hospitals. Measures of ‘efficiency’ in the literature vary widely, ranging from ‘crude’ measures (lacking quality adjustment), such as operating profit or loss and average cost per case across the hospital, adjusted for health care resource.
	Efficiency in a particular hospital is often measured relative to that in a benchmark hospital (or group of benchmark hospitals), which appears to be most efficient.In Nigeria, the determinants of hospital efficiency are many and can be sought both within hospitals and in their external environment.  Figure 2.7 shows the structure of the determinants of hospital efficiency.
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Source: Hurst and William (2012)
Figure 2.6 above shows that hospital efficiency which depends on the ratio between outputs and costs lies at the center of the figure.  The figure shows that the determinants of efficiency depend on the external environment, hospital management and hospital processes.
On the aspect of external environment, this is shown in the outermost concentric ring the determinants of efficiency in the hospital are based on the financial pressure, technological change, the degree of competition, payments methods and the external performance managements. Scholarly explorations have shown that some of these factors are associated with higher hospital productivity. The second circle shows the hospital management. This also comprises of the leadership style, management and organizational culture, the clinician engagement, the rate of adoption of cost effective as well as affordable technological change and the techniques been employed by the hospital in the treatment of patients. The next on the circle in the figure is the hospital process. This aspect of the determinants of hospital efficiency is based on the length of stay of a patient in the hospital, the number of inpatient in a day, the quality of the staff strength and the level at which harm are avoided. Hospitals in which all the above are performed effectively will have the quality and efficient staff strength which will ensure efficiency in their provision of healthcare facilities. 
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A health system, also sometimes referred to as healthcare system, is the organization of people, institutions, and resources that provides health care services to meet the health needs of target populations.  According to the Organization for Economic, Cooperation and Development (OECD, 2012) a good health system must deliver quality services to all people, when and where they are needed. The exact configuration of services varies from country to country, but in all cases, requires a robust financing mechanism; a well-trained and adequately paid workforce; reliable information on which to base decisions and policies; well-maintained facilities and logistics to deliver quality medicines and technologies.
	A “system” can be understood as an arrangement of parts and their interconnections that come together for a purpose. However, what sets apart a health system from others is that its purpose is concerned with people’s health. A health system has many parts. In addition to patients, families, and communities, Ministries of Health, health providers, health services organizations, pharmaceutical companies, health financing bodies, and other organizations play important roles. The interconnections of the health system can be viewed as the functions and roles played by these parts. These functions include oversight (e.g., policymaking, regulation), health service provision (e.g., clinical services, health promotion), financing, and managing resources (e.g., pharmaceuticals, medical equipment, information and so on). Describing the parts, interconnections, and purpose, Roemer, Mustapha and Hopkins (1968) define a health system as “the combination of resources, organization, financing and management that culminate in the delivery of health services to the population.” The World Health Organization (2000) redefined the main purpose in its definition of a health system as “all activities whose primary purpose is to promote, restore, and maintain health.” In recent years, the definition of “purpose” has been further extended to include the prevention of household poverty due to illness. 
Many factors outside the health system influence people’s health, such as poverty, education, infrastructure, and the broader social and political environment. Because they are open to influence from outside, health systems are known as open systems. A health system’s many parts operate at many levels. Smaller systems may be self-contained and have limited scale and scope, such as those involved in running a clinic or a managing a health information system. Larger systems might involve the coming together of various smaller systems (e.g., clinics, hospitals, health promotion programs) to provide coherence at community or national level. Given the purpose, scale, and scope of a country’s health system, it is not effectively controlled centrally, and changes in a system are not predictable in great detail (even if some parts of the system appear to behave predictably). This is partly because people and organizations innovate, learn, and adapt to change and partly because reorganization occurs continually in health systems in both formal and informal ways. Understanding health systems as complex adaptive systems has important implications for approaches to influencing health systems to produce better health outcomes, or to do so in a more efficient or equitable manner.
Nigeria operates a Federal System of Government with three levels; the federal, state, and LGAs/Councils. There are 774 LGAs within the 36 states and Federal Capital Territory (FCT) Abuja. The 774 LGAs are further sub-divided into 9,565 wards. The states and FCT are grouped into six geo-political zones: the South-south, South-east, South-west, North-east, North-west, and the North central. The 774 LGAs are the constitutionally-designated provider of PHC. However, they are the weakest arm of the health system. There are about 25,000 PHC facilities nationwide with a population to health facility ratio of about 5,600 residents to one. The Nigeria Ministry of Defense (NMOD) operates medical centers around the country which provide mostly secondary and tertiary care to both military personnel and civilians. In addition to the FMOH, the National Primary Health Care Development Agency (NPHCDA) - another centrally-funded agency - has the mandate to support the promotion and implementation of high quality and sustainable PHC at state and lower levels. The NPHCDA, in collaboration with state governments and LGAs, is active in development of community-based systems and functional infrastructure, as well as ensuring that women deliver in safe conditions and infants are fully immunized against vaccine-preventable diseases. The NPHCDA also implements the national campaign against polio and measles in collaboration with states. The National AIDS Control Agency (NACA), the National Malaria Control Program (NMCP) and numerous other health units at federal and state level have the lead in the development and implementation of policies, strategies, and high-impact programs that directly affect the survival and health of women and children. 
[bookmark: _Toc514203692][bookmark: _Toc514204449]2.8	Review of Methodology
Different research methodologies were adopted by different studies reviewed. This study has reviewed both qualitative and quantitative method that emanated from the literature so as to arrive at the appropriate method for the study. These include the Ordinary Least Square method (OLS), the Maximum Likelihood (ML), the Malmquist Productivity Index (MPI), the Baysian techniques, the Index number, the Stochastic Frontier Analysis (SFA) and the Data Envelopment Analysis (DEA). 
[bookmark: _Toc514203693][bookmark: _Toc514204450]2.8.1	Ordinary Least Square
One of the methodologies adopted by few researchers for evaluating efficiency in the health sector is the Ordinary Least Square (OLS) econometric technique also known as least square. While some of the studies adopt it directly to estimate the specified equations, others adopt it with either SFA or DEA. Ordinary least square was invented by Carl Friedrich Gauss (one of the world’s most famous mathematicians) in about 1795, and then rediscovered by Adrien-Marie Legendre (another famous mathematician) in 1805, making it one of the earliest general prediction methods known to humankind.
In statistics, ordinary least squares (OLS) or linear least squares is a method for estimating the unknown parameters in a linear regression model, with the goal of minimizing the differences between the observed responses in some arbitrary dataset and the responses predicted by the linear approximation of the data (visually this is seen as the sum of the vertical distances between each data point in the set and the corresponding point on the regression line - the smaller the differences, the better the model fits the data). The resulting estimator can be expressed by a simple formula, especially in the case of a single regressor on the right-hand side. The OLS estimator is consistent when the regressors are exogenous and there is no perfect multicollinearity, and optimal in the class of linear unbiased estimators when the errors are homoscedastic and serially uncorrelated. Under these conditions, the method of OLS provides minimum-variance mean-unbiased estimation when the errors have finite variances. Under the additional assumption that the errors be normally distributed, OLS is the maximum likelihood estimator.
In the health sector however, simple regression analysis entails the use of the method of least squares for estimating – among other statistical relationships between variables – production or cost functions and thereby for measuring relative efficiency within a sample of comparators. It is a method for fitting the “best” line to the sample and involves minimizing the sum of the squared deviations of actual observations from the fitted line. Few studies have applied OLS in studying hospital efficiency (see for examples Cambell and Agbiokoro, 2014; Gerdtham and Johsson (2000); Aliasghar et al. 2013 and so on)
The main attraction of regression analysis is that it is computationally easy and straightforward; it part of any statistical package and most spreadsheet softwares. An additional important advantage is that regression analysis being a parametric method provides pragmatic rules that can help in the formulation of a comprehensive strategy for deciding upon competing models of measuring relative efficiency.  It is easy to implement on a computer using commonly available algorithms from linear algebra. Its implementation on modern computers is efficient, so it can be very quickly applied even to problems with hundreds of features and tens of thousands of data points. It is easier to analyze mathematically than many other regression techniques.  It is not too difficult for non-mathematicians to understand at a basic level.  It produces solutions that are easily interpretable (i.e. we can interpret the constants that least squares regression solves for).  It is the optimal technique in a certain sense in certain special cases. In particular, if the system being studied truly is linear with additive uncorrelated normally distributed noise (of mean zero and constant variance) then the constants solved for by least squares are in fact the most likely coefficients to have been used to generate the data.
[bookmark: page19]However, the method has some weaknesses which includes lack of “degrees of freedom”, which refer to the difference between the number of available observations and the number of potential explanatory factors, multicollinearity which is a term that is used to describe a situation where the explanatory factors of the model are highly correlated,  the residual is not statistically independent of the explanatory factors, the explanatory factors are measured with error, which results in least squares estimators being biased and inconsistent, omitted variables, in which case the least squares estimators are most likely to be biased except from the occasion on which the omitted variable is uncorrelated with the included explanatory variables; and residuals are not normally distributed and thereby standard inferential procedure becomes invalid. 
[bookmark: _Toc514203694][bookmark: _Toc514204451]2.8.2	Index Number
An index number is defined as a real number that measures changes in a set of related variables. Conceptually, index numbers may be used for comparisons over time or space or both. Index numbers are used to measure price and quantity changes over time, as well as to measure differences in the levels across firms, industries, regions or countries. Price index numbers may refer to consumer prices, input and output prices, export and import prices, etc., whereas quantity index numbers may be measuring changes in quantities of outputs produced or inputs used by a firm or industry over time or across firms. Index numbers have a long and distinguished history in economics, with some of the most important contributions due to Laspeyres and Paasche, dating back to the late nineteenth century. The Laspeyres and Paasche formulae are still commonly used by national statistical offices around the world. But it is the work of Irving Fisher and his book, The Making of Index Numbers, published in 1922 that recognized the possibility of using many statistical formulae to derive appropriate index numbers. The Tornquist index is a formula that plays a major role in productivity measurement ( Coelli, et .al, 2005). 
Today, Index number methodology is not generally regarded as an efficiency modelling technique and has not been used for this purpose. However, if the sample size is large and all firms produce the same output and face the same input prices, the minimum observed cost in the sample can be regarded as an estimate of minimum cost. The index number that compares the cost of a particular firm with the cost of the cost-minimising firm is a measure of Constant Elasticity. Unfortunately, the conditions under which this measure is valid are unlikely to be met in practice.
[bookmark: _Toc514203695][bookmark: _Toc514204452]2.8.3 Maximum Likelihood
Maximum likelihood estimation begins with the mathematical expression known as a likelihood function of the sample data. Loosely speaking, the likelihood of a set of data is the probability of obtaining that particular set of data given the chosen probability model. This expression contains the unknown parameters. Those values of the parameter that maximize the sample likelihood are known as the maximum likelihood estimates.
The advantages of this method are based on the fact that it provides a consistent approach to parameter estimation problems. This means that maximum likelihood estimates can be developed for a large variety of estimation situations. For example, they are useful in reliability analysis to censored data under various censoring models. The methods have desirable mathematical and optimality properties. Specifically, they become minimum variance unbiased estimators as the sample size increases and they have approximate normal distributions and approximate sample variances that can be used to generate confidence bounds and hypothesis tests for the parameters. Moreover, several popular statistical software packages provide excellent algorithms for maximum likelihood estimates for many of the commonly used distributions. This helps mitigate the computational complexity of maximum likelihood estimation. 
The weaknesses of the method fall in the fact that equations need to be specifically worked out for a given distribution and estimation problem. The mathematics is often non-trivial, particularly if confidence intervals for the parameters are desired. The numerical estimation is usually non-trivial. Except for a few cases where the maximum likelihood formulas are in fact simple, it is generally best to rely on high quality statistical software to obtain maximum likelihood estimates. Fortunately, high quality maximum likelihood software is becoming increasingly common. Maximum likelihood estimates can be heavily biased for small samples. The optimality properties may not apply for small samples.  Maximum likelihood can be sensitive to the choice of starting values. 
[bookmark: _Toc514203696][bookmark: _Toc514204453]2.8.4	Malmquist Production Index
The theoretical grounds of the Malmquist index originate from 1953 from Sten Malmquist who introduced this productivity index after whom is also named. The Malmquist index is often referred as productivity index has to do with the production function or a function of maximum possible production using inputs (labour and capital). The Malmquist index was introduced by Caves et al. (1982). They assume that each firm operates in the production function. They want to introduce a productivity index that will allow us to compare two different firms either operating at the same year or in different time periods. 
Fare et al (1997) apply the theory of Malmquist index and they decomposed it in efficiency change and technological change. The Malmquist index assumes constant returns to scale. Grosskopf, Margaritis & Valdmanis (2004) propose that decomposition of Malmquist index depends on the question we are asking.   
The properties of the method are that it can be decomposed into efficiency change and technical change. Malmquist productivity index is the same as the Hicks-Moorsteen index if the technology exhibits global constant returns to scale and inverse homotheticity. Output-orientated and input-orientated Malmquist indexes coincide if the technology exhibits constant returns to scale. The Malmquist Productivity index does not adequately account for scale change.  The Malmquist productivity index does not satisfy transitivity property. 
[bookmark: _Toc514203697][bookmark: _Toc514204454]2.8.5	The Bayesian Analysis
Another method used in evaluating efficiency in the health sector is the Bayessian analysis. Bayesian analysis is a statistical procedure which endeavors to estimate parameters of an underlying distribution based on the observed distribution. In health and health related studies. It is regarded as a decision analysis which permits the calculation of the probability that one treatment is superior to another based on the observed data and prior beliefs. In Bayesian analysis, subjectivity is not a liability, but rather explicitly allows different opinions to be formally expressed and evaluated. Its strength lies on the fact that it allows fitting complex models without resorting to large sample approximation and the answers have simple interpretation.
[bookmark: _Toc514203698][bookmark: _Toc514204455]2.8.6	Stochastic Frontier Analysis
Stochastic Frontier Analysis (SFA) is another method that is highly used in the literature for the study of efficiency in hospitals. It assumes that cost may be modeled as a function of variables with an associated error term that has two parts: noise and efficiency. SFA was first introduced  by Aigner, Lovell, and Schmidt (1977). It is a parametric methodology which adopts an econometric approach. The econometric approach specifies a production function and normally recognizes that deviation away this given technology (as measured by the error term) is composed of two parts, one representing randomness (or statistical noise) and the other inefficiency.  The main problem in measuring inefficiency is to separates genuinely inefficient behavior from other random factors affecting costs or profits. The SFA proposes that the observed costs of a hospital may deviate from the costs frontier either because of random fluctuation’s or because of inefficiency.
The random error term is generally thought to encompass all events outside the organization, including both uncontrollable factors directly concerned with the “actual” production function (such as difference in operating environments which are exogenous and therefore outside the control of the production system) and econometric errors (such as misspecification of the production function and measurement error). The SFA requires that the sample size be sufficiently large to avoid problems degrees of freedom. The efficiency measures are computed in terms of the distance that lies between the observation and the estimated function. The Stochastic Frontier may be estimated by Maximum Likelihood or OLS in a cross section. However, Aigner and Schmidt (1977) observed that when panel data are available there is no need to specify a particular distribution for inefficiency effects, and measures of technical efficiency are obtained relative to the most efficient firm/hospital. Panel data estimators are preferred as they are less likely to yield biased estimates of the parameters of inputs due to omitted variables and require fewer distributional assumptions about the deterministic error.
[bookmark: _Toc514203699][bookmark: _Toc514204456]2.8.7	Data Envelopment Analysis
DEA is a non - parametric linear programming (LP) method that is developed firstly by Charnes, et al. (1978) and aims to analyze relative efficiencies of Decision Making Unit (DMUs) which produce similar products or services (Banker, et al. 1986). The model that is used in DEA is solved for every DMU and according to analysis, the DMUs, whose objective function equals “1” is determined as “efficient”. On the other hand, the DMUs, whose objective function is not equal to “1”, are compared and simulated to other appropriate DMU. So, every non – efficient DMU is made to efficient.
DEA has two analytical frameworks, the constant return to scale (CRS) model and the variable return to scale (VRS) model to evaluate performance. The CRS model was developed by Charnes, et al.  (1978) and is considered the classical DEA model of Efficiency = Output/Input. The CRS model generalized the single output ratio measure of efficiency for an organization in terms of a fractional linear programming formulation transforming the multiple output/input of each organization to that of a single virtual output and virtual input. The CRS model focuses on technical efficiency. In this manner, the producers are able to linearly scale the inputs and outputs without increasing or decreasing efficiency.
A unit operates under constant return to scale if an increase in inputs results in a proportionate increase in outputs. Technical efficiency refers to the extent to which an organization fails to produce maximum output from a chosen combination of factor inputs. With constant return to scale, producers are able to linearly scale inputs and output without increasing or decreasing efficiency.
The second type of DEA model is Variable Returns to Scale (VRS). Bankers, Charnes & Cooper (BCC) introduced the VRS into the literature in 1984. The BCC model measures mixed efficiency. Mixed inefficiency occurs when a percentage of outputs or inputs exhibit inefficient behavior (Cooper, Seiford and Tone, 2003). The subsequent elimination of these identified inputs will alter the proportions in which inputs are utilized or outputs produced.
An organization uses VRS if an increase in their input does not produce a proportional change in its outputs. Therefore, as the organization changes its scale of operation, its efficiency will either increase or decrease. The model also measures technical efficiency as the convexity constraint that the composite unit is of similar scale size as the unit being measured (Banker, Charnes & Cooper, 1985). The resulting efficiency is always at least equal to the one given by the CRS model, and those organization with the lowest input or highest output levels are rated as most efficient an on the “efficiency frontier”. The VRS model is different from the CRS model in the sense that it allows for varying returns to scale and pure model efficiency.
[bookmark: _Toc514203700][bookmark: _Toc514204457]2.9	Summary and the gap in the Literature
From the review of literature and methodologies embarked upon, the main limitations of previous studies in the area of efficiency of hospitals in both developed and developing countries included the followings: first, the fact that the inputs and output data were collected for only one-time period, it was not possible to determine whether the health sector reforms had any impact on the efficiency of public and private hospitals for various years. Second, most studies do not consider the information on the price of input before drawing out their conclusion on the best hospitals which result may be biased since, they could not determine the situation for allocative and cost efficiency of the hospitals. Third, the literature does not determine separately the total factor productivity growth of private and public hospital in order to make a comparison between their growth which may mislead policy makers as per policy directions.
Also, from the methodologies, it is apparent that for this current study DEA and MPI are most suitable than other methodologies that have been considered. The Malmquist Total Factor Productivity index can be used to measure TFP change for a particular firm between two periods, s and t[footnoteRef:3]. This method has advantage in that it will enable one to determine the productivity growth and efficiency and technological change in the hospital. Also, DEA may be more appropriate if the focus is on developing a detailed understanding of the performance of individual units within the sector or identifying DEA peer relationships among the production units. [3: It can also be used to calculate TFP change at the industry level or the country level, or alternatively the TFP difference between two firms at one point in time.] 

It is evident from the review of literature carried out that certain studies are amenable to DEA or MPI alone neglecting the use of the two methodologies. As a result of all these aforementioned arguments, it is extremely obvious that choosing one method to another will always have a certain amount of opportunity cost. This study deals with the bias that can accompany the use of only one method of analysis, which is called “methodological bias” by  Sueyoshi and Sekitani (2009), since cross checking with other methods may provide added insight into the accompanying results. Therefore, in line with (Sena, 2003 cited in Erkoc, 2012), it is really impossible to suggest one approach to the other, as they both have positive and negative features; in a sense, they could be used jointly as they provide complementary information.
This study therefore made use of the Data Envelopment Analysis (DEA) and Malmquist Productivity Index (MPI) methodologies especially as the focus of the study is mainly to produce a holistic and a more comprehensive view of the results necessary for decision makers in the area of efficiency and productivity of the health service providers in Nigeria. 


[bookmark: _Toc514203701][bookmark: _Toc514204458]CHAPTER THREE
[bookmark: _Toc514203702][bookmark: _Toc514204459]Research Methodology
[bookmark: _Toc514203703][bookmark: _Toc514204460]3.1	Introduction
This chapter discusses the methodological approaches that will be used to answer the research questions and achieve the objectives of the study. The chapter covers the conceptual framework of the model, the theoretical framework of the model, the model assumptions and specification, the method of analysis, data requirements and source, the definition and measurement of variables, a brief background of the study area and the sampling procedure.
[bookmark: _Toc514203704][bookmark: _Toc514204461]3.2	Analytical Framework 
In the production process, hospitals and health centers turn inputs (factors of production) into outputs (health services). The analysis of efficiency and effectiveness is about the relationships between inputs, outputs and outcomes. Farrell (1957) investigated the question on how to measure efficiency and highlighted its relevance for economic policy makers. 
This study, divided the inputs into broad categories of labour, materials and capital. Labour inputs include skilled health personnel (doctors and nurses, dentist etc). Capital includes, medical equipment, beds. 
The relationship between inputs and the production process and resulting outputs is shown in figure 3.1 below.
Inputs:
-Doctors
-Nurses
-Beds
-Equipment
-Drugs
-Operating Expenses

-
Outputs
-Inpatient
-Outpatient
-Revenue
-Deliveries

-
Process
Hospitals





[bookmark: _Toc514203705][bookmark: _Toc514204462]Figure 3.1: Conceptual Framework for the Model
Source: Author’s Design, 2017

In the provision of health care services, hospitals employ multiple inputs to produce multiple outputs. The DEA approach is then appropriate since it allows for the measurement of relative efficiency when decision making units (DMU) have multiple inputs and multiple outputs. Hence, Figure 3.1 shows clearly the relationship between inputs and the production process and resulting outputs. 

[bookmark: _Toc514203706][bookmark: _Toc514204463]3.3 Theoretical Framework for the Model
In the health context, efficiency is concerned with the relation between resource inputs (labour, capital, material, or equipment) and health outcomes (inpatient, outpatient, lives saved, deliveries and so on). Existence of inefficiency is indicated by possible reallocation of resources in a manner that results in increase in health outcomes (Lawanson, 2015). The purpose of DEA is to construct a non – parametric envelopment frontier over the data points such that all observed points. In order words, to estimate efficiency of the hospitals and to explain the inefficiencies. 
Therefore, to illustrate the DEA model mathematically, assume that each decision - making units (DMUs) use m inputs for the production of n outputs in a given technology level.  Denotes the amount of input i (i=1,2,…,m) produced by jth DMU (j=1,2,3,…,k), whereas ysj represents the quantity of output s (s=1,2,3,…,n) produced by jth DMU (j=1,2,3,…,k). The variables ur (r=1,2,…,n) and wi(i=1,2,…,m) are weights of each output and input respectively. The technical efficiency of DMU0 can be written as;


This mathematical representation can be clarified as finding the appropriate values for u and w that maximise efficiency level of the observed firm subject to all efficiency scores and are less than or equal to 1. To avoid infinite solutions (Coelli et al.,2005) and obtain a linear programming model, Charnes – Cooper (1978) transformed the model as follows:



Where  is the efficiency rating of the service unit been evaluated by DEA, yrj is the amount of output r generated by service unit j. xij is the amount of input used by service unit j. i is the number of inputs used by the service units. r is the number of outputs generated by the service units. ur is the coefficient of weight assigned by DEA to output r and wi coefficient of weight assigned by DEA to output i.
 The dual of the above linear programming called the envelopment form is constructed by minimizing the quantity of the m inputs required to meet the stated output.







Where  is a scalar and is a k x 1 vector of constant. The solution of this linear system will end up with finding  corresponding to the efficiency level of each DMU. Therefore,  should be less than or equal to 1. A hospital with =1 is technically efficient and means that it is operating on the frontier according to Farell’s (1957) proposition while a firm with less than 1 is inefficient. Farell’s (1957) and Koopman;s (1951) highlighted that there is a precise need to integrate slack variables into the linear programming model through which efficiency scores will be gauged concerning the slack usage of any input. The model then becomes as follows:




Where  are constraint to become non – negative and transformed inequalities into equations. means that must be satisfied by every single solution, whereas denotes that must be sustained for each input used by DMU0. 
[bookmark: _Toc514203707][bookmark: _Toc514204464]3.4	Data Envelopment Model
Based on the theoretical framework, the DEA models can either be constant return to scale (CRS) or variable return to scale (VRS). Also in case of orientation, the model takes two forms of orientation: the input oriented model and the output oriented model. Although, in the area of hospital efficiency using DEA, different models have been made use of by many researchers. However, the type of models depends on the degree of control that managers have over their inputs, or outputs. Since hospital managers have more control over their inputs, and more emphasis in most countries is on controlling costs rather than increasing demands (O’Neill and Dave, 2008). This study will employ the dual version of input – orientated Charnes, et al. (1984) model.  
[bookmark: _Toc514203708][bookmark: _Toc514204465]


Assumption of the input oriented DEA CCR Dual Model   
1. It assumes that facilities have limited control over the volume of their inputs
1. It assumes a constant return to scale
1. It compares the actual output of a DMUs with the maximal output estimated by a production function.
1. The best practice group are used as a reference for evaluation of the other group units.
[bookmark: _Toc514203709][bookmark: _Toc514204466]
3.4.1	Specification of the DEA Model I (Objective 1)
The dual version of the Charnes Cooper and Rhodes (1978) input orientated DEA model with constant return to scale will be used to achieve the first objective. In this case, the price information is not used. The model is specified as follows:
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Where  denotes the column vector of individual hospital inputs (Number of Doctors, Number of Nurses and Number of Hospital Beds) in period t and represents column of outputs of individual hospital (Inpatient, Outpatient and Deliveries) in period t. X and Y represents the matrix of inputs and outputs respectively for all the hospitals. is the efficiency scalar that lies between 0 and 1 When a hospital has = 1, then the hospital is at a point on production frontier, it is technically efficient relative to other hospitals in the comparative group but for <1 implies that the hospital is relatively inefficient. It is below the production frontier. The amount by which the score of the inefficient hospital differs from 1 indicates the extent the hospital could reduce inputs without reducing its output. is a column vector of constants which represents the weight of the solution in the linear programming problem is to seek the minimum value of that reduces the inputs variable  to but at the same time ensures the output level given by  (see Jacob et al, 2012). The linear programing problem will be solved for each DMU in order to obtained the technical efficiency of the DMU.
[bookmark: _Toc514203710][bookmark: _Toc514204467]3.4.2	Specification of the DEA Model II (Second objective)
	According to Charnes et al., 1978 allocative efficiency can be measured using cost minimizing DEA model. In order to achieve the second objective, the study makes use of constant return to scale input oriented DEA model. Therefore, following Coelli, et al (2002), the model is specified as


Where:

wit is a vector of unit price of inputs (equipment, drugs and operating expenses) utilized by hospital i in time t. xit* (which is calculated by the Linear Programming) is the cost minimization vector of input quantities for the i-th hospital in period t, given the input price wi and the output level yit. yit is the amount of output (revenue) generated by hospital i in period t. N1  is an NX1 vector of 1 and  is a dual variable.
The total cost efficiency (CE) or economic efficiency (EE) of the i-th hospital in period t is measured by the ratio of minimum cost to observed cost. Hence, the cost efficiency is calculated thus




A hospital is said to have realized allocative efficiency if it is operating with the optimal combination of inputs, given their respective prices. When a hospital has = 1, then the hospital is at a point on production frontier. It is relatively overall efficient to other hospitals and as such properly using their inputs resources to produce output and choosing the correct mix of inputs given the input prices in the comparative DMU. But for <1 implies that the hospital is relatively inefficient. Hence, they are not properly using their inputs resources to produce output and choosing the correct mix of inputs given the input prices. The amount by which the score of the inefficient hospital differs from 1 indicates the extent the hospital could reduce inputs without reducing its output. The allocative efficiency is calculated residually by using the following relationship between cost efficiency (CE) and technical efficiency (TE) as:




When a hospital has = 1, then the hospital is at a point on production frontier. It is relatively efficient to other hospitals and as such properly choosing the correct mix of inputs given the input prices in the comparative group. But for <1 implies that the hospital is relatively inefficient and as such not properly choosing the correct mix of inputs given the input prices. 
[bookmark: _Toc514203711][bookmark: _Toc514204468]3.4.3	Specification of DEA model III (Third and Fourth objectives)
[bookmark: _Toc514203712][bookmark: _Toc514204469]a.      The Malmquist Productivity Index
To achieve the third and fourth objectives, the study employed the theoretical framework and model of Fare, Grosskopf, Lindgren and Bjorn (1992). The theoretical framework has been explained in chapter two. The Malmquist index (Mo) measures total efficiency change of production unit M0 between successive periods t and t+1.
[bookmark: _Toc514203713][bookmark: _Toc514204470]b.	Assumptions of the Model
1. It requires information only on hospital input and output quantities and not their prices;
1. It does not impose behavioral assumptions (e.g. profit maximization, cost minimization, revenue maximization) in its construction, which would be inappropriate, especially for public hospitals whose objective is to maximize provision of quality health services and not profit;
1. It can be decomposed into efficiency change and technical change.
1. It can be calculated using non-parametric techniques, which impose properties of monotonicity and convexity, but do not impose functional structure on the production technology;
1. It decomposes into constituent sources of productivity change, i.e. pure technical efficiency change, technical change and scale change 
1. Malmquist productivity index is the same as the Hicks – Moorsteen index if the technology exhibits global constant returns to scale and inverse homotheticity.
1. Output – orientated and input – orientated Malmquist indexes coincide if the technology exhibits constant returns to scale.
1. The Malmquist Productivity index does not adequately account for scale change 
1. There will be no need for price data if panel data on input and output quantities are available.
[bookmark: _Toc514203714][bookmark: _Toc514204471]c. The Model
Productivity refers to the relationship between the output of a hospital and the health system inputs that have gone into producing that output. Productivity trend ratios are commonly converted into either output-orientated or input orientated index measure of change in productivity. The output-orientated indices define the index as a measurement of increased outputs derived from the inputs’ net growth. These indices shed light on the question: how much more output has been produced, using a given level of inputs and the present state of technology, relative to what could have been produced under a given reference technology using the same level of inputs. Input-orientated indices measure change in productivity by examining the reduction in input use, which is feasible given the need to produce a given level of output under a reference technology (Kirikal, 2005).
Also, there are different indexes that are used in the literature (See for example; the Fisher index (1922); the Tormqvist index (1936) or Malmquist Index (1953) to measure productivity change.
For this study, however, the input-based Malmquist productivity index is employed in order to achieve the third and fourth objectives because of its positive attributes as specified above. Therefore, in line with Fare, Grosskopf, Lindgren and Bjorn (1992), the Malmquist index which measures the total efficiency change of production unit between successive periods t and t+1 is specified as:


Where the notation D represents the distance function and the value of M is the Malmquist productivity index. The first index relates the input - output combinations observed in the two-time periods (t and t + 1) to the period t technology frontier, and the second index relates the same input - output combinations to the period (t + 1) technology frontier. The terms in the numerator are the inputs used and outputs generated by firms i in period t + 1, and those in the denominator represent the corresponding quantities observed for period t. 
Following Fare et al. (1995), manipulation of the Malmquist index makes it possible to distinguish between efficiency changes and productivity changes:




Where: the subscript ‘c’ on an input distance function implies that it is defined relative to a constant return to scale technology; ‘i’ refers to input based Malmquist index. is the technical efficiency change which refers to the change in the relative efficiency of a hospital in relation to other hospitals (i.e. due to the production possibility frontier) between time periods t and t+1. It measures the contribution to productivity change of a change in pure technical efficiency between periods t and t + 1;    is the technical change or the change in technology efficiency or the production frontier shift. It describes the change in the production possibility frontier as a result of the technology development between time periods t and t+1.

 can attain a value greater than, equal to, or less than one depending on whether a hospital in question is experiencing productivity growth, stagnation, or productivity decline. If the value equals 1, the hospital do not signalize any change and in which case the total factor productivity growth of the hospital is unchanging. A value of M0 greater than one indicates productivity improvement of the hospital and signals positive TFP growth from period t to t+1. A case of such nature indicates an improvement in the hospital productivity. Similarly, performance deterioration of a hospital over time in its productivity is associated with a Malmquist index smaller than unity that is less than 1.
Input-oriented constant returns to scale (CRS) model was used to measure the states’ hospitals technical efficiency, allocative efficiency and cost efficiency. Furthermore, the same CRS was used in the Malmquist model to measure productivity changes. The choice of the model is based on the assumption that both public and private hospitals have more control over their inputs than outputs. As a result, they can minimize their inputs and still maintain the same level of output. Also, a Malmquist TFP index may not correctly measure total factor productivity changes when variable return to scale (VRS) methodology is used. In order to measure effectively technical changes and technological changes Grifell – Tatje and Lowell, (1995) suggests that the CRS be implemented to estimate distance functions. Otherwise, the resulting measures may not properly reflect the TFP gains or losses resulting from scale effects.

[bookmark: _Toc514203715][bookmark: _Toc514204472]3.5	Method of Data Analysis
This study employed the Data Envelopment Analysis Programme (DEAP) version 2.0 computer programming developed by Coelli (1996) for performing DEA.  An efficiency score of 1 for the technical, allocative and cost efficiency indicates that such a hospital is considered to be efficient in terms of making good use of their inputs to produce outputs and choosing the best input mix given the input prices. However, an efficiency score of less than one from the result indicates that such hospitals are not properly using their inputs to produce commensurate output and fail to choose the proper input mix given the input prices.  The summary of the mean scores for both the private and public hospital was used to determine the more efficient hospital. Although, the technical, allocative and cost efficiency ranges between zero (0) and one (1), however, scores between 0.7 and 0.9 are satisfactory, 0.1 to 0.6 stands for low efficiency and 0 stands for total inefficiency.
 Similarly, for the model III, where the Malmquist Productivity index model was specified, a value greater than 1 indicates an improvement in productivity in such hospital and values that are less than one signal deterioration for such hospital.  A value of 1 however signaled no change in the productivity growth of such hospital. The same interpretation will be applied to the numerical values that were obtained for the efficiency change and technology change indices.
[bookmark: _Toc514203716][bookmark: _Toc514204473]3.6	Data requirements and source(s)
In the context of efficiency and productivity measurement in the health sector, four categories of variables are important. These are the output quantities, the input quantities, the prices of outputs and inputs; and the quality characteristics of the various input and output variables. One important aspect of DEA models is choosing input-output variables. However, there is no consensus on the best way of describing variables (Giannakis et al 2005). The selection of input and output variables is a crucially important step in DEA suitable to the purpose of this study. This is because failure to choose appropriate input and output variables such as including unrelated variables or excluding related variables in a model might have a negative impact on the discrimination power of the analysis (Chu NG, 2011; Ramanathan, 2005). For this study, from the reviewed literature on hospitals related to DEA and MPI studies and on the basis identified which input and output variables would be of importance to the study. In the light of these previous studies and considering the data availability, this study made use of the number of Doctors, number of Nurses, number of hospital beds, operating cost of hospitals, cost of equipment and cost of drugs as indicator of accumulated capital; these variables were used as input variables. And for output variables the study made use of the inpatient, outpatient, deliveries and revenue generated by each hospital sampled.
The data for the research were obtained from each of the hospitals in States selected from 2007 to 2016. Information required for the analysis were extracted from all the hospitals both private and public through the use of a well-structured questionnaire. The questionnaire was open ended type so as to ensure that information received is meaningful for generalization.

[bookmark: _Toc514203717][bookmark: _Toc514204474]Table 3.1 Definition and Measurement of Variables
	Inputs 

	Variables
	Operating Definition

	Number of Doctors
	This is the total number of doctors in the hospital who are full-time employees (FTEs) during 2007 to 2016. It is used as a substitute for the labor force.  (Ng, 2011).

	Number of Nurses
	The total number of nurses (including midwives) who are full-time employees (FTEs) during 2007 to 2016. It is used as a substitute for the labor force. Capital and labor are both imperial in delivering healthcare services in hospitals (Ng, 2011, Olaniyan, 2015).

	Number of Beds
	The yearly total number of staffed beds (beds that are licensed and physically available for which staff is on hand to attend to patients who occupies the beds) from 2007 to 2016 (Hu and Huang, 2004; Olaniyan, 2016Tiemann and Schreyögg, 2009).

	Outputs

	Revenue
	Includes revenue from drugs, beds, treatment, hospital bills comprising of Doctors and Nurses attendant.

	Inpatients
	The yearly total number of patients receiving inpatient treatment services from 2007 to 2016, (Olaniyan, 2015).

	Outpatients
	Average number of patients that visited the hospital for treatment in a year from 2007 to 2016.

	Deliveries
	Total number of deliveries in the hospital in a year from 2007 to 2016.

	

Input Prices

	Price of Equipment
	Input price per unit of the input employed which brought about the level of present revenue. (Mathiyazhgan, 2006)

	Cost of Drugs
	Average cost per unit of drugs (Mathiyazhgan, 2006)

	Price of operating expenses
	Average price per unit of the operating expenses (Lobo et al., 2014)



[bookmark: _Toc514203718][bookmark: _Toc514204475]3.7	The Study Area
This study is confined, to the production of health care services in the Secondary health facilities. In particular, the study covers health production activities in secondary care facilities in five South Western States in Nigeria: Ogun, Lagos, Ondo, Oyo and Osun States. 
Ogun State was created out of the defunct Western State in 1976. It is bounded in the south by Lagos State and the Atlantic Ocean. Towards the eastern frontier of the state is Ondo State while Oyo State borders the state northward. In terms of landmass the state occupies a landmass of 16,409.26 square kilometres. According to the 2006 national census the population of the state is estimated to be over three million people.
Lagos State on the other hand was created in 1967 and occupies a total land mass of 3,577 square kilometers part of which consist of 787 square kilometers of lagoons and creeks. In terms of geographical spread, the state extends to Badagry on the west, eastward to Lekki and Epe and northward to Ikorodu. Towards the South, the state stretched over 180 kilometers along the coast of the Atlantic Ocean. According to 2006 national census, the population of the state is estimated to be over nine million people.
Ondo State, Nigeria was created on 3rd February 1976 from the former Western State. It originally included what is now Ekiti State, which was split off in 1996. Ondo State covers 14,606 square kilometers. Ondo State is bounded in the East by Edo and Delta States, in the North by Ekiti and Kogi States, in the West by Osun and Ogun States and in the South by the Atlantic Ocean.  The state contains eighteen Local Government Areas, the major ones being Akoko, Okitipupa, Ondo, and Owo. The majority of the state's citizens live in urban centers. The state occupies a total land mass of 15,500 square kilometers and a population of 3,011,407. 
The modern Osun was created in August 27, 1991 from the old Oyo State. The state's name is derived from the River Osun, the venerated natural spring that is the manifestation of the Yoruba goddess of the same name. Osun is an inland state in south-western Nigeria with capital in Osogbo. It is bounded in the north by Kwara State, in the East partly by Ekiti State and partly by Ondo State, in the South by Ogun State and in the west by Oyo State.  It has a total land mass of 9,251 square kilometers and ranked 28 out of the 36. Its estimated population is over four million 34,137,627
Also, Oyo State, popularly referred to as the “Pace Setter” is one of the 36 States of the Federal Republic of Nigeria. It is located on longitude 8o N and latitude 4o E.  Oyo State is an inland state in South Western Nigeria, with its capital in Ibadan.  It was found on February 3, 1976.  The state has an area of approximately 28,454 km² and having a population of 5,591,589 during the 2006 census. Oyo State is surrounded by Ogun and Lagos States in the south, Osun and Ekiti in the East and Kwara State in the North. The state has no state surrounding it in the west. It came into existence with the breakup of the old Western State of Nigeria during the state creation exercise in 1976 and it originally included Osun State, which was split off in 1991. Ibadan had been the center of administration of the old Western Region, Nigeria since the days of the British colonial rule.
[bookmark: _Toc514203719][bookmark: _Toc514204476]3.8	Method of Data Collection and Sampling Procedures 
 Both primary and secondary data is employed.  The total number of public and private hospitals in Ogun, Lagos, Osun, Ondo and Oyo State constitutes the target population. A total of one hundred (100) hospitals was chosen from the states under consideration. Twenty (20) hospital each will be chosen from each state comprising ten (10) public hospital and ten (10) private hospitals.  However, due to the fact that hospitals may not be ready to give information willingly and randomly entering into the hospital for information may not be easy, this study adopted the purposive and convenience sampling on the number of hospitals that were willing and cooperating to give information. Hence, the size of the sample of hospitals that are used are based on the number of hospitals that are willing to disclose their information, centrally located and that they are highly patronized. Also, the private and public hospitals were used since they are the only health care providers that are authorized by law in Nigeria. 
The estimates from the sample would provide for reliable generalization of the entire public and private hospitals. The facilities were also selected using stratified random sampling method. The survey covered private and public facilities with data sought for the year 2007 to 2016. 
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[bookmark: _Toc514203721][bookmark: _Toc514204478]PRESENTATION AND ANALYSIS OF RESULT
[bookmark: _Toc514203722][bookmark: _Toc514204479]4.1 Introduction
This chapter deals with the presentation and interpretation of the result which were derived from the data collected from the questionnaire administered. The data were extracted from the 100 Public and Private hospitals in the Southwest comprising of Lagos, Oyo, Ogun, Osun and Ondo State. The input and output variables used for the analysis were the number of Doctors, number of Nurses, number of hospital beds, cost of equipment, cost of drugs and the operating expenses while the output variables include the number of inpatient, number of outpatient, number of deliveries and total revenue. The input prices were also used.
Analysis of the results contains the presentation and interpretation of the scores obtained from the Data Envelopment Analysis (DEA) and Malmquist Productivity Index (MPI). The efficiency scores obtained relate to the evaluation of production, technical and cost efficiency of hospitals in the Southwest, Nigeria. Therefore, scores for technical efficiency were obtained in relation with the first objective; scores for technical efficiency, allocative efficiency and cost efficiency were obtained in relation with the second research objectives; while scores for technical efficiency change, technological change and total factor productivity change were obtained in relation to the third and fourth objectives.
The outcome of the result will be used to draw out the conclusion and recommendations for the study.
[bookmark: _Toc514203723][bookmark: _Toc514204480][bookmark: _Hlk496391913]4.2 Presentation of Results
[bookmark: _Toc514203724][bookmark: _Toc514204481]4.2.1	Presentation of the DEA Technical Efficiency Result
The first objective of this study is to determine the technical efficiency of public and private hospital in the absence of input prices. In order to achieve this, the DEA model specified in section 3.4.1 was used. The mean and annual mean summary of the result for technical efficiency obtained using the DEAP Version 2.0 is presented in table 4.1 (See appendix 1 for the full result of the overall pattern of the efficiency result). 

[bookmark: _Toc514203725][bookmark: _Toc514204482]Table 4.1. Technical Efficiency Summary of Public and Private Hospitals in Southwest, Nigeria 2007 - 2016
	Years/Hospitals Efficiency
	Public Hospitals
Technical Efficiency
	Private Hospitals
Technical Efficiency

	2007
	0.767
	0.607

	2008
	0.702
	0.622

	2009
	0.782
	0.778

	2010
	0.737
	0.865

	2011
	0.720
	0.776

	2012
	0.726
	0.341

	2013
	0.635
	0.261

	2014
	0.670
	0.720

	2015
	0.735
	0.837

	2016
	0.743
	0.798

	Summary of Annual Mean
	0.722
	0.661


Source: Author’s Computation using DEAP Version 2.1
Table 4.1 above shows the mean summary of technical efficiency for both public and private hospital in South west, Nigeria for the period of 2007 to 2016. The display of the result shows that private hospitals were technically efficient than the public hospitals in 2010, 2011, 2014, 2015 and 2016. However, public hospitals were technically efficient in 2007, 2008, 2009, 2012 and 2013 respectively. In the year 2012 and 2013, private hospitals had a low score in technical efficiency with 0.341 and 0.261 which indicate a total inefficiency in these periods.
From the summary of the annual mean, the public hospitals were more technically efficient than their private counterpart with a value of 0.722 as against 0.661 of the private hospitals. The result was not surprising looking at the fact that investment into hospitals equipment are capital intensive and government can afford to procure into it for the public hospitals than a private hospital owned by a person. The private hospitals are profit driven and as a result they don’t go further to procure more hospital equipment but rather will want to maximise the present level of input optimally so as to generate revenue. Public hospitals on the other hand are service driven just to break even, hence, they can afford to procure as many hospital equipment mainly to render efficient service delivery. This make patient to be indirectly trooping more into the public hospitals because equipment that will actually solve their health issues is readily available. Moreover, average individual in the state will prefer going to the public hospitals relative to the lower bill which is commensurate to their standard of living. Only those that can afford higher hospital bill with quick attention will prefer going to private hospitals.
In general, it can be deduced that the private hospitals are only using satisfactory level of hospital equipment that can make them operative. This may be the reasons for frequent referral from private hospitals to the public hospitals leading to revenue flight from private to public hospitals and as a result, making the public hospitals much more technically efficient in making use of their input to produce output than the private hospitals. The annual mean summary of the result is depicted in the figure 4.1 below where the public hospital graph was higher than that of the private hospital.
[bookmark: _Toc514203726][bookmark: _Toc514204483]
Figure 4.1. Technical Efficiency Result of Public and Private Hospitals in Southwest, Nigeria 2007 – 2016.
From figure 4.1, the bar chart depicts that the private hospitals are more technically efficient than the public hospitals when physical inputs are used in producing physical output. The private hospitals chart is higher than that of the public. 
[bookmark: _Toc514203727][bookmark: _Toc514204484]4.2.2 Presentation of the DEA Technical Efficiency, Allocative Efficiency and Cost Efficiency Result  
Objective 2 of the study was set to determine the efficiency of public and private hospital in terms of technical, allocative and cost using their outputs, inputs and the input prices. In order to examine this, the study made use of the overall public and private hospitals efficiency mean in terms of technical, allocative and cost and the result obtained is presented in table 4.2 below 
[bookmark: _Toc514203728][bookmark: _Toc514204485]Table 4.2 Efficiency Summary of Public and Private Hospitals in Southwest, Nigeria 2007 - 2016 
	Year
	Public
TE
	Private
TE
	Public
AE
	Private
AE
	Public
CE
	Private
CE

	2007
	0.699
	0.582
	0.498
	0.312
	0.339
	0.186

	2008
	0.747
	0.672
	0.517
	0.374
	0.382
	0.285

	2009
	0.674
	0.544
	0.699
	0.270
	0.456
	0.145

	2010
	0.680
	0.623
	0.819
	0.449
	0.562
	0.281

	2011
	0.632
	0.646
	0.789
	0.523
	0.482
	0.329

	2012
	0.680
	0.644
	0.589
	0.528
	0.391
	0.333

	2013
	0.402
	0.632
	0.356
	0.525
	0.123
	0.317

	2014
	0.679
	0.771
	0.774
	0.571
	0.503
	0.418

	2015
	0.660
	0.545
	0.834
	0.287
	0.536
	0.139

	2016
	0.698
	0.534
	0.876
	0.270
	0.604
	0.124

	Summary of Annual Mean
	0.651
	0.619
	0.675
	0.411
	0.438
	0.256


Source: Author’s computation using DEAP Version 2.1
Note:
TE: technical efficiency
AE: allocative efficiency
CE: cost efficiency

Table 4.2 presents the mean summary of technical, allocative and cost efficiency for public and private hospitals for the year 2007 to 2016. 
In terms of technical efficiency, the public hospitals perform better by moving closer to the technical efficiency score of 1.000 than the private hospitals for the periods 2007, 2008, 2009, 2010, 2012, 2015 and 2016. While for the following years, 2011, 2013 and 2014 respectively, the private hospitals were closer to the technically efficiency score than their public counterparts. Although, for the whole periods, none of the hospitals where technically efficient as their technical efficiency score level lies below 1.000. In general, the summary of the annual mean score for public hospitals is higher than that of the private, with the public hospitals having a score of 0.651 which is higher than the private hospitals score of 0.619. The reported technical efficiency scores of the hospitals generally indicate that the hospitals are not utilizing their production resources efficiently, meaning they are not annexing maximal output from their quantum of inputs. In order words, technical efficiency of the hospitals can be increased by 31%, 25%, 33%, 32%, 37%, 32%, 60%, 32%, 34%, and 40% for public hospitals for the year 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 respectively while for private hospitals the technical efficiency can be increased by 42%, 33%, 46%, 38%, 35%, 36%, 37%, 23%, 45%, and 47%  for the year 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 respectively this can be done through better use of available production resources(equipment, drugs and operating expenses) given the current state of technology. However, based on the results, the public hospitals are technically efficient than the private hospitals when inputs prices are considered. 
In terms of allocative efficiency, the public hospitals move closer to the allocative efficiency score of 1.000 than the private hospitals for the periods 2007, 2008, 2009, 2010, 2011, 2012, 2014, 2015 and 2016. While only in the year 2013 that the private hospitals were closer to the allocative efficiency score than their public counterparts. Although, for the whole periods, the hospitals where not allocatively efficient as their allocative efficiency score level lies below 1.000. In general, the summary of the annual mean score for public hospitals is higher than that of the private, with the public hospitals having a score of 0.675 which is higher than the private hospitals score of 0.411. The reported allocative efficiency scores of the hospitals generally indicate that the hospitals are not utilizing the perfect mix of their inputs given the input prices to commensurate with their output, meaning they are not annexing maximal output from their quantum of inputs given the input prices. In order words, allocative efficiency of the hospitals can be increased by 50%, 48%, 30%, 18%, 21%, 41%, 64%, 22%, 17%, and 14% for public hospitals for the year 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 respectively while for private hospitals the allocative efficiency can be increased by 69%, 63%, 73%, 55%, 48%, 47%, 47%, 43%, 71%, and 73%  for the year 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 respectively this can be done through better use of available production resources(equipment, drugs and operating expenses) given the current state of technology. However, based on the results, the public hospitals are allocatively efficient than the private hospitals if monetary inputs are used in generating monetary outputs. In general, the annual mean summary can be increased by 32% for the public hospitals and 59% for the private hospitals.
In terms of cost efficiency, hospitals can only be cost efficient only if they are technically and allocatively efficient. From the table, the public hospitals move closer to the overall cost efficiency score of 1.000 than the private hospitals for the periods 2007, 2008, 2009, 2010, 2011, 2012, 2014, 2015 and 2016. While only in the year 2013 that the private hospitals were closer to the overall cost efficiency score of 1.000 than their public counterparts. Although, for the whole periods, both the public and private hospitals where not cost efficient as their efficiency score level lies below 1.000. In general, the summary of the annual mean score for public hospitals is higher than that of the private, with the public hospitals having a score of 0.438 which is higher than the private hospitals score of 0.256. 
The reported allocative efficiency scores of the hospitals generally indicate that the hospitals are not utilizing the perfect mix of their inputs given the input prices to commensurate with their output, meaning they are not annexing maximal output from their quantum of inputs given the input prices. In order words, allocative efficiency of the hospitals can be increased by 66%, 62%, 54%, 44%, 52%, 61%, 88%, 50%, 46%, and 40% for public hospitals for the year 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 respectively while for private hospitals the allocative efficiency can be increased by 81%, 71%, 85%, 72%, 67%, 67%, 69%, 58%, 86%, and 88%  for the year 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 respectively this can be done through better use of available production resources (equipment, drugs and operating expenses) given the current state of technology. However, based on the results, the public hospitals are allocatively efficient than the private hospitals if financial inputs are used in generating financial outputs. In general, the annual mean summary can be increased by 56% for the public hospitals and 74% for the private hospitals.
A further look into figure 4.2 below display diagrammatic expression of the efficiency status

[bookmark: _Toc514203729][bookmark: _Toc514204486]Fig 4. 2 Efficiency Summary of Public and Private Hospitals in Southwest, Nigeria 2007 – 2016.
In figure 4.2 above, the chart shows that the mean summary for both the public and private hospitals in Southwest, Nigeria for the period under study are less than one (1) for both, technical, allocative and cost. However, based on the result with the information on price given, it is shown that the public hospitals are more efficient in terms of technicality, allocative and cost. This shows that the public hospitals utilize their inputs more efficiently in the production of health care facilities than their private counterpart. Also, in terms of allocation, the public hospitals were more efficient than their private counterparts and also in terms of cost. The result was however not surprising since the motive of the private hospitals are for profit making while the public hospitals are for service delivery in order to break even.
[bookmark: _Toc514203730][bookmark: _Toc514204487]4.3	DEA Based Malmquist Productivity Results
In order to achieve the third and fourth objectives, the Malmquist Productivity Index (MPI) was employed. This is because it can evaluate any progression or regression of efficiency over time, as well as any change of frontier technology in terms of progression, stagnant or regression. 
The result obtained is presented in table 4.3 for public hospitals and Table 4.4 for the private hospitals.



[bookmark: _Toc514203731][bookmark: _Toc514204488][bookmark: _Hlk497237147]Table 4.3 Malmquist Productivity Index Result for Public Hospital
	Year
	ΔEFF
	ΔTECH
	ΔTFP
	Decision 
For ΔEFF
	Decision 
For ΔTECH
	Decision 
For ΔTFP

	2007/2008
	1.262
	0.681
	0.860
	Progressing
	Deteriorating
	Deteriorating

	2008/2009
	0.691
	1.877
	1.296
	Deteriorating
	Progressing
	Progressing

	2009/2010
	1.322
	0.653
	0.863
	Progressing
	Deteriorating
	Deteriorating

	2010/2011
	1.020
	0.885
	0.903
	Progressing
	Deteriorating
	Deteriorating

	2011/2012
	1.028
	0.938
	0.964
	Progressing
	Deteriorating
	Deteriorating

	2012/2013
	0.963
	0.961
	0.925
	Deteriorating
	Deteriorating
	Deteriorating

	2013/2014
	1.243
	0.798
	0.992
	Progressing
	Deteriorating
	Deteriorating

	2014/2015
	0.599
	1.413
	0.846
	Deteriorating
	Progressing
	Deteriorating

	2015/2016
	0.970
	1.213
	1.177
	Deteriorating
	Progressing
	Progressing 

	Summary of the Annual Mean
	0.981
	0.990
	0.971
	Deteriorating
	Deteriorating
	Deteriorating


Source: Author’s computation using DEAP Version 2.1
Note:
* total factor productivity efficiency change (ΔTFP)
* technical efficiency change (ΔEFF)
* technological change (ΔTECH)
[bookmark: _Toc514203732][bookmark: _Toc514204489]4.3.1	Technical Efficiency Change (ΔEFF) for Public hospitals
Table 4.3 shows the result for the technical efficiency change, the technological change and the total factor productivity change. The level of efficiency change relates to the increased level that individual hospitals are moving away or closer to the efficiency frontier. This productivity component reveals the hospital performance inside the borders of the production frontier relative to those hospitals performing on the frontier within the period (t) to (t+1). 
Results reveal that the technical efficiency change for the period of 2007 to 2008 shows an improvement in the technical efficiency change in the first year. This shows a value of 1.262 which was greater than 1. Following this period in 2008/2009 the public hospitals in southwest efficiency change value was less than one (0.691) which indicate deterioration. This means that the changes in technical efficiency in the public hospital are not improving in the period of 2008 – 2009. In the third year, 2009 - 2010 to 2011 -2012. An improvement occurred in the technical efficiency change, which indicates that the public hospitals performance has witnessed overall efficiency progression. Although, following this period in 2012 - 2013 the sixth year though closer to 1.000 indicates that the hospital was deteriorating and equates to no evidential change. Following this, an improvement occurred in the technical efficiency change and in the last two subsequent years 2014-2015 and 2015-2016 shows 0.599 and 0.970, which indicates that the public hospital performance has witnessed overall deterioration in efficiency progression. The average overall deterioration in technical efficiency is 0.981, which means a decline by about 98%. 
In addition, the values that are displayed in ΔEFF column are the product of Pure Efficiency Change and Scale Efficiency Change values (See Appendix 1). Therefore, it can be concluded that the improvement that took place in technical efficiency change in the periods 2007 -2008, 2009 -2010, 2010 – 2011, 2011 – 2012 and 2013 – 2014 are due to the accompanying increment in pure technical efficiency, and in scale efficiency of those periods. Based on the mean value of 0.981, it can be concluded that the average technical efficiency change index has not improved over the years, and there has been a very slight decline in the change of scale efficiency, despite the fact that an increase in the change of pure efficiency is evident.  This could be as a result of more staff employed leading to more operating expenses in the hospitals.
[bookmark: _Toc514203733][bookmark: _Toc514204490]4.3.2 Technological Change (ΔTECH) for Public hospitals
Table 4.3 also revealed the result for Technological change ΔTECH. Through technological change, the efficiency frontier shifts from period (t) to period (t+1) have been defined. Based on this index, the efficient hospital performance in comparison to inefficient hospital performance is shown to changes, which operates inside the production frontier. When the frontier shift variable is greater than 1, it means that the progression of technological changes in the efficient hospital use lower levels of input in the period (t+1) than in the period (t) controlling for output. If the variable of frontier shift is less than 1, then there is evidential regression in the technological change. If the frontier shift variable is 1, this means that there is no technological change, which also identifies the stability of frontier.  According to Burgess and Wilson (1995), they specify that the regression of technological change between subsequent years is potential, if some advances in medical treatment and changes in technology take place. These advances can result in hospitals hiring more personnel for patient treatment, which ultimately leads to increases in health care expenditure.  
From the result therefore, it is evident that except for the following periods; 2008 – 2009, 2014 -2015 and 2015 -2016, in which the frontier shift is greater than 1.000 for all other years, the scores are less than one. Hence, the following 2008 – 2009, 2014 -2015 and 2015 -2016, are the only periods, in which the public hospitals used lower levels of input than in their previous periods, in controlling their output. However, in other years, the values were less than one indicating that there is an eventual regression in the technological change in the public hospital. Therefore, looking at the result, it is glaring that for the periods been considered, in most cases the hospitals are not progressing in their technological change. This no doubt shows reasons why some recently discovered illness for examples monkey pox, Ebola, laser fever and so on defiles all cures because the same methods of treating other diseases have always been employed. Overall, the product of the combined results of these changes is an average of 0.990 which means a whole decline in public hospital technological change of about 99% still struggling to reach 1.000 for the whole periods. This showed that the presence of technological improvement does not exist in public hospitals. 
[bookmark: _Toc514203734][bookmark: _Toc514204491]4.3.3 Total Factor Productivity (ΔTFP) for Public hospitals
The findings of the productivity changes of the public hospitals during the period of 2007-2016 (Table 4.3), also presents a summary of the productivity change results (the Malmquist index), in addition to the technical efficiency change and the components of the technological change. It can be noted here that the numbers which are located in the ΔTFP are produced by the ΔEFF and ΔTECH. It also revealed that the hospital productivity progressed and later deteriorated displaying an inconsistency in the pattern of total factor productivity growth over the years. For example, it declined during the first year of 2007/2008 with a score of 0.866 and increase to 1.296 in 2008/2009. More specifically, there is an improvement in productivity in the final year 2015 /2016 with the ΔTFP been 1.177 indicating a growth of about 1.2% following a decrease taking place in the previous years from 2010/2011 up to 2014/2015. Generally speaking, the results indicate that public hospitals have undergone decline in productivity for the study periods with the mean value of 0.971.
The implication of this is that despite the new technology at the disposal of the public hospitals, the level of present inputs in terms of equipment, drugs and so on could not be optimally utilized to produce above the frontier. Hence, the level of efficiency is still diminishing. Similarly, the changes in technical efficiency in terms of purchasing new equipment, expansion of building and buying of more beds, still the level of productivity is not improving. This indicate that the factors of production that are germane in achieving the stated objectives and beyond are not properly used to be bring about a better productivity.
In sum, the results yielded by the Malmquist productivity indices show that the public hospitals in the Southwest generally underwent both progression and deterioration in technical efficiency changes during the entire study period. The geometric mean of this technical efficiency change is 0.981, which creates a decline of about 1% to take place each year, which implies that on average the hospitals are not getting closer (undergoing deterioration) to the frontier. The geometric mean technological change is 0.990, pointing to a very slight decrease of 1% per year. Thus, it is indicated that the public hospitals have, on average, experienced no improvement or decline in technological change during the study period 2007 -2016. Therefore, there has been no improvement in terms of the production frontiers to achieve favorable shifts over the whole study period. Hence, the results of progress in technical efficiency change and stability in technological change are shown through the increase in total productivity over time, with an average productivity decline rate of 0.971% per year. Analyzing the Malmquist productivity indices reveals that the total factor productivity has not improved over the period of study. This non-improvement is attributed to the poor progress in technical efficiency change during the period of study and it varied from one hospital to another been used in the study.
A further look into figure 4.3 display a diagrammatic expression of the productivity pattern for the public hospitals in the South – west for the period studied.

[bookmark: _Toc514203735][bookmark: _Toc514204492]Figure 4.3: Measure of ΔEFF, ΔTECH and ΔTFP for Public Hospitals in Southwest, Nigeria. 2007 – 2016
[bookmark: _Hlk497237005]
[bookmark: _Toc514203736][bookmark: _Toc514204493]Table 4.4 Malmquist Productivity Result for Private Hospital
	Year
	ΔEFF
	ΔTECH
	ΔTFP
	Decision 
For ΔEFF
	Decision 
For ΔTECH
	Decision 
For ΔTFP

	2007/2008
	1.103
	0.929
	1.025
	Progressing
	Deteriorating
	Progressing

	2008/2009
	0.865
	1.113
	0.962
	Deteriorating
	Progressing
	Deteriorating

	2009/2010
	0.998
	0.819
	0.817
	Deteriorating
	Deteriorating
	Deteriorating

	2010/2011
	0.869
	1.162
	1.009
	Deteriorating
	Progressing
	Progressing

	2011/2012
	1.090
	0.902
	0.982
	Progressing
	Deteriorating
	Deteriorating

	2012/2013
	0.531
	1.684
	0.893
	Deteriorating
	Progressing
	Deteriorating

	2013/2014
	1.901
	0.620
	1.179
	Progressing
	Deteriorating
	Progressing

	2014/2015
	0.953
	1.052
	1.003
	Deteriorating
	Progressing
	Progressing

	2015/2016
	1.087
	0.814
	0.885
	Progressing
	Deteriorating
	Deteriorating 

	Summary of the Annual Mean
	0.993
	0.975
	0.968
	Deteriorating
	Deteriorating
	Deteriorating


Source: Author’s computation using DEAP Version 2.1
[bookmark: _Toc514203737][bookmark: _Toc514204494]4.3.4	Technical Efficiency Change (ΔEFF) for Private hospitals
As stated earlier, the level of efficiency change relates to the increased level that individual hospitals are moving away or closer to the efficiency frontier. Thus, this productivity component reveals the hospital performance inside the borders of the production frontier relative to those hospitals performing on the frontier within the period (t) to (t+1). Table 4.4 also presents the change in technical efficiency, as well as its decomposition for the private hospitals in the Southwest. 
In terms of technical efficiency change in the private hospitals, shows that for 2007 – 2008, 2011 – 2012, 2013 – 2014 and 2015 -2016 there were progression in the pattern of growth in the private hospitals. However, for the other periods, the private hospitals growth pattern signaled deterioration with the period value less than 1.000. With the annual mean score of 0.993, it means that the changes in technical efficiency in the private hospital are declining in those periods and that the private hospitals are moving away from the efficiency frontier.
[bookmark: _Toc514203738][bookmark: _Toc514204495]4.3.5	Technological Change (ΔTECH) for Private hospitals
Table 4.4 also revealed the result for technological change (ΔTECH). From the result, it is evident that except for the periods 2008 – 2009, 2010 – 2011, 2012 - 2013 and 2014 -2015 in which the frontier shift is greater than 1.000, while the scores are less than one in all other years. Hence, only in the periods 2008 – 2009, 2010 – 2011, 2012 - 2013 and 2014 -2015 that the private hospital uses lower levels of input than in their previous periods in controlling for their output. However, in other years, the values were less than one indicating that there is an eventual decline in the technological change in the hospital. Therefore, looking at the result, it is evident that for the periods been considered, in most cases the hospitals are not progressing in their technological change. Overall, the product of the combined results of these changes showed an average of 0.975 indicating that the whole decline in private sector hospital technological change for the whole period. 
[bookmark: _Toc514203739][bookmark: _Toc514204496]4.3.6 Total Factor Productivity (ΔTFP) for Private hospitals
Table 4.4 also presents the summary of the productivity change results (the Malmquist index), in addition to the technical efficiency change and the components of the technological change. It can be noted here that the numbers which are located in the ΔTFP are produced by the ΔEFF and ΔTECH. Table 4.4 revealed that the hospital productivity decline, after the second year of 2008 - 2009. More specifically, there is a decline in productivity in the final year of 2015 -2016 with the ΔTFP of 0.968 signaling deterioration. The implication of this is that despite the new technology at the disposal of the private hospitals, the level of present inputs could not be optimally utilized to produce above the frontier. Hence, the level of efficiency is still diminishing. Similarly, the changes in technical efficiency in terms of purchasing new equipment, expansion of building and buying of more beds, still the level of productivity is not improving.
In summary, the results yielded by the Malmquist productivity indices, indicates that the private hospitals in the Southwest generally underwent poor technical efficiency changes during the entire study period. The geometric mean of this technical efficiency change is 0.993, signaling a decline to take place over the year. This implies that on average, the hospitals are not getting closer (undergoing deterioration) to the frontier. The geometric mean of technological change is 0.975, pointing to a decrease in their technology improvement over the years. Thus, it is indicated that the private hospitals have, on the average, have not experienced any improvement despite the technological change during the study period 2007 -2016. Therefore, there has been no improvement in terms of the productivity to achieve favorable shifts over the whole study period. This is because the results of progress in terms of technical efficiency change and stability in technological change are shown through the increase in total productivity change over time, with an average productivity score of 0.971 over the years. Analyzing, the Malmquist productivity indices reveals that the total factor productivity has not improved over the period of study. This non-improvement is attributed to the poor progress in technical efficiency change and technological change during the period, and it varied from one hospital to another used in the study. A further look into figure 4.4 below displays a diagrammatic expression of the productivity pattern of the private hospitals in the states.

[bookmark: _Toc514203740][bookmark: _Toc514204497]Figure 4.4: Measure of ΔEFF, ΔTECH and ΔTFP for Private Hospitals in Southwest, Nigeria. 2007 - 2016
[bookmark: _Toc514203741][bookmark: _Toc514204498]4.3.7	Comparison of Results on productivity pattern for Public and Private Hospitals
The pattern of productivity in terms of technical efficiency change, technological change and total factor productivity change for public and private hospitals are displayed diagrammatically below

[bookmark: _Toc514203742][bookmark: _Toc514204499]Figure 4.5. Technical Efficiency Change (ΔEFF) for Public and Private Hospital 2007/2008 – 2015/2016
From the graph, it shows that public hospitals scores were greater than 1 for the years 2007-2008, 2009 – 2010, 2010 – 2011, 2011 – 2012 and 2013 – 2014. These periods signal progression. However, other periods were less than 1 which denotes deterioration. For the private hospitals, they signal progression in 2007 – 2008, 2011 – 2012, 2013 – 2014 and 2015 – 2016. All other periods witnessed deterioration. 

[bookmark: _Toc514203743][bookmark: _Toc514204500]Figure 4.6. Technological Change (ΔTECH) for Public and Private Hospital 2007/2008 – 2015/2016

From the graph, it showed that public hospitals scores were greater than 1 for the years 2008 – 2009, 2014 – 2015 and 2015 – 2016. These periods signal progression in the technological efficiency change. However, other periods were less than 1 which denotes deterioration. For the private hospitals, they signal progression in 2008 - 2009, 2010 – 2011, 2012 - 2013 and 2013 - 2014. All other periods witnessed deterioration in the technological change. 

[bookmark: _Toc514203744][bookmark: _Toc514204501]Figure 4.7. ΔTFP for Public and Private Hospital 2007/2008 – 2015/2016
From the graph, it showed that public hospitals, scores were greater than 1 for the years 2008 – 2009, 2010 - 2011 and 2015 – 2016. These periods signal progression in the total factor productivity change. However, other periods were less than 1 which denotes deterioration. For the private hospitals, they signal progression in 2007 – 2008, 2010 – 2011 and 2013 - 2014. All other periods witnessed deterioration in the technological change. A further look into figure 4.8 below display a diagrammatic expression Summary of Mean for ΔEFF, ΔTECH and ΔTFP for Public and Private Hospitals in Southwest, Nigeria from 2007/2008 –2015/2016.

[bookmark: _Toc514203745][bookmark: _Toc514204502]Figure 4.8 Summary of Mean for ΔEFF, ΔTECH and ΔTFP for Public and Private Hospitals in Southwest, Nigeria from 2007/2008 –2015/2016.
Figure 4.8 displayed the graph for the Malmquist Productivity index. Based on the chart, it is glaring that in terms of Technical Efficiency change, the private sector performs more and moving closer to the efficiency frontier. However, in terms of technological change and total factor productivity change, the public hospitals are more in these areas. This shows that more workers are been employed but not been efficient in the production of health care facilities. However, for the period under study, both privates and public hospitals were deteriorating and are moving farther from the efficiency frontier.




[bookmark: _Toc514203746][bookmark: _Toc514204503]4.4	Presentation of the DEA Technical Efficiency, Allocative Efficiency and Cost 	Efficiency Result of the five states.
[bookmark: _Toc514203747][bookmark: _Toc514204504]Lagos State
[bookmark: _Toc514203748][bookmark: _Toc514204505]Table 4.5 Efficiency Summary of Public Hospitals in Lagos in 2007
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.754
	0.697
	0.648
	1.000
	1.000
	0.730
	1.000
	1.000
	1.000
	1.000
	0.883

	Allocative Efficiency
	0.469
	0.439
	0.346
	0.374
	0.376
	0.329
	0.407
	0.240
	0.304
	1.000
	0.428

	Cost Efficiency
	0.354
	0.306
	0.224
	0.374
	0.376
	0.240
	0.407
	0.240
	0.304
	1.000
	0.383


Source: Author’s Computation using DEAP Version 2.1
Note: 1. DMU stands for Decision Making Unit
          2. DMU 1,2,3,,,10 denotes the hospitals used in the study
Table 4.5 revealed that in 2007, DMU4, DMU5, DMU7, DMU8, DMU9 and DMU10 had perfect efficiency measure of 1.000, meaning that they were perfectly technically efficient in using their inputs resources. DMU1 and DMU6 showed a good score of 0.754 and 0.730 respectively meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.

Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other hospitals have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203750][bookmark: _Toc514204507]Table 4.6 Efficiency Summary of Public Hospitals in Lagos in 2008
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.975
	0.874
	0.763
	1.000
	0.791
	1.000
	1.000
	1.000
	1.000
	0.767
	0.917

	Allocative Efficiency
	0.876
	0.992
	0.808
	0.787
	0.788
	0.833
	1.000
	0.625
	0.672
	0.870
	0.825

	Cost Efficiency
	0.854
	0.867
	0.616
	0.787
	0.624
	0.833
	1.000
	0.625
	0.672
	0.667
	0.755


Source: Author’s Computation using DEAP Version 2.1
Table 4.6 showed that in 2008, DMU4, DMU6, DMU7, DMU8 and DMU9 had perfect efficiency measure of 1.000 in terms of technical allocation meaning that they were perfectly technical efficient in using their inputs resources to produce output. DMU1, DMU2, DMU3, DMU5 and DMU10 showed a good score of above 0.700 respectively meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency in terms of using their inputs to produce the maximum output.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that the hospital is optimally allocating both human and other equipment resources to the production of health care services in the state in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU8 and DMU9 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other DMUs have a value of less than 0.7 which were low, revealing that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203752][bookmark: _Toc514204509]Table 4.7 Efficiency Summary of Public Hospitals in Lagos in 2009
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.880
	0.895
	0.905
	1.000
	0.874
	0.928
	1.000
	1.000
	1.000
	0.718
	0.920

	Allocative Efficiency
	0.917
	0.899
	0.842
	0.738
	0.835
	0.887
	1.000
	0.668
	0.728
	0.892
	0.841

	Cost Efficiency
	0.807
	0.804
	0.762
	0.738
	0.730
	0.823
	1.000
	0.668
	0.728
	0.640
	0.770


Source: Author’s Computation using DEAP Version 2.1
Table 4.7 showed that in 2009, DMU4, DMU7, DMU8 and DMU9 had perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output with their scores been 1. Although all other DMUs shows a high score meaning that they are tending towards technical efficiency but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. It can be seen that the hospital maintained the same level in 2007 and 2008 which shows that for these two periods the hospital is doing everything possible in order to maintain efficiency in their health care provision. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU8 was less than 0.7 implying that in 2008 it has a low allocative efficiency and are not closer to improvement. The implication of this is that in 2008 this hospital is paying more than it can generate.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. The outcome of this may be as a result of the weight in which other hospitals which were not efficient has over the technically efficient one. 
[bookmark: _Toc514203754][bookmark: _Toc514204511]Table 4.8 Efficiency Summary of Public Hospitals in Lagos in 2010
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.802
	0.840
	0.917
	1.000
	0.880
	0.780
	1.000
	1.000
	1.000
	0.723
	0.894

	Allocative Efficiency
	0.955
	0.860
	0.785
	0.762
	0.830
	0.864
	1.000
	0.680
	0.697
	0.886
	0.832

	Cost Efficiency
	0.766
	0.723
	0.720
	0.762
	0.731
	0.674
	1.000
	0.680
	0.697
	0.641
	0.739


Source: Author’s Computation using DEAP Version 2.1
Table 4.8 revealed that in 2010, DMU4, DMU7, DMU8 and DMU9 maintained their perfect technically efficient level having their efficiency score levels as 1.000. These depict the fact that for the year 2009 and 2010 these hospitals providers maintained their status quo in the efficient use of their input to provide output in terms of technicality.  meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMUs value shows a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency. In terms of allocative efficiency, DMU7 still maintained its efficiency by having a score of 1.000. Also, only the hospital was found to be cost effective.
[bookmark: _Toc514203756][bookmark: _Toc514204513]Table 4.9 Efficiency Summary of Public Hospitals in Lagos in 2011
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.917
	1.000
	0.968
	0.836
	0.852
	1.000
	0.962
	1.000
	0.815
	0.935

	Allocative Efficiency
	1.000
	0.860
	0.825
	0.881
	0.906
	0.905
	0.977
	0.779
	0.746
	0.920
	0.880

	Cost Efficiency
	1.000
	0.789
	0.825
	0.852
	0.758
	0.771
	0.977
	0.750
	0.746
	0.750
	0.822


Source: Author’s Computation using DEAP Version 2.1
Table 4.9 revealed that in 2011, DMU1, DMU3, DMU4, DMU7 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Some DMUs which were efficient in the previous year fall from the score of 1.000. For example, DMU4 and DMU8 scores from 1.000 in year 2009 fell to 0.968 and 0.962 respectively. Although, their scores were still closer to the efficiency score of 1.000 but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 has a score of 1.000. This mean that it has properly choosing the correct mix of inputs given the input prices indicating that the hospital is optimally allocating both the human resources and other equipment to the production of health care in such a way that their productivity is maximized. Hospitals that were technically and allocatively efficient can only be cost efficient, based on the result, only DMU1 was found with a score of 1.000 meaning that it is only the hospital that has the overall efficiency. 



[bookmark: _Toc514203758][bookmark: _Toc514204515]Table 4.10 Efficiency Summary of Public Hospitals in Lagos in 2012
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.909
	0.956
	0.978
	0.800
	0.766
	0.917
	0.870
	1.000
	0.780
	0.898

	Allocative Efficiency
	0.468
	0.499
	0.418
	0.409
	0.428
	0.476
	0.452
	0.388
	1.000
	0.407
	0.495

	Cost Efficiency
	0.468
	0.453
	0.399
	0.400
	0.343
	0.365
	0.415
	0.337
	1.000
	0.317
	0.450


Source: Author’s Computation using DEAP Version 2.1
Table 4.10 revealed that in 2012, only DMU1 and DMU9 maintained their level of technical efficiency by meeting the efficiency score of 1. Others that have the scores less than 1 have a higher value closer to 1. However, only DMU9 was efficient in terms of allocation and this means that the hospital is properly choosing the correct mix of inputs given the input prices and are optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were low in this period indicating a poor utilization of the input given their prices on the production of effective health care in the state.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output are really poor. 



[bookmark: _Toc514203760][bookmark: _Toc514204517]Table 4.11 Efficiency Summary of Public Hospitals in Lagos in 2013
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.171
	0.150
	0.154
	0.126
	0.105
	0.122
	0.127
	1.000
	0.171
	0.101
	0.223

	Allocative Efficiency
	0.743
	0.732
	0.638
	0.863
	0.936
	0.813
	0.909
	1.000
	0.604
	0.896
	0.813

	Cost Efficiency
	0.127
	0.110
	0.098
	0.108
	0.099
	0.099
	0.116
	1.000
	0.103
	0.190
	0.195


Source: Author’s Computation using DEAP Version 2.1
Table 4.11 showed that in 2013, all the DMUs perform poorly in terms of technical efficiency aside from DMU8 that showed perfect efficiency measure of 1.000, meaning that they were not perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency however, most of the DMUs values were closer to the efficiency score of 1 in that they range between 0.732 to 0.936 respectively aside from DMU3 and DMU9 which have a lower score of less than 0.7. This result indicates that for 2012 only DMU8 perform higher by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. 



[bookmark: _Toc514203762][bookmark: _Toc514204519]Table 4.12 Efficiency Summary of Public Hospitals in Lagos in 2014
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.987
	1.000
	0.899
	0.899
	1.000
	0.789
	1.000
	0.774
	0.935

	Allocative Efficiency
	1.000
	0.862
	0.817
	0.884
	0.902
	0.885
	0.919
	0.936
	0.796
	0.905
	0.891

	Cost Efficiency
	1.000
	0.862
	0.807
	0.884
	0.810
	0.795
	0.919
	0.739
	0.796
	0.700
	0.831


Source: Author’s Computation using DEAP Version 2.1
Table 4.12 displayed that in 2014, DMU1, DMU2, DMU4, DMU7 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output.  Other DMU’s though showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.796 and 0.936 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have scores between than 0.700 and 0.919 which were less than the efficiency scores of 1.000 meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. The outcome of this may be as a result of the weight in which other hospitals which were not efficient has over the technically efficient one. 

[bookmark: _Toc514203764][bookmark: _Toc514204521]Table 4.13 Efficiency Summary of Public Hospitals in Lagos in 2015
	Efficiency/
DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.957
	1.000
	0.995
	1.000
	0.911
	1.000
	0.857
	1.000
	0.752
	0.947

	Allocative Efficiency
	1.000
	0.893
	0.860
	0.888
	0.928
	0.899
	0.969
	0.925
	0.775
	0.939
	0.908

	Cost Efficiency
	1.000
	0.855
	0.860
	0.884
	0.928
	0.819
	0.969
	0.793
	0.775
	0.706
	0.859


Source: Author’s Computation using DEAP Version 2.1
Table 4.16 showed that in 2015, DMU1, DMU3, DMU5, DMU7 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMUs showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency. In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that it is optimally allocating both human resources and other equipment to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203766][bookmark: _Toc514204523]Table 4.14: Efficiency Summary of Public Hospital in Lagos State in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.995
	1.000
	1.000
	0.954
	1.000
	0.876
	0.860
	0.846
	0.953

	Allocative Efficiency
	1.000
	0.895
	0.879
	0.934
	0.950
	0.874
	0.938
	0.978
	0.908
	0.883
	0.924

	Cost Efficiency
	1.000
	0.895
	0.875
	0.934
	0.950
	0.834
	0.938
	0.857
	0.781
	0.748
	0.881


Source: Author’s Computation using DEAP Version 2.1
Table 4.17 showed that in 2016, DMU1, DMU2, DMU4, DMU5 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMUs showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 meaning that the hospital is properly choosing the correct mix of inputs given the input prices, meaning that it is optimally allocating both human resources and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU8 and DMU9 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. The outcome of this may be as a result of the weight in which other hospitals which were not efficient has over the technically efficient one. 
[bookmark: _Toc514203768][bookmark: _Toc514204525]Table 4.15: Efficiency Summary of Private Hospital in Lagos State in 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.857
	0.813
	0.903
	1.000
	0.861
	1.000
	1.000
	0.961
	0.851
	0.925

	Allocative Efficiency
	0.922
	0.996
	0.893
	0.882
	0.929
	0.897
	1.000
	0.850
	0.870
	0.968
	0.921

	Cost Efficiency
	0.922
	0.854
	0.726
	0.796
	0.929
	0.772
	1.000
	0.850
	0.836
	0.824
	0.851


Source: Author’s Computation using DEAP Version 2.1
Table 4.15 showed that in 2007, DMU1, DMU5, DMU7 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output This shows that the input used by these hospitals are efficient in the production of health care facilities. DMU1, DMU2, DMU3, DMU5 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU8 and DMU9 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other hospitals have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203770][bookmark: _Toc514204527]Table 4.16: Efficiency Summary of Private Hospital in Lagos State 2008
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.989
	0.922
	0.848
	0.897
	0.828
	1.000
	1.000
	0.757
	0.932
	0.815
	0.899

	Allocative Efficiency
	0.888
	0.953
	0.862
	0.929
	0.872
	1.000
	0.967
	0.983
	0.961
	0.938
	0.935

	Cost Efficiency
	0.878
	0.879
	0.731
	0.834
	0.722
	1.000
	0.967
	0.744
	0.896
	0.764
	0.841


Source: Author’s Computation using DEAP Version 2.1
Table 4.16 showed that in 2008, only DMU6 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Hence, no input waste in the provision of health care services in these hospitals. However, the other were less than 1.000, though most of them have a high score of above 0.700 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency as some of their input are still idle and as a result leading to waste. Hence, there is need to reduce their inputs by percentage of input waste with the same level of output.
In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that the hospital is optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that the hospital is allocating his resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output in the provision of health care. 
[bookmark: _Toc514203772][bookmark: _Toc514204529][bookmark: _Hlk496960001]Table 4.17 Efficiency Summary of Lagos State private hospitals in 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.923
	0.939
	0.962
	0.846
	0.845
	0.964
	1.000
	0.773
	1.000
	0.792
	0.904

	Allocative Efficiency
	0.936
	0.793
	0.764
	0.857
	0.852
	0.911
	1.000
	0.887
	0.826
	0.834
	0.866

	Cost Efficiency
	0.864
	0.744
	0.735
	0.725
	0.720
	0.879
	1.000
	0.686
	0.826
	0.661
	0.784


Source: Author’s Computation using DEAP Version 2.1
Table 4.17 showed that in 2009, only DMU7 and DMU9 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
[bookmark: _Hlk496960026]Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. It can therefore be shown in Figure 4.14 below that only DMU7 still maintained perfect efficiency scores in terms of technicality, allocation and cost. This is because it touches the efficiency score line implying that the hospital is optimally allocating all his human and capital resources to the production of efficient health care. 
[bookmark: _Toc514203774][bookmark: _Toc514204531]Table 4.18 Efficiency Summary of Lagos State private hospitals in 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.895
	0.902
	0.961
	0.857
	0.851
	0.864
	1.000
	0.783
	1.000
	0.960
	0.894

	Allocative Efficiency
	0.932
	0.902
	0.839
	0.851
	0.825
	0.897
	1.000
	0.873
	0.798
	0.70
	0.883

	Cost Efficiency
	0.834
	0.814
	0.806
	0.729
	0.702
	0.775
	1.000
	0.683
	0.798
	0.760
	0.790


Source: Author’s Computation using DEAP Version 2.1
Table 4.18 showed that in 2010, only DMU7 and DMU9 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 


[bookmark: _Toc514203776][bookmark: _Toc514204533]Table 4.19 Efficiency Summary of Lagos State private hospitals in 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.476
	1.000
	0.965
	0.925
	0.965
	0.968
	0.820
	1.000
	1.000
	0.912

	Allocative Efficiency
	1.000
	0.798
	0.790
	0.943
	0.908
	0.872
	0.983
	0.775
	0.750
	0.722
	0.834

	Cost Efficiency
	1.000
	0.380
	0.790
	0.909
	0.840
	0.842
	0.758
	0.636
	0.750
	0.722
	0.763


Source: Author’s Computation using DEAP Version 2.1
Table 4.19 showed that in 2011, DMU1, DMU3, DMU9 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMUs showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production efficiently in the production of health care facilities. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203778][bookmark: _Toc514204535]Table 4.20 Efficiency Summary of Lagos State private hospitals in 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.840
	1.000
	1.000
	0.729
	0.859
	0.971
	0.739
	0.903
	0.707
	0.875

	Allocative Efficiency
	1.000
	0.945
	0.949
	0.986
	0.985
	0.980
	0.960
	0.980
	0.900
	0.982
	0.967

	Cost Efficiency
	1.000
	0.794
	0.949
	0.986
	0.717
	0.842
	0.932
	0.724
	0.813
	0.695
	0.845


Source: Author’s Computation using DEAP Version 2.1
Table 4.20 shows that in 2012, only DMU1, DMU3 and DMU4 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.900 and 0.986 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203780][bookmark: _Toc514204537]Table 4.21 Efficiency Summary of Lagos State private hospitals in 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.684
	0.574
	0.748
	1.000
	0.672
	0.698
	0.800
	0.649
	0.618
	0.744

	Allocative Efficiency
	1.000
	0.981
	0.980
	0.922
	0.786
	0.972
	0.980
	0.913
	0.992
	0.953
	0.948

	Cost Efficiency
	1.000
	0.672
	0.562
	0.690
	0.786
	0.653
	0.684
	0.731
	0.644
	0.589
	0.701


Source: Author’s Computation using DEAP Version 2.1
Table 4.21 shows that in 2013, only DMU1 and DMU5 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a weak score below 0.700 except DMU4 and DMU8 which were o\0.748 and 0.800 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production.  


[bookmark: _Toc514203782][bookmark: _Toc514204539]Table 4.22 Efficiency Summary of Lagos State private hospitals in 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.949
	1.000
	0.798
	1.000
	0.761
	0.995
	0.906
	0.808
	0.894
	0.911

	Allocative Efficiency
	0.797
	0.821
	1.000
	0.880
	0.764
	0.861
	0.812
	0.908
	0.820
	0.868
	0.853

	Cost Efficiency
	0.797
	0.780
	1.000
	0.703
	0.764
	0.656
	0.808
	0.822
	0.662
	0.775
	0.777


Source: Author’s Computation using DEAP Version 2.1
Table 4.22 showed that in 2014, only DMU1, DMU3 and DMU5 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.In terms of allocative efficiency, only DMU3 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU3 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203784][bookmark: _Toc514204541]Table 4.23 Efficiency Summary of Lagos State private hospitals in 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.816
	0.831
	1.000
	0.811
	0.895
	0.855
	1.000
	0.790
	0.700
	0.870

	Allocative Efficiency
	0.864
	0.915
	0.905
	0.878
	0.970
	0.928
	0.946
	1.000
	0.889
	0.949
	0.924

	Cost Efficiency
	0.864
	0.747
	0.752
	0.878
	0.787
	0.830
	0.809
	1.000
	0.703
	0.664
	0.803


Source: Author’s Computation using DEAP Version 2.1
Table 4.23 showed that in 2015, only DMU1, DMU4 and DMU8 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 


[bookmark: _Toc514203786][bookmark: _Toc514204543]Table 4.24 Efficiency Summary of Lagos State private hospitals in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU 
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.998
	1.000
	0.997
	1.000
	0.965
	0.983
	1.000
	0.934
	0.909
	0.864
	0.965

	Allocative Efficiency
	0.945
	0.900
	0.855
	0.919
	0.930
	0.873
	1.000
	0.923
	0.997
	0.894
	0.924

	Cost Efficiency
	0.944
	0.900
	0.852
	0.919
	0.897
	0.858
	1.000
	0.862
	0.906
	0.773
	0.891


Source: Author’s Computation using DEAP Version 2.1
Table 4.24 show edthat in 2016, only DMU4 and DMU7 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 


[bookmark: _Toc514203788][bookmark: _Toc514204545]Osun State
[bookmark: _Toc514203789][bookmark: _Toc514204546]Table 4.25: Efficiency Summary of Public Hospitals in Osun State in 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.884
	1.000
	0.541
	0.569
	0.709
	1.000
	0.446
	1.000
	0.659
	1.000
	0.781

	Allocative Efficiency
	0.508
	0.771
	0.543
	0.582
	0.715
	0.722
	0.595
	1.000
	0.660
	0.702
	0.680

	Cost Efficiency
	0.449
	0.771
	0.294
	0.331
	0.507
	0.722
	0.266
	1.000
	0.660
	0.702
	0.548


Source: Author’s Computation using DEAP Version 2.1
Table 4.25 showed that in 2007, DMU2, DMU6, DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203791][bookmark: _Toc514204548]Table 4.26 Efficiency Summary of Public Hospital in Osun State in 2008
	[bookmark: _Hlk496262208]Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.938
	0.869
	0.712
	0.707
	0.718
	1.000
	0.888
	0.681
	0.873
	1.000
	0.839

	Allocative Efficiency
	0.539
	0.666
	0.648
	0.832
	0.825
	0.862
	0.563
	0.986
	0.858
	1.000
	0.778

	Cost Efficiency
	0.506
	0.579
	0.462
	0.588
	0.592
	0.862
	0.500
	0.672
	0.749
	1.000
	0.651


Source: Author’s Computation using DEAP Version 2.1
Table 4.26 showed that in 2008, DMU6 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1, DMU2, DMU7, and DMU9 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU1 DMU2, DMU3, and DMU7 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other hospitals have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum outputs. The outcome of this may be as a result of the weight in which other hospitals which were not efficient has over the technically efficient one. 
[bookmark: _Toc514203793][bookmark: _Toc514204550]Table 4.27 Efficiency Summary of Public Hospital in Osun State in 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.970
	1.000
	0.844
	0.934
	0.644
	1.000
	0.888
	0.807
	1.000
	0.950
	0.904

	Allocative Efficiency
	0.698
	0.969
	0.709
	0.801
	0.935
	1.000
	0.690
	0.896
	0.670
	0.820
	0.819

	Cost Efficiency
	0.677
	0.969
	0.598
	0.748
	0.602
	1.000
	0.613
	0.724
	0.670
	0.779
	0.738


Source: Author’s Computation using DEAP Version 2.1
Table 4.27 showed that in 2009, DMU2, DMU6, and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1, DMU3, DMU4, DMU7, DMU8 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU1, DMU7 and DMU9 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203795][bookmark: _Toc514204552]Table 4.28 Efficiency Summary of Public Hospital in Osun State in 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.799
	1.000
	0.939
	0.714
	0.955
	0.798
	0.971
	0.896
	0.907

	Allocative Efficiency
	0.830
	0.861
	0.851
	1.000
	0.881
	0.906
	0.988
	0.956
	0.983
	0.926
	0.918

	Cost Efficiency
	0.830
	0.861
	0.680
	1.000
	0.828
	0.647
	0.943
	0.763
	0.955
	0.829
	0.834


Source: Author’s Computation using DEAP Version 2.1
Table 4.28 showed that in 2010, DMU1, DMU2, and DMU4 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU5, DMU7, DMU9 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU4 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203797][bookmark: _Toc514204554]Table 4.29 Efficiency Summary of Public Hospital in Osun State in 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.791
	1.000
	1.000
	0.806
	1.000
	0.559
	0.912
	0.911
	0.898

	Allocative Efficiency
	0.863
	0.918
	0.923
	0.954
	1.000
	0.911
	0.919
	0.925
	0.968
	0.917
	0.930

	Cost Efficiency
	0.863
	0.918
	0.731
	0.954
	1.000
	0.734
	0.919
	0.517
	0.883
	0.836
	0.836


Source: Author’s Computation using DEAP Version 2.1
Table 4.29 showed that in 2011, DMU1, DMU2, DMU4, DMU5 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU6, DMU9 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. The outcome of this may be as a result of the weight in which other hospitals which were not efficient has over the technically efficient one. 

[bookmark: _Toc514203799][bookmark: _Toc514204556]Table 4.30 Efficiency Summary of Public Hospital in Osun State in 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.833
	1.000
	0.947
	0.857
	0.997
	0.681
	1.000
	0.941
	0.932

	Allocative Efficiency
	0.826
	0.969
	0.914
	0.982
	0.931
	0.897
	0.879
	0.979
	1.000
	0.941
	0.932

	Cost Efficiency
	0.826
	0.969
	0.761
	0.982
	0.881
	0.769
	0.876
	0.667
	1.000
	0.886
	0.862


Source: Author’s Computation using DEAP Version 2.1
Table 4.30 showed that in 2012, DMU1, DMU2, DMU4, and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. Other DMUs though showed a high score above 0.700 except for DMU8 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203801][bookmark: _Toc514204558]Table 4.31 Efficiency Summary of Public Hospital in Osun State in 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.933
	1.000
	0.852
	1.000
	0.943
	0.929
	1.000
	0.823
	0.951
	0.976
	0.941

	Allocative Efficiency
	0.972
	0.932
	0.953
	1.000
	0.957
	0.954
	0.924
	0.991
	0.965
	0.952
	0.960

	Cost Efficiency
	0.907
	0.932
	0.812
	1.000
	0.903
	0.887
	0.924
	0.816
	0.918
	0.930
	0.903


Source: Author’s Computation using DEAP Version 2.1
Table 4.31 showed that in 2013, DMU2, DMU4, and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1, DMU3, DMU5, DMU6, DMU8, DMU9 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU4 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203803][bookmark: _Toc514204560]Table 4.32 Efficiency Summary of Public Hospital in Osun State in 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.889
	1.000
	0.784
	1.000
	0.924
	0.871
	0.959
	0.828
	0.959
	0.978
	0.919

	Allocative Efficiency
	0.971
	1.000
	0.994
	0.985
	0.948
	0.998
	0.925
	0.984
	0.954
	0.950
	0.971

	Cost Efficiency
	0.863
	1.000
	0.779
	0.985
	0.876
	0.869
	0.887
	0.815
	0.915
	0.929
	0.892


Source: Author’s Computation using DEAP Version 2.1
Table 4.32 showed that in 2014, DMU2, and DMU4 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1, DMU5, DMU6, DMU7, DMU8, DMU9 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU2 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU2 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203805][bookmark: _Toc514204562]Table 4.33 Efficiency Summary of Public Hospital in Osun State in 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.886
	1.000
	0.965
	1.000
	1.000
	0.967
	1.000
	0.906
	0.948
	0.945
	0.962

	Allocative Efficiency
	0.946
	0.979
	0.869
	1.000
	0.921
	0.881
	0.836
	0.981
	0.922
	0.961
	0.930

	Cost Efficiency
	0.839
	0.979
	0.838
	1.000
	0.921
	0.852
	0.836
	0.889
	0.874
	0.908
	0.894


Source: Author’s Computation using DEAP Version 2.1
Table 4.33 showed that in 2015, DMU2, DMU4, DMU5, and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1, DMU3, DMU6, DMU8, DMU9 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU4 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
[bookmark: _Hlk496984122]Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203807][bookmark: _Toc514204564]Table 4.34 Efficiency Summary of Public Hospital in Osun State in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.935
	0.674
	0.844
	1.000
	1.000
	0.969
	1.000
	0.980
	0.924
	0.999
	0.932

	Allocative Efficiency
	0.980
	0.917
	0.921
	1.000
	0.988
	0.935
	0.931
	0.982
	0.969
	0.986
	0.961

	Cost Efficiency
	0.916
	0.618
	0.777
	1.000
	0.988
	0.906
	0.931
	0.962
	0.895
	0.986
	0.898


Source: Author’s Computation using DEAP Version 2.1
Table 4.34 showed that in 2016, DMU4, DMU5 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU1, DMU3, DMU6, DMU8, DMU9 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU4 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203809][bookmark: _Toc514204566]Table 4.35 Efficiency Summary of Private Hospital in Osun State 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.766
	0.505
	0.900
	0.540
	0.674
	0.909
	0.680
	1.000
	0.937
	1.000
	0.791

	Allocative Efficiency
	0.926
	0.699
	0.955
	0.934
	0.815
	0.856
	0.728
	1.000
	0.649
	0.737
	0.830

	Cost Efficiency
	0.709
	0.353
	0.859
	0.504
	0.549
	0.779
	0.495
	1.000
	0.608
	0.737
	0.659


Source: Author’s Computation using DEAP Version 2.1
Table 4.35 showed that in 2007, DMU2, DMU6 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. Other DMUs result were less than 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203811][bookmark: _Toc514204568]Table 4.36 Efficiency Summary of Private Hospital in Osun State 2008
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	1.000
	0.626
	0.529
	0.413
	1.000
	0.546
	0.620
	0.496
	0.723

	Allocative Efficiency
	1.000
	0.852
	0.823
	0.794
	0.899
	0.853
	0.975
	0.890
	0.882
	0.854
	0.882

	Cost Efficiency
	1.000
	0.852
	0.823
	0.497
	0.475
	0.352
	0.975
	0.486
	0.547
	0.423
	0.643


Source: Author’s Computation using DEAP Version 2.1
Table 4.36 showed that in 2008, only DMU1 and DMU3 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMUs result were less than 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203813][bookmark: _Toc514204570]Table 4.37 Efficiency Summary of Private Hospital in Osun State 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.564
	0.950
	1.000
	0.681
	0.540
	0.641
	0.430
	1.000
	1.000
	0.949
	0.775

	Allocative Efficiency
	0.517
	0.478
	0.504
	0.470
	0.512
	0.502
	0.395
	0.907
	1.000
	0.943
	0.623

	Cost Efficiency
	0.292
	0.454
	0.504
	0.320
	0.276
	0.322
	0.170
	0.907
	1.000
	0.895
	0.514


Source: Author’s Computation using DEAP Version 2.1
Table 4.37 showed that in 2009, onlyDMU3, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMUs result were less than 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 


[bookmark: _Toc514203815][bookmark: _Toc514204572]Table 4.38 Efficiency Summary of Private Hospital in Osun State 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.686
	1.000
	0.596
	0.625
	0.915
	0.772
	1.000
	0.529
	0.484
	0.946
	0.755

	Allocative Efficiency
	0.772
	0.771
	0.793
	0.983
	0.884
	0.863
	1.000
	0.956
	0.995
	0.891
	0.891

	Cost Efficiency
	0.530
	0.771
	0.473
	0.614
	0.809
	0.667
	1.000
	0.506
	0.481
	0.843
	0.669


Source: Author’s Computation using DEAP Version 2.1
Table 4.38 showed that in 2010, only DMU2 and DMU7 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 


[bookmark: _Toc514203817][bookmark: _Toc514204574]Table 4.39 Efficiency Summary of Private Hospital in Osun State 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.890
	1.000
	0.664
	0.750
	1.000
	1.000
	1.000
	0.631
	0.619
	0.638
	0.816

	Allocative Efficiency
	0.676
	0.618
	0.799
	0.843
	1.000
	0.793
	0.904
	0.870
	0.963
	0.882
	0.835

	Cost Efficiency
	0.601
	0.618
	0.530
	0.632
	1.000
	0.793
	0.904
	0.548
	0.595
	0.563
	0.678


Source: Author’s Computation using DEAP Version 2.1
Table 4.39 showed that in 2011, DMU2, DMU5, DMU6and DMU7 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score below 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203819][bookmark: _Toc514204576]Table 4.40 Efficiency Summary of Private Hospital in Osun State 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.680
	0.749
	0.806
	0.654
	0.899
	1.000
	0.853
	0.927
	1.000
	0.869
	0.842

	Allocative Efficiency
	0.7111
	0.569
	0.729
	0.812
	0.816
	0.716
	0.767
	0.787
	1.000
	0.845
	0.775

	Cost Efficiency
	0.484
	0.426
	0.587
	0.531
	0.733
	0.716
	0.641
	0.730
	1.000
	0.734
	0.658


Source: Author’s Computation using DEAP Version 2.1
Table 4.40 showed that in 2012, only DMU6and DMU9 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were below 1.000 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203821][bookmark: _Toc514204578]Table 4.41 Efficiency Summary of Private Hospital in Osun State 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.966
	1.000
	1.000
	0.790
	0.797
	0.933
	0.662
	0.549
	0.759
	0.702
	0.816

	Allocative Efficiency
	0.967
	0.851
	1.000
	0.980
	0.947
	0.941
	0.917
	0.983
	0.959
	0.934
	0.948

	Cost Efficiency
	0.933
	0.851
	1.000
	0.774
	0.755
	0.878
	0.607
	0.540
	0.728
	0.656
	0.772


Source: Author’s Computation using DEAP Version 2.1
Table 4.41 above showed that in 2013, only DMU2 and DMU3 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU3 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were below the score of 1.000 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU3 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203823][bookmark: _Toc514204580]Table 4.42 Efficiency Summary of Private Hospital in Osun State 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.865
	1.000
	0.842
	1.000
	0.908
	0.955
	0.845
	0.802
	1.000
	0.905
	0.912

	Allocative Efficiency
	0.979
	0.862
	0.889
	0.966
	0.985
	0.874
	0.930
	0.951
	1.000
	0.988
	0.942

	Cost Efficiency
	0.847
	0.862
	0.749
	0.966
	0.894
	0.834
	0.786
	0.762
	1.000
	0.894
	0.859


Source: Author’s Computation using DEAP Version 2.1
Table 4.42 showed that in 2014, only DMU2, DMU4 and DMU9 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 



[bookmark: _Toc514203825][bookmark: _Toc514204582]Table 4.43 Efficiency Summary of Private Hospital in Osun State 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.813
	0.898
	0.946
	0.833
	1.000
	1.000
	1.000
	0.783
	0.881
	0.785
	0.894

	Allocative Efficiency
	0.996
	0.973
	0.981
	0.990
	0.998
	0.998
	0.908
	0.992
	0.995
	0.995
	0.982

	Cost Efficiency
	0.809
	0.874
	0.927
	0.825
	0.998
	0.998
	0.908
	0.777
	0.876
	0.780
	0.877


Source: Author’s Computation using DEAP Version 2.1
Table 4.43 showed that in 2015, only DMU5, DMU6 and DMU7 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, none of the DMUs showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All of the DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 






[bookmark: _Toc514203827][bookmark: _Toc514204584]Table 4.44 Efficiency Summary of Private Hospital in Osun State 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.547
	0.619
	0.768
	0.575
	1.000
	1.000
	0.986
	0.733
	0.871
	0.983
	0.808

	Allocative Efficiency
	0.987
	0.902
	0.966
	0.978
	1.000
	0.983
	0.885
	0.983
	0.962
	0.997
	0.964

	Cost Efficiency
	0.540
	0.558
	0.742
	0.562
	1.000
	0.983
	0.873
	0.720
	0.838
	0.979
	0.780


Source: Author’s Computation using DEAP Version 2.1
Table 4.44 showed that in 2016, only DMU5 and DMU6 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.7 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 

[bookmark: _Toc514203829][bookmark: _Toc514204586]Oyo State
[bookmark: _Toc514203830][bookmark: _Toc514204587]Table 4.45 Efficiency Summary of Public Hospital in Oyo State in 2007
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.794
	0.794
	1.000
	0.685
	0.665
	0.951
	1.000
	0.836
	1.000
	1.000
	0.872

	Allocative Efficiency
	0.726
	0.972
	0.806
	0.933
	0.840
	0.717
	1.000
	0.822
	0.837
	0.738
	0.839

	Cost Efficiency
	0.577
	0.771
	0.806
	0.639
	0.558
	0.682
	1.000
	0.687
	0.837
	0.738
	0.729


Source: Author’s Computation using DEAP Version 2.1
Table 4.45 showed that in 2007, DMU3, DMU7, DMU9 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU6 and DMU8 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203832][bookmark: _Toc514204589]Table 4.46	Efficiency Summary of Public Hospital in Oyo State in 2008
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.904
	0.724
	0.766
	0.757
	0.891
	1.000
	0.984
	1.000
	0.898
	1.000
	0.892

	Allocative Efficiency
	0.820
	0.983
	0.756
	0.972
	0.520
	0.552
	0.971
	1.000
	0.731
	0.711
	0.802

	Cost Efficiency
	0.741
	0.712
	0.579
	0.737
	0.463
	0.552
	0.956
	1.000
	0.656
	0.711
	0.711


Source: Author’s Computation using DEAP Version 2.1
Table 4.46 showed that in 2008, DMU6, DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. DMU1, DMU5, DMU7 and DMU9 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU5 and DMU6 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203834][bookmark: _Toc514204591]Table 4.47	 Efficiency Summary of Public Hospital in Oyo State in 2009
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.629
	0.855
	1.000
	0.760
	0.860
	1.000
	1.000
	1.000
	1.000
	0.611
	0.871

	Allocative Efficiency
	0.727
	0.667
	0.482
	0.768
	0.859
	1.000
	0.495
	0.500
	0.576
	0.961
	0.704

	Cost Efficiency
	0.457
	0.570
	0.482
	0.584
	0.739
	1.000
	0.495
	0.500
	0.576
	0.587
	0.599


Source: Author’s Computation using DEAP Version 2.1
Table 4.47 showed that in 2009, DMU3, DMU6, DMU7, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU2, and DMU5 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU2, DMU3, DMU7, DMU8 and DMU9 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203836][bookmark: _Toc514204593]Table 4.48 Efficiency Summary of Public Hospital in Oyo State in 2010
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.601
	0.755
	0.837
	0.936
	0.674
	1.000
	1.000
	1.000
	0.880

	Allocative Efficiency
	0.819
	0.781
	0.980
	0.882
	0.939
	0.951
	0.926
	0.871
	1.000
	0.754
	0.890

	Cost Efficiency
	0.819
	0.781
	0.589
	0.666
	0.786
	0.891
	0.624
	0.871
	1.000
	0.754
	0.778


Source: Author’s Computation using DEAP Version 2.1
Table 4.48 showed that in 2010, DMU1, DMU2, DMU8, DMU9 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output.  DMU5 and DMU6 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output.


[bookmark: _Toc514203838][bookmark: _Toc514204595]Table 4.49	 Efficiency Summary of Public Hospital in Oyo State in 2011
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.627
	0.813
	0.713
	0.757
	1.000
	0.830
	0.759
	0.942
	0.489
	0.793

	Allocative Efficiency
	1.000
	0.972
	0.920
	0.951
	0.986
	1.000
	0.973
	0.948
	0.940
	0.982
	0.967

	Cost Efficiency
	1.000
	0.610
	0.748
	0.678
	0.746
	1.000
	0.808
	0.720
	0.886
	0.481
	0.768


Source: Author’s Computation using DEAP Version 2.1
Table 4.49 showed that in 2011, DMU1, and DMU6 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU3, DMU8 and DMU9 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 and DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 and DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203840][bookmark: _Toc514204597]Table 4.50 Efficiency Summary of Public Hospital in Oyo State in 2012
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.788
	0.986
	0.991
	0.809
	0.972
	1.000
	0.695
	1.000
	1.000
	0.566
	0.881

	Allocative Efficiency
	0.921
	0.914
	0.900
	0.897
	0.553
	0.710
	0.905
	1.000
	0.795
	0.985
	0.858

	Cost Efficiency
	0.726
	0.902
	0.892
	0.726
	0.537
	0.710
	0.629
	1.000
	0.795
	0.558
	0.747


Source: Author’s Computation using DEAP Version 2.1
Table 4.50 showed that in 2012, DMU6, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU2, DMU3, DMU4, and DMU5 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU5 was less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203842][bookmark: _Toc514204599]Table 4.52 Efficiency Summary of Public Hospital in Oyo State in 2013
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.674
	1.000
	1.000
	0.803
	0.700
	0.566
	0.587
	0.879
	0.486
	0.769

	Allocative Efficiency
	1.000
	0.896
	0.802
	0.744
	0.905
	0.728
	0.642
	0.700
	0.744
	0.908
	0.807

	Cost Efficiency
	1.000
	0.603
	0.802
	0.744
	0.727
	0.509
	0.363
	0.410
	0.653
	0.441
	0.625


Source: Author’s Computation using DEAP Version 2.1
Table 4.51 showed that in 2013, DMU1, DMU3, and DMU4 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU5 and DMU9 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU7 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203844][bookmark: _Toc514204601]Table 4.52 Efficiency Summary of Public Hospital in Oyo State in 2014
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.530
	1.000
	0.690
	0.619
	0.639
	0.716
	0.978
	0.823
	0.797
	0.779

	Allocative Efficiency
	1.000
	0.768
	0.645
	0.969
	0.970
	0.730
	0.956
	0.365
	0.957
	0.773
	0.813

	Cost Efficiency
	1.000
	0.407
	0.645
	0.668
	0.600
	0.466
	0.685
	0.357
	0.788
	0.616
	0.623


Source: Author’s Computation using DEAP Version 2.1
Table 4.52 showed that in 2014, DMU1, and DMU3 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU8 and DMU9 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improve4ent in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU3 and DMU8 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203846][bookmark: _Toc514204603]Table 4.53 Efficiency Summary of Public Hospital in Oyo State in 2015
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.616
	1.000
	1.000
	1.000
	0.573
	1.000
	1.000
	0.725
	0.873
	0.879

	Allocative Efficiency
	1.000
	0.581
	0.483
	0.598
	0.715
	0.740
	0.888
	0.555
	0.673
	0.576
	0.681

	Cost Efficiency
	1.000
	0.358
	0.483
	0.598
	0.715
	0.424
	0.888
	0.555
	0.488
	0.503
	0.601


Source: Author’s Computation using DEAP Version 2.1
Table 4.53 showed that in 2015, DMU1, DMU3, DMU4, DMU5, DMU7 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement. However, DMU2, DMU3, DMU4, DMU8, DMU9 and DMU10 were less than 0.7 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 
[bookmark: _Toc514203848][bookmark: _Toc514204605]Table 4.54 Efficiency Summary of Public Hospital in Oyo State in 2016
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.928
	0.948
	1.000
	0.965
	1.000
	1.000
	1.000
	1.000
	0.837
	0.968

	Allocative Efficiency
	0.737
	0.889
	0.851
	0.896
	0.905
	0.949
	1.000
	0.735
	0.811
	0.825
	0.860

	Cost Efficiency
	0.737
	0.824
	0.806
	0.896
	0.874
	0.949
	1.000
	0.735
	0.811
	0.691
	0.832


Source: Author’s Computation using DEAP Version 2.1
Table 4.54 showed that in 2016, DMU1, DMU6, DMU7, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output since technical efficiency deals with input and output. DMU2, DMU3, DMU5 and DMU10 showed a good score of above 0.7 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were between the range of 0.8 and 0.9 implying that they were nearly efficient but there is a scope for improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 0.7 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 

[bookmark: _Toc514203850][bookmark: _Toc514204607]Table 4.55 Efficiency Summary of Private Hospital in Oyo State in 2007
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.935
	1.000
	0.887
	0.644
	0.797
	1.000
	0.292
	1.000
	1.000
	0.876
	0.843

	Allocative Efficiency
	0.569
	0.803
	0.702
	0.453
	0.797
	0.494
	0.431
	0.468
	0.386
	0.928
	0.603

	Cost Efficiency
	0.532
	0.803
	0.622
	0.292
	0.636
	0.494
	0.126
	0.468
	0.386
	0.814
	0.517


Source: Author’s Computation using DEAP Version 2.1
Table 4.55 showed that in 2007, only DMU2, DMU6 and DMU8 and DMU9 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed scores less than 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, none of the DMUs showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. Hence, they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient. Based on the result, none of the DMUs was efficient in allocation, implying that none of the DMU was cost effective in that period. 



[bookmark: _Toc514203852][bookmark: _Toc514204609]Table 4.56 Efficiency Summary of Private Hospital in Oyo State in 2008
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.338
	1.000
	1.000
	0.562
	0.779
	1.000
	0.583
	1.000
	1.000
	1.000
	0.826

	Allocative Efficiency
	0.892
	0.850
	0.620
	0.960
	0.923
	0.487
	0.940
	0.893
	0.198
	0.906
	0.767

	Cost Efficiency
	0.301
	0.850
	0.620
	0.540
	0.719
	0.487
	0.548
	0.893
	0.198
	0.906
	0.606


Source: Author’s Computation using DEAP Version 2.1
Table 4.56 showed that in 2008, DMU3, DMU6, DMU8, DMU9 and DMU10 maintained a perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Other DMU’s showed scores less than 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, none of the DMUs showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. Hence, they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient. Based on the result, none of the DMUs was efficient in allocation, implying that none of the DMU was cost effective in that period. 



[bookmark: _Toc514203854][bookmark: _Toc514204611]Table 4.57 Efficiency Summary of Private Hospital in Oyo State in 2009
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.323
	0.851
	0.840
	0.935
	0.543
	0.289
	0.517
	1.000
	0.451
	1.000
	0.675

	Allocative Efficiency
	0.990
	0.993
	0.588
	0.993
	0.998
	0.984
	0.898
	0.991
	0.982
	0.987
	0.940

	Cost Efficiency
	0.319
	0.845
	0.494
	0.929
	0.542
	0.285
	0.465
	0.991
	0.442
	0.987
	0.630


Source: Author’s Computation using DEAP Version 2.1
Table 4.57 showed that in 2009, only DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output efficiently. Other DMUs have scores less than 1.000 meaning that they were nearly technical efficient but they still have a scope for improvement in their technical efficiency.
In terms of allocative efficiency, none of the DMUs showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. Hence, they were nearly efficient but there is a scope for improvement. 
Hospitals that were technically and allocatively efficient can only be cost efficient. Based on the result, none of the DMUs was efficient in allocation, implying that none of the DMU was cost effective in that period. 




[bookmark: _Toc514203856][bookmark: _Toc514204613]Table 4.58 Efficiency Summary of Private Hospital in Oyo State in 2010
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.711
	0.894
	1.000
	0.485
	1.000
	0.537
	0.434
	1.000
	0.208
	1.000
	0.727

	Allocative Efficiency
	0.493
	0.732
	0.360
	0.527
	0.722
	0.795
	0.860
	0.866
	0.988
	1.000
	0.734

	Cost Efficiency
	0.350
	0.655
	0.360
	0.255
	0.722
	0.427
	0.373
	0.866
	0.206
	1.000
	0.522


Source: Author’s Computation using DEAP Version 2.1
Table 4.58 showed that in 2010, DMU3, DMU5, DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 




[bookmark: _Toc514203858][bookmark: _Toc514204615]Table 4.59 Efficiency Summary of Private Hospital in Oyo State in 2011
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.876
	0.588
	0.523
	0.443
	0.373
	0.499
	0.100
	1.000
	0.137
	1.000
	0.554

	Allocative Efficiency
	0.288
	0.304
	0.195
	0.387
	0.535
	0.412
	0.781
	1.000
	0.800
	0.321
	0.502

	Cost Efficiency
	0.252
	0.179
	0.102
	0.171
	0.200
	0.206
	0.078
	1.000
	0.110
	0.321
	0.262


Source: Author’s Computation using DEAP Version 2.1
Table 4.59 showed that in 2011, DMU7, DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203860][bookmark: _Toc514204617]Table 4.60 Efficiency Summary of Private Hospital in Oyo State in 2012
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.209
	0.702
	1.000
	0.542
	0.433
	0.182
	0.232
	1.000
	0.263
	0.902
	0.547

	Allocative Efficiency
	0.476
	0.749
	0.746
	0.772
	0.670
	0.517
	0.271
	0.527
	0.612
	0.461
	0.580

	Cost Efficiency
	0.100
	0.526
	0.746
	0.418
	0.290
	0.094
	0.063
	0.527
	0.161
	0.415
	0.334


Source: Author’s Computation using DEAP Version 2.1
Table 4.60 showed that in 2012, only DMU3 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, none of the DMU was allocatively nor cost efficient in this period as none of the DMU has a score of 1.000 in terms of allocation. This implies that all the DMU’s have low allocative efficiency and are not closer to improvement except DMU2 and DMU3 with 0.749 and 0.746 respectively.
The cost efficiency from the table indicate that only for DMU3 that the value was above 0.6. This indicate that private hospitals at this period were inefficient in using their resources to produced commensurate output. The overall mean from the cost efficiency value also indicate that the hospitals in Oyo State perform poorly in this period.









Hospitals that were technically and allocatively efficient can only be cost efficient. From the table, none of the DMU has a score of 1.000 for all the efficiencies, meaning an overall inefficiency in terms of cost for all the DMUs. 
[bookmark: _Toc514203862][bookmark: _Toc514204619]Table 4.61 Efficiency Summary of Private Hospital in Oyo State in 2013
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.245
	0.323
	0.639
	0.113
	0.264
	0.117
	0.106
	1.000
	0.156
	0.556
	0.352

	Allocative Efficiency
	0.786
	0.544
	0.515
	0.524
	0.619
	0.460
	0.733
	1.000
	0.504
	0.683
	0.637

	Cost Efficiency
	0.192
	0.176
	0.329
	0.059
	0.163
	0.054
	0.078
	1.000
	0.079
	0.380
	0.251


Source: Author’s Computation using DEAP Version 2.1
Table 4.61 showed that in 2013, only DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. Only DMU8 had allocatively and cost efficient by maintaining 1.000. Other hospitals were not cost efficient. This was based on their values in terms of technical and allocative efficiency since hospitals that are both technically and allocatively efficient can only be cost efficient. Looking generally at the result, it shows clearly that in 2013, private hospitals in Oyo perform poorly in terms of using their inputs to produced commensurate output in terms of revenue and also, outpatient, inpatient and delivery. 




[bookmark: _Toc514203864][bookmark: _Toc514204621][bookmark: _Hlk496579886]Table 4.62 Efficiency Summary of Private Hospital in Oyo State in 2014
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.330
	0.497
	0.305
	0.390
	0.147
	1.000
	0.175
	1.000
	0.159
	0.955
	0.496

	Allocative Efficiency
	0.705
	0.352
	0.852
	0.753
	0.89
	0.180
	0.723
	1.000
	0.891
	0.317
	0.656

	Cost Efficiency
	0.233
	0.175
	0.260
	0.294
	0.116
	0.180
	0.127
	1.000
	0.141
	0.303
	0.283


Source: Author’s Computation using DEAP Version 2.1
Table 4.62 showed that in 2014, only DMU6 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203866][bookmark: _Toc514204623]Table 4.63 Efficiency Summary of Private Hospital in Oyo State in 2015
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.549
	0.443
	0.321
	0.681
	0.259
	0.420
	0.109
	1.000
	0.496
	0.795
	0.507

	Allocative Efficiency
	0.412
	0.762
	0.958
	0.403
	0.954
	0.470
	0.826
	1.000
	0.666
	0.671
	0.712

	Cost Efficiency
	0.226
	0.337
	0.307
	0.275
	0.247
	0.197
	0.090
	1.000
	0.330
	0.534
	0.354


Source: Author’s Computation using DEAP Version 2.1
Table 4.63 showed that in 2015, only DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, DMU8 also have a score of 1.000 which indicate that the hospital is properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203868][bookmark: _Toc514204625]Table 4.64 Efficiency Summary of Private Hospital in Oyo State in 2016
	Efficiency/DMU
	DMU
1
	DMU 2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU 9
	DMU
10
	Mean 

	Technical Efficiency
	0.834
	0.673
	0.238
	0.577
	0.665
	0.652
	0.318
	1.000
	0.731
	0.605
	0.629

	Allocative Efficiency
	0.510
	0.795
	0.748
	0.619
	0.852
	0.919
	0.696
	1.000
	0.578
	0.968
	0.768

	Cost Efficiency
	0.425
	0.535
	0.178
	0.357
	0.567
	0.599
	0.221
	1.000
	0.422
	0.585
	0.489


Source: Author’s Computation using DEAP Version 2.1
Table 4.64 showed that in 2016, only DMU8 had perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, DMU8 also have a score of 1.000 which indicate that the hospital is properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203870][bookmark: _Toc514204627]Ogun State
[bookmark: _Toc514203871][bookmark: _Toc514204628]Table 4.65: Efficiency Summary of Public Hospital in Ogun State in 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.474
	0.805
	1.000
	1.000
	0.696
	0.752
	0.677
	1.000
	0.894
	1.000
	0.828

	Allocative Efficiency
	0.435
	0.672
	0.560
	0.770
	0.806
	0.475
	0.488
	1.000
	0.657
	0.954
	0.682

	Cost Efficiency
	0.206
	0.541
	0.560
	0.770
	0.561
	0.357
	0.330
	1.000
	0.574
	0.954
	0.585


Source: Author’s Computation using DEAP Version 2.1
Table 4.65 showed that in 2007, DMU3, DMU4, DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203873][bookmark: _Toc514204630]Table 4.66: Efficiency Summary of Public Hospital in Ogun State in 2008
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.717
	1.000
	1.000
	1.000
	0.879
	0.819
	0.711
	0.993
	1.000
	1.000
	0.912

	Allocative Efficiency
	0.464
	0.664
	0.590
	0.735
	0.745
	0.747
	0.522
	0.970
	0.821
	1.000
	0.728

	Cost Efficiency
	0.332
	0.664
	0.590
	0.735
	0.655
	0.612
	0.371
	0.963
	0.821
	1.000
	0.674


Source: Author’s Computation using DEAP Version 2.1
Table 4.66 showed that in 2008, DMU2, DMU3, DMU4, DMU9 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203875][bookmark: _Toc514204632]Table 4.67: Efficiency Summary of Public Hospital in Ogun State in 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.831
	0.732
	0.899
	0.788
	0.872
	0.811
	1.000
	1.000
	0.890
	0.624
	0.845

	Allocative Efficiency
	0.284
	0.452
	0.318
	0.542
	0.438
	0.405
	0.382
	1.000
	0.484
	0.563
	0.487

	Cost Efficiency
	0.236
	0.331
	0.286
	0.428
	0.382
	0.328
	0.382
	1.000
	0.431
	0.352
	0.416


Source: Author’s Computation using DEAP Version 2.1
Table 4.67 showed that in 2009, only DMU7 and DMU showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203877][bookmark: _Toc514204634]Table 4.68: Efficiency Summary of Public Hospital in Ogun State in 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.611
	0.510
	0.170
	0.259
	0.859
	0.717
	0.697
	0.772
	1.000
	0.659

	Allocative Efficiency
	0.585
	0.737
	0.624
	0.782
	0.788
	0.806
	0.600
	0.673
	0.851
	1.000
	0.775

	Cost Efficiency
	0.585
	0.450
	0.318
	0.144
	0.204
	0.692
	0.430
	0.678
	0.657
	1.000
	0.515


Source: Author’s Computation using DEAP Version 2.1
Table 4.68 showed that in 2010, only DMU1 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203879][bookmark: _Toc514204636]Table 4.69: Efficiency Summary of Public Hospital in Ogun State in 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.627
	0.861
	1.000
	1.000
	0.717
	0.507
	0.863
	0.421
	0.393
	0.140
	0.653

	Allocative Efficiency
	0.752
	0.925
	0.876
	1.000
	0.919
	0.922
	0.893
	0.968
	0.830
	0.884
	0.897

	Cost Efficiency
	0.472
	0.796
	0.876
	1.000
	0.658
	0.467
	0.770
	0.407
	0.326
	0.124
	0.590


Source: Author’s Computation using DEAP Version 2.1
Table 4.69 showed that in 2011, DMU3 and DMU4 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU4 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output.  



[bookmark: _Toc514203881][bookmark: _Toc514204638]Table 4.70: Efficiency Summary of Public Hospital in Ogun State in 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.296
	1.000
	0.804
	0.817
	0.932
	0.832
	0.988
	0.831
	1.000
	0.805
	0.830

	Allocative Efficiency
	0.892
	1.000
	0.918
	0.889
	0.953
	0.942
	0.908
	0.867
	0.940
	0.941
	0.925

	Cost Efficiency
	0.264
	1.000
	0.737
	0.726
	0.888
	0.784
	0.897
	0.720
	0.940
	0.758
	0.771


Source: Author’s Computation using DEAP Version 2.1
Table 4.70 showed that in 2012, only DMU2 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU2 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU2 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 




[bookmark: _Toc514203883][bookmark: _Toc514204640]Table 4.71: Efficiency Summary of Public Hospital in Ogun State in 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.324
	0.475
	0.164
	0.969
	1.000
	0.387
	0.381
	0.505
	0.524
	0.439
	0.517

	Allocative Efficiency
	0.607
	0.432
	0.603
	0.703
	1.000
	0.612
	0.818
	0.804
	0.931
	0.809
	0.732

	Cost Efficiency
	0.197
	0.205
	0.099
	0.681
	1.000
	0.237
	0.312
	0.406
	0.488
	0.355
	0.398


Source: Author’s Computation using DEAP Version 2.1
Table 4.71 showed that in 2013 only DMU5 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 


[bookmark: _Toc514203885][bookmark: _Toc514204642]Table 4.72: Efficiency Summary of Public Hospital in Ogun State in 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.359
	0.914
	1.000
	0.924
	0.805
	0.857
	0.345
	0.329
	0.194
	1.000
	0.673

	Allocative Efficiency
	0.739
	0.508
	0.658
	0.769
	0.872
	0.655
	0.905
	0.744
	0.983
	1.000
	0.783

	Cost Efficiency
	0.265
	0.464
	0.658
	0.711
	0.701
	0.562
	0.312
	0.245
	0.191
	1.000
	0.511


Source: Author’s Computation using DEAP Version 2.1
Table 4.72 showed that in 2014, DMU3 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203887][bookmark: _Toc514204644]Table 4.73: Efficiency Summary of Public Hospital in Ogun State in 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.584
	0.558
	1.000
	1.000
	1.000
	1.000
	0.371
	0.392
	0.213
	0.712

	Allocative Efficiency
	0.168
	0.676
	0.450
	0.778
	0.516
	0.444
	1.000
	0.455
	0.498
	0.750
	0.574

	Cost Efficiency
	0.168
	0.395
	0.251
	0.778
	0.516
	0.444
	1.000
	0.169
	0.195
	0.159
	0.408


Source: Author’s Computation using DEAP Version 2.1
Table 4.73 showed that in 2015, DMU4, DMU5, DMU6 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203889][bookmark: _Toc514204646]Table 4.74: Efficiency Summary of Public Hospital in Ogun State in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	1.000
	0.304
	0.394
	1.000
	0.875
	0.383
	0.427
	0.561
	0.500
	0.644

	Allocative Efficiency
	1.000
	0.508
	0.929
	0.533
	0.074
	0.204
	0.503
	0.420
	0.829
	0.960
	0.596

	Cost Efficiency
	1.000
	0.508
	0.283
	0.210
	0.074
	0.178
	0.193
	0.180
	0.465
	0.480
	0.357


Source: Author’s Computation using DEAP Version 2.1
Table 4.74 showed that in 2016, DMU1, DMU2, and DMU5 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203891][bookmark: _Toc514204648]Table 4.75 Efficiency Summary of Ogun State private hospitals in 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.715
	0.694
	0.452
	0.934
	1.000
	0.872
	0.948
	0.724
	1.000
	0.798
	0.814

	Allocative Efficiency
	0.949
	0.931
	0.935
	0.803
	1.000
	0.974
	0.870
	0.703
	0.900
	0.796
	0.886

	Cost Efficiency
	0.678
	0.646
	0.422
	0.750
	1.000
	0.850
	0.824
	0.508
	0.900
	0.635
	0.721


Source: Author’s Computation using DEAP Version 2.1
Table 4.75 showed that in 2007, DMU5 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203893][bookmark: _Toc514204650]Table 4.76 Efficiency Summary of Ogun State private hospitals in 2008
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.650
	0.630
	0.491
	1.000
	1.000
	0.836
	0.907
	0.988
	1.000
	0.649
	0.815

	Allocative Efficiency
	0.989
	0.967
	0.934
	0.848
	1.000
	0.869
	0.818
	0.656
	0.912
	0.901
	0.889

	Cost Efficiency
	0.643
	0.609
	0.459
	0.848
	1.000
	0.727
	0.742
	0.648
	0.912
	0.585
	0.717


Source: Author’s Computation using DEAP Version 2.1
Table 4.76 showed that in 2008, DMU4, DMU5 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203895][bookmark: _Toc514204652]Table 4.77 Efficiency Summary of Ogun State private hospitals in 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.571
	1.000
	1.000
	0.333
	0.706
	0.933
	1.000
	1.000
	0.863
	0.841

	Allocative Efficiency
	0.954
	0.949
	1.000
	0.947
	0.993
	0.935
	0.954
	0.980
	0.648
	0.937
	0.930

	Cost Efficiency
	0.954
	0.542
	1.000
	0.947
	0.331
	0.660
	0.890
	0.980
	0.648
	0.809
	0.776


Source: Author’s Computation using DEAP Version 2.1
Table 4.77 showed that in 2009, DMU3, DMU4, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU3 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU3 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203897][bookmark: _Toc514204654]Table 4.78 Efficiency Summary of Ogun State private hospitals in 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.499
	0.516
	0.685
	1.000
	1.000
	1.000
	1.000
	0.871
	0.781
	0.561
	0.791

	Allocative Efficiency
	0.931
	0.952
	0.992
	0.496
	1.000
	0.738
	0.939
	0.934
	0.684
	0.588
	0.825

	Cost Efficiency
	0.464
	0.492
	0.679
	0.496
	1.000
	0.738
	0.939
	0.813
	0.534
	0.330
	0.649


Source: Author’s Computation using DEAP Version 2.1
Table 4.78 showed that in 2010, DMU4, DMU5, DMU6 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203899][bookmark: _Toc514204656]Table 4.79 Efficiency Summary of Ogun State private hospitals in 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.949
	0.609
	0.509
	0.730
	1.000
	0.989
	0.563
	0.958
	0.988
	1.000
	0.829

	Allocative Efficiency
	0.940
	0.957
	0.882
	0.961
	1.000
	0.913
	0.950
	0.934
	0.939
	0.900
	0.938

	Cost Efficiency
	0.891
	0.582
	0.449
	0.701
	1.000
	0.903
	0.535
	0.894
	0.928
	0.900
	0.778


Source: Author’s Computation using DEAP Version 2.1
Table 4.79 showed that in 2011, DMU5 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203901][bookmark: _Toc514204658]Table 4.80 Efficiency Summary of Ogun State private hospitals in 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.708
	0.537
	0.757
	0.462
	1.000
	0.474
	0.396
	1.000
	0.696
	1.000
	0.703

	Allocative Efficiency
	0.886
	0.883
	0.910
	0.945
	0.985
	0.971
	0.942
	1.000
	0.941
	0.714
	0.916

	Cost Efficiency
	0.613
	0.474
	0.689
	0.437
	0.985
	0.460
	0.373
	1.000
	0.655
	0.714
	0.640


Source: Author’s Computation using DEAP Version 2.1
Table 4.80 showed that in 2012, DMU5, DMU8 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 




[bookmark: _Toc514203903][bookmark: _Toc514204660]Table 4.81 Efficiency Summary of Ogun State private hospitals in 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.793
	0.980
	0.681
	0.581
	0.849
	0.999
	0.435
	1.000
	0.554
	0.787

	Allocative Efficiency
	0.502
	0.537
	0.946
	0.781
	0.461
	0.768
	0.946
	0.929
	1.000
	0.872
	0.774

	Cost Efficiency
	0.502
	0.462
	0.927
	0.531
	0.268
	0.653
	0.945
	0.404
	1.000
	0.483
	0.614


Source: Author’s Computation using DEAP Version 2.1
Table 4.81 showed that in 2013, DMU1 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203905][bookmark: _Toc514204662]Table 4.82 Efficiency Summary of Ogun State private hospitals in 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.832
	0.527
	0.651
	0.370
	1.000
	0.496
	0.787
	0.278
	0.331
	0.727
	0.600

	Allocative Efficiency
	0.976
	0.970
	0.783
	0.710
	1.000
	0.935
	0.762
	0.957
	0.967
	0.611
	0.867

	Cost Efficiency
	0.812
	0.511
	0.510
	0.262
	1.000
	0.464
	0.600
	0.266
	0.321
	0.444
	0.519


Source: Author’s Computation using DEAP Version 2.1
Table 4.82 showed that in 2014, only DMU5 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 




[bookmark: _Toc514203907][bookmark: _Toc514204664]Table 4.83 Efficiency Summary of Ogun State private hospitals in 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.224
	0.196
	0.424
	0.641
	0.817
	1.000
	0.480
	0.654
	0.760
	1.000
	0.620

	Allocative Efficiency
	0.692
	0.949
	0.988
	0.933
	0.884
	0.933
	0.983
	0.719
	0.909
	0.606
	0.860

	Cost Efficiency
	0.155
	0.186
	0.419
	0.598
	0.723
	0.933
	0.472
	0.470
	0.691
	0.606
	0.525


Source: Author’s Computation using DEAP Version 2.1
Table 4.83 showed that in 2015, only DMU6 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency and cost efficiency. None of the DMUs showed a perfect allocative score of 1.000 to be properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. 







[bookmark: _Toc514203909][bookmark: _Toc514204666]Table 4.84 Efficiency Summary of Ogun State private hospitals in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.955
	0.823
	1.000
	1.000
	0.848
	1.000
	0.744
	0.905
	0.444
	0.324
	0.804

	Allocative Efficiency
	0.904
	0.964
	0.902
	0.902
	0.978
	1.000
	0.975
	0.885
	0.834
	0.963
	0.931

	Cost Efficiency
	0.863
	0.794
	0.902
	0.902
	0.830
	1.000
	0.726
	0.801
	0.370
	0.312
	0.750


Source: Author’s Computation using DEAP Version 2.1
Table 4.84 showed that in 2016, DMU3, DMU4, and DMU6 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203911][bookmark: _Toc514204668]Ondo State
[bookmark: _Toc514203912][bookmark: _Toc514204669]Table 4.85 Efficiency Summary of Public Hospital in Ondo State in 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.665
	0.758
	0.546
	0.736
	0.274
	1.000
	0.876
	1.000
	0.367
	0.225
	0.645

	Allocative Efficiency
	0.987
	0.961
	0.283
	0.600
	0.858
	1.000
	0.506
	0.967
	0.971
	0.900
	0.803

	Cost Efficiency
	0.656
	0.729
	0.154
	0.442
	0.235
	1.000
	0.444
	0.967
	0.357
	0.203
	0.519


Source: Author’s Computation using DEAP Version 2.1
Table 4.85 showed that in 2007, only DMU6 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 


[bookmark: _Toc514203914][bookmark: _Toc514204671]Table 4.86 Efficiency Summary of Public Hospital in Ondo State in 2008
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.482
	1.000
	1.000
	0.950
	0.755
	0.970
	0.459
	0.898
	1.000
	0.851

	Allocative Efficiency
	0.929
	0.549
	0.983
	0.490
	0.907
	0.433
	0.281
	0.539
	0.617
	0.337
	0.606

	Cost Efficiency
	0.929
	0.265
	0.983
	0.490
	0.861
	0.327
	0.272
	0.247
	0.554
	0.337
	0.527


Source: Author’s Computation using DEAP Version 2.1
Table 4.86 showed that in 2008, DMU1, DMU4, and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, none of the DMU showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient and none of the DMUs possesses this, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. 





[bookmark: _Toc514203916][bookmark: _Toc514204673]Table 4.87 Efficiency Summary of Public Hospital in Ondo State in 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.574
	0.707
	0.313
	0.189
	0.625
	0.663
	0.556
	0.707
	1.000
	0.884
	0.622

	Allocative Efficiency
	0.863
	0.506
	0.914
	0.935
	0.611
	0.889
	0.432
	0.988
	1.000
	0.987
	0.812

	Cost Efficiency
	0.495
	0.358
	0.286
	0.176
	0.382
	0.589
	0.240
	0.699
	1.000
	0.872
	0.510


Source: Author’s Computation using DEAP Version 2.1
Table 4.87 showed that in 2009, only DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency and cost also, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement. 







[bookmark: _Toc514203918][bookmark: _Toc514204675]Table 4.88 Efficiency Summary of Public Hospital in Ondo State in 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.4111
	0.299
	0.539
	0.327
	1.000
	1.000
	0.676
	0.555
	0.644
	0.258
	0.571

	Allocative Efficiency
	0.976
	0.849
	0.888
	0.920
	0.974
	1.000
	0.907
	0.675
	0.907
	0.954
	0.905

	Cost Efficiency
	0.401
	0.254
	0.479
	0.301
	0.974
	1.000
	0.613
	0.375
	0.584
	0.246
	0.523


Source: Author’s Computation using DEAP Version 2.1
Table 4.88 showed that in 2010, only DMU5 and DMU6 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU6 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203920][bookmark: _Toc514204677]Table 4.89 Efficiency Summary of Public Hospital in Ondo State in 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.214
	0.759
	0.521
	0.169
	1.000
	1.000
	1.000
	0.373
	0.417
	0.211
	0.566

	Allocative Efficiency
	0.974
	0.723
	0.796
	0.944
	1.000
	0.550
	0.812
	0.963
	0.904
	0.669
	0.834

	Cost Efficiency
	0.208
	0.549
	0.415
	0.160
	1.000
	0.550
	0.812
	0.359
	0.377
	0.141
	0.457


Source: Author’s Computation using DEAP Version 2.1
Table 4.89 showed that in 2011, DMU5, DMU6 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203922][bookmark: _Toc514204679]Table 4.90 Efficiency Summary of Public Hospital in Ondo State in 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.690
	0.952
	0.396
	0.456
	0.502
	0.469
	1.000
	1.000
	1.000
	0.806
	0.727

	Allocative Efficiency
	0.932
	0.866
	0.669
	0.967
	0.922
	0.859
	1.000
	0.750
	0.993
	0.915
	0.887

	Cost Efficiency
	0.643
	0.824
	0.265
	0.441
	0.463
	0.403
	1.000
	0.750
	0.993
	0.738
	0.652


Source: Author’s Computation using DEAP Version 2.1
Table 4.90 showed that in 2012, DMU7, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203924][bookmark: _Toc514204681]Table 4.91 Efficiency Summary of Public Hospital in Ondo State in 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.532
	0,194
	0,468
	0,309
	0,532
	0.196
	1.000
	1.000
	0.557
	0.592
	0.538

	Allocative Efficiency
	0.540
	0.459
	0.735
	0.559
	0.521
	0.508
	1.000
	0.453
	0.449
	0.503
	0.573

	Cost Efficiency
	0.287
	0.089
	0.344
	0.173
	0.277
	0.100
	1.000
	0.453
	0.250
	0.298
	0.327


Source: Author’s Computation using DEAP Version 2.1
Table 4.91 showed that in 2013, DMU6 and DMU7 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU6 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203926][bookmark: _Toc514204683]Table 4.92 Efficiency Summary of Public Hospital in Ondo State in 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.226
	1.000
	0.946
	1.000
	0.339
	1.000
	0.819
	1.000
	0.959
	0.968
	0.826

	Allocative Efficiency
	0.982
	0.860
	0.922
	1.000
	0.966
	0.218
	0.487
	0.348
	0.558
	0.901
	0.724

	Cost Efficiency
	0.222
	0.860
	0.872
	1.000
	0.327
	0.218
	0.399
	0.348
	0.535
	0.872
	0.565


Source: Author’s Computation using DEAP Version 2.1
Table 4.92 showed that in 2014, DMU2, DMU4, DMU6 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU4 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU4 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203928][bookmark: _Toc514204685] Table 4.93 Efficiency Summary of Public Hospital in Ondo State in 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.743
	0.225
	1.000
	0.334
	1.000
	1.000
	1.000
	0.926
	1.000
	0.634
	0.786

	Allocative Efficiency
	0.763
	0.862
	0.722
	0.764
	0.989
	0.997
	0.603
	0.383
	0.743
	0.896
	0.772

	Cost Efficiency
	0.567
	0.194
	0.722
	0.255
	0.989
	0.997
	0.603
	0.354
	0.743
	0.568
	0.599


Source: Author’s Computation using DEAP Version 2.1
Table 4.93 showed that in 2015, DMU3, DMU5, DMU6, DMU7 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, none of the DMUs showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were not optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient. None of the hospital has overall efficiency in Ondo State in the year 2015. However, DMU5, DMU6 and DMU9 performed satisfactory.





[bookmark: _Toc514203930][bookmark: _Toc514204687]Table 4.94 Efficiency Summary of Public Hospital in Ondo State in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.271
	0.890
	0.501
	0.890
	1.000
	0.986
	0.449
	0.572
	1.000
	1.000
	0.756

	Allocative Efficiency
	0.918
	0.919
	0.910
	0.929
	1.000
	0.930
	0.960
	0.716
	0.239
	0.632
	0.815

	Cost Efficiency
	0.249
	0.818
	0.456
	0.827
	1.000
	0.916
	0.431
	0.409
	0.239
	0.632
	0.598


Source: Author’s Computation using DEAP Version 2.1
Table 4.94 showed that in 2016, DMU5, DMU9 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203932][bookmark: _Toc514204689]Table 4.95 Efficiency Summary of Ondo State private hospitals in 2007
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.294
	1.000
	0.896
	0.920
	0.610
	0.870
	0.669
	0.767
	0.664
	0.462
	0.715

	Allocative Efficiency
	0.908
	1.000
	0.889
	0.974
	0.992
	0.750
	0.985
	0.994
	0.970
	0.974
	0.944

	Cost Efficiency
	0.267
	1.000
	0.797
	0.896
	0.604
	0.652
	0.660
	0.762
	0.644
	0.450
	0.673


Source: Author’s Computation using DEAP Version 2.1
Table 4.95 showed that in 2007, only DMU2 showed perfect efficiency measure of 1.000 in terms of technicality, allocation and cost, in meaning that they were perfectly technical efficient in using their inputs resources to produce output. Also, that they are properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU2 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203934][bookmark: _Toc514204691]Table 4.96 Efficiency Summary of Ondo State private hospitals in 2008
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.632
	0.831
	0.634
	0.996
	0.795
	0.843
	0.826
	1.000
	1.000
	0.599
	0.816

	Allocative Efficiency
	0.650
	0.813
	0.964
	0.780
	0.954
	0.795
	0.958
	0.645
	1.000
	0.379
	0.794

	Cost Efficiency
	0.411
	0.679
	0.611
	0.777
	0.759
	0.671
	0.791
	0.645
	1.000
	0.227
	0.657


Source: Author’s Computation using DEAP Version 2.1
Table 4.96 showed that in 2008, only DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203936][bookmark: _Toc514204693]Table 4.97 Efficiency Summary of Ondo State private hospitals in 2009
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	1.000
	0.735
	0.544
	0.719
	0.691
	0.721
	0.828
	1.000
	1.000
	0.841
	0.808

	Allocative Efficiency
	1.000
	0.997
	0.997
	0.988
	0.865
	0.997
	0.742
	0.685
	1.000
	0.716
	0.899

	Cost Efficiency
	1.000
	0.733
	0.543
	0.710
	0.598
	0.719
	0.614
	0.685
	1.000
	0.602
	0.720


Source: Author’s Computation using DEAP Version 2.1
Table 4.97 showed that in 2009, DMU1, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU1 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU1 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203938][bookmark: _Toc514204695]Table 4.98 Efficiency Summary of Ondo State private hospitals in 2010
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.813
	0.804
	0.548
	0.712
	0.623
	0.686
	0.739
	1.000
	1.000
	0.612
	0.754

	Allocative Efficiency
	0.946
	0.948
	0.942
	0.973
	0.952
	0.945
	0.979
	0.951
	1.000
	0.979
	0.962

	Cost Efficiency
	0.769
	0.762
	0.516
	0.693
	0.593
	0.651
	0.724
	0.951
	1.000
	0.599
	0.726


Source: Author’s Computation using DEAP Version 2.1
Table 4.98 showed that in 2010, only DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU9 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU9 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203940][bookmark: _Toc514204697]Table 4.99 Efficiency Summary of Ondo State private hospitals in 2011
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.841
	0.839
	0.614
	0.569
	1.000
	0.820
	0.852
	1.000
	1.000
	1.000
	0.854

	Allocative Efficiency
	0.980
	0.980
	0.998
	0.952
	0.792
	0.979
	0.994
	1.000
	0.998
	1.000
	0.967

	Cost Efficiency
	0.824
	0.822
	0.613
	0.542
	0.792
	0.804
	0.847
	1.000
	0.998
	1.000
	0.824


Source: Author’s Computation using DEAP Version 2.1
Table 4.99 showed that in 2011, DMU5, DMU8, DMU9 and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU10 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU10 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203942][bookmark: _Toc514204699]Table 4.100 Efficiency Summary of Ondo State private hospitals in 2012
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.823
	0.945
	0.734
	0.575
	0.751
	0.819
	0.866
	1.000
	1.000
	0.605
	0.812

	Allocative Efficiency
	0.968
	0.987
	0.928
	0.973
	0.886
	0.962
	0.969
	1.000
	0.976
	0.987
	0.963

	Cost Efficiency
	0.796
	0.933
	0.681
	0.560
	0.665
	0.787
	0.840
	1.000
	0.976
	0.597
	0.783


Source: Author’s Computation using DEAP Version 2.1
Table 4.100 showed that in 2012, only DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203944][bookmark: _Toc514204701]Table 4.101 Efficiency Summary of Ondo State private hospitals in 2013
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.748
	0.850
	1.000
	1.000
	0.761
	1.000
	1.000
	1.000
	1.000
	0.679
	0.904

	Allocative Efficiency
	0.898
	0.943
	0.633
	0.677
	0.865
	0.895
	0.952
	1.000
	0.951
	0.835
	0.865

	Cost Efficiency
	0.672
	0.802
	0.633
	0.677
	0.658
	0.895
	0.952
	1.000
	0.951
	0.567
	0.781


Source: Author’s Computation using DEAP Version 2.1
Table 4.101 showed that in 2013, DMU3, DMU4, DMU6, DMU7, DMU8 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU8 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU8 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203946][bookmark: _Toc514204703]Table 4.102 Efficiency Summary of Ondo State private hospitals in 2014
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.616
	0.702
	0.817
	1.000
	0.810
	1.000
	1.000
	1.000
	0.662
	0.760
	0.837

	Allocative Efficiency
	0.943
	0.965
	0.779
	0.925
	0.979
	0.590
	1.000
	0.829
	0.857
	0.910
	0.878

	Cost Efficiency
	0.581
	0.678
	0.637
	0.925
	0.793
	0.590
	1.000
	0.829
	0.568
	0.692
	0.729


Source: Author’s Computation using DEAP Version 2.1
Table 4.102 showed that in 2014, DMU4, DMU6, DMU7 and DMU8 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU7 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU7 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203948][bookmark: _Toc514204705]Table 4.103 Efficiency Summary of Ondo State private hospitals in 2015
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.621
	0.590
	0.899
	0.626
	1.000
	0.583
	1.000
	0.613
	1.000
	0.668
	0.760

	Allocative Efficiency
	0.951
	0.894
	0.518
	0.897
	1.000
	0.984
	0.584
	0.763
	0.708
	0.802
	0.810

	Cost Efficiency
	0.591
	0.528
	0.466
	0.562
	1.000
	0.574
	0.584
	0.468
	0.708
	0.535
	0.601


Source: Author’s Computation using DEAP Version 2.1
Table 4.103 showed that in 2015, DMU5, DMU7 and DMU9 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 



[bookmark: _Toc514203950][bookmark: _Toc514204707]Table 4.104 Efficiency Summary of Ondo State private hospitals in 2016
	Efficiency/DMU
	DMU
1
	DMU
2
	DMU
3
	DMU
4
	DMU
5
	DMU
6
	DMU
7
	DMU
8
	DMU
9
	DMU
10
	Mean 

	Technical Efficiency
	0.719
	0.877
	0.724
	0.912
	1.000
	0.947
	0.767
	0.756
	1.000
	1.000
	0.870

	Allocative Efficiency
	0.970
	0.902
	0.934
	0.888
	1.000
	0.910
	0.984
	0.834
	0.787
	0.841
	0.905

	Cost Efficiency
	0.697
	0.791
	0.676
	0.810
	1.000
	0.862
	0.755
	0.630
	0.787
	0.841
	0.785


Source: Author’s Computation using DEAP Version 2.1
Table 4.104 showed that in 2016, DMU5, DMU9, and DMU10 showed perfect efficiency measure of 1.000, meaning that they were perfectly technical efficient in using their inputs resources to produce output. In terms of allocative efficiency, only DMU5 showed a perfect allocative score of 1.000 by properly choosing the correct mix of inputs given the input prices, meaning that they were optimally allocating both human and other equipment resources to the production of health care services in such a way that the productivity is maximized with regard to the input prices of the hospital. All other DMU’s were less than 1.000 implying that they have low allocative efficiency and are not closer to improvement.
Hospitals that were technically and allocatively efficient can only be cost efficient as DMU5 which was found with 1.000 cost efficiency score, meaning an overall efficiency. Also, that they are allocating their resources to the factors of production. All other have a value of less than 1.000 which were low meaning that there is a misfit in the allocation of resources and conversion of their available inputs into maximum output. 


[bookmark: _Toc514203952][bookmark: _Toc514204709]
4.5	COMPARISON OF EFFICIENCY RESULTS FROM EACH STATE
Further investigation was conducted to see among the states studied that which runs better in overall efficiency and to compare the overall efficiency between public and private hospitals. This was taken based on the different characteristics displayed by each of the states in terms of population size, income size, and political will and economic of scale.
[bookmark: _Toc514203953][bookmark: _Toc514204710]Table 4.105 Rank of public hospitals based on their efficiency summary
	States
	Technical
Efficiency
	Rank
	Allocative
Efficiency
	Rank
	Cost
Efficiency
	Rank

	Lagos
	0.925
	1st
	0.921
	3rd
	0.851
	1st

	Ogun
	0.804
	3rd
	0.931
	2nd
	0.750
	2nd

	Ondo
	0.735
	5th
	0.960
	1st
	0.703
	4th

	Osun
	0.791
	4th
	0.830
	5th
	0.659
	5th

	Oyo
	0.872
	2nd
	0.839
	4th
	0.729
	3rd



Table 4.105 above revealed the result of the efficiency scores for public hospitals and their rank for the five states. In terms of technical efficiency, Lagos State is ranked first with 0.925 closely followed by Oyo with a score 0.872. Ogun State ranked third with 0.804, Osunranked fourth with 0.791 while Ondo ranked fifth with 0.735.  For allocative efficiency, however, Ondo State came first with 0.960, closely followed by Ogun State with 0.931. Lagos State came third with 0.921 with Oyo in the fourth position 0.839 while Osun ranked fifth with 0,830. Given that the product of technical and allocative efficiency defines the overall efficiency (cost efficiency) among states (private and public). Lagos State ranked first with 0.851, followed by Ogun with 0.750, Oyo third with 0.729, Ondo ranked fourth with 0.703 while Osun ranked fifth with 0.659. The result may not push a surprise given the expected performance of the hospitals in each of the state based on the factors such as the population size, political will and economic of scale which make the patronage in Lagos State and Ogun to be highly patronized.
[bookmark: _Toc514203954][bookmark: _Toc514204711]Table 4.106 Rank of private hospitals based on their efficiency summary
	States
	Technical
Efficiency
	Rank
	Allocative
Efficiency
	Rank
	Cost
Efficiency
	Rank

	Lagos
	0.883
	1st
	0.428
	5th
	0.383
	5th

	Ogun
	0.828
	3rd
	0.682
	2nd
	0.582
	1st

	Ondo
	0.645
	5th
	0.803
	1st
	0.519
	3rd

	Osun
	0.781
	4th
	0.680
	3rd
	0.548
	2nd

	Oyo
	0.843
	2nd
	0.603
	4th
	0.517
	4th



 	Table 4.106 revealed the result of the efficiency scores for private hospitals and the rank for the five states. In terms of technical efficiency, Lagos State is ranked first with 0.883 closely followed by Oyo with a score 0.843. Ogun State ranked third with 0.828, Osun ranked fourth with 0.781 while Ondo ranked fifth with 0.645.  For allocative efficiency, however, Ondo State came first with 0.803, closely followed by Ogun State with 0.682. Osun State came third with 0.0.680 with Oyo in the fourth position with 0.603 while Lagos State ranked fifth with 0.428. Given that the product of technical and allocative efficiency defines the overall efficiency (cost efficiency) among states (private and public). Ogun State ranked first with 0.582, followed by Osun with 0.548, Ondo third with 0.519, Oyo ranked fourth with 0.517 while Lagos ranked fifth with 0.383. 








[bookmark: _Toc514203955][bookmark: _Toc514204712]Table 4.107 COMPARISON OF EFFICIENCY SUMMARY FOR EACH STATE
	[bookmark: _Hlk498772428]State/Efficiency
	Healthcare Providers
	Technical 
Efficiency
	Allocative
Efficiency
	Cost
Efficiency

	Lagos
	Public
	0.925
	0.921
	0.851

	
	Private
	0.883
	0.428
	0.383

	
	
	
	
	

	Ogun
	Public
	0.804
	0.931
	0.750

	
	Private
	0.828
	0.682
	0.582

	
	
	
	
	

	Ondo
	Public
	0.735
	0.960
	0.703

	
	Private
	0.645
	0.803
	0.519

	
	
	
	
	

	Osun 
	Public
	0.791
	0.830
	0.659

	
	Private
	0.781
	0.680
	0.548

	
	
	
	
	

	Oyo
	Public
	0.872
	0.839
	0.729

	
	Private
	0.843
	0.603
	0.517



Table 4.107 shows the efficiency summary for each state in the south west. The results are presented diagrammatically in the bar charts

[bookmark: _Toc514203956][bookmark: _Toc514204713]Figure 4.9 Efficiency Summary of Lagos State public and private hospitals

[bookmark: _Toc514203957][bookmark: _Toc514204714]Fig. 4.10 Efficiency Summary of Ogun State public and private hospitals

[bookmark: _Toc514203958][bookmark: _Toc514204715]Figure 4.11 Efficiency Summary of Ondo State public and private hospitals


[bookmark: _Toc514203959][bookmark: _Toc514204716]Figure 4. 12 Efficiency Summary of Osun State public and private hospitals


[bookmark: _Toc514203960][bookmark: _Toc514204717]Figure 4. 13 Efficiency Summary of Osun State public and private hospitals
Figure 4.9 to 4.13 shows the bar chart of efficiency summary for the different states under considerations. The chart indicates that in Lagos State, when the information on the prices of input are given, the public hospitals performs more efficient than the private hospitals in terms of technical, allocative and cost. This situation was also the case in Ondo, Osun and Oyo. However, in Ogun State, the bar chart shows that in terms of technical efficiency, the private hospitals are more efficient in utilizing their inputs in the provision of output for the health care provision than their public counterpart. Although, in terms of allocative and cost efficiency, the public sectors were more efficient than the private sectors. 
[bookmark: _Toc514203961][bookmark: _Toc514204718][bookmark: _Hlk496829716]4 .6 Discussion of Findings
Emanating from Table 4.1 to Table 4.9, the relative efficiency (DEA) scores and productivity pattern (MPI) of the Nigerian hospitals were found to be in the range of 0.100 -1.000 and 0.531 – 1.901 for the period of 2007-2016. Under the constant returns to scale assumption, the Nigerian health care providers emerged with an asymmetric efficiency pattern. The study begins by looking at technical efficiency of public and private hospitals in the absence of input prices. Thereafter, it examined the technical, allocative and cost efficiency in the present using their input prices. The productivity growth pattern in terms of technical efficiency change, technological change and total factor productivity change were then derived. The study goes further by looking at the efficiency pattern of the hospitals from the different states and on the basis, rank the states based on their efficiency score.
In the area of technical efficiency when input prices are ignored, the mean summary statistics of technical efficiency score of public and private hospital was presented in 4.1.  Under the constant returns to scale assumption, the Nigerian health care providers emerged with an asymmetric efficiency pattern. In some years the private hospitals were more technically efficient than the public hospitals in terms of making use of their available inputs in the production of commensurate output while in some other periods, the public hospitals perform more technically efficient than the private hospitals. For example, in the year 2010, 2011, 2015 and 2016, the private hospitals perform better than the public hospitals. In those periods, it may be due to the incessant industrial actions in the public hospitals which makes the confidence reposed in the public hospitals been easily sold into the hands of the private health care providers. Inferences that can be drawn from the result is the fact that periods of continuous strike actions may force patients to visit the private hospitals in order to receive treatment. However, in other periods were the public hospitals were more efficient than the private hospitals, this may be due to the high charges for medical treatments in the private health care providers which may scare away patients who have no means to visit the public hospitals for medical attention were the fee charge is commensurate with their standard of living.
The summary of the annual mean result for technical efficiency score of the hospitals for both public and private were 0.722 and 0.661respectively. The implication of this to objective one of the study is that both public and private hospitals are not technically efficient in the absence of input prices over the period examined. Although, some of the hospital breaks the benchmark of 1.000 and as a result been technically efficient, others score below 1.000 (See appendix I) and are assumed not to use their inputs efficiently in the production of their output. Based on the result therefore, public hospitals are closer to the technical efficiency score of 1.000 than their private counterpart. Hence, the public hospitals are more efficient in making use of their inputs (Doctors, nurses and hospital beds) efficiently in the production of their output (Inpatient, outpatient and deliveries) than the private hospital in the absent of input prices. Similar result were found by (Mathiyazghan, 2006; Tang, Zang, Chen & Lin 2014; Lee et al 2009). Therefore, if all the hospitals that have been having input wastes will be perfectly technically efficiency, they have to reduce their inputs by the percentage of their input wastes with the same level of outputs so as to benchmark with the perfectly efficient hospitals.
However, when input prices are used, the result revealed that on average for the ten years, the technical efficiency score for public hospital is 0.651 while private hospital is 0.619. This shows that when the input prices are used, the public hospitals are more efficient than the private hospitals. In terms of allocative efficiency also, the result shows that the public hospitals were more allocatively efficient by optimally allocating both human resources and medical equipment to the production of different sets of hospital outputs in such a way that the productivity is maximized. On allocative efficiency, for public hospitals the efficiency score was 0.675, and that of private was 0.411 indicating that the hospitals (private and public) had not used their input efficiently to maximize their output in the productions that would minimize costs. The result from the cost efficiency also depict that the public hospital has a value of 0.438 and the private has a value of 0.256. This shows that public provision of health care is more efficient than the private provision in terms of technicality, allocative and cost. Basu, Andrews, Kishore, Panjabi and Stuckles (2012) and Giancolti, Guglielmo and Mauro (2017) got similar result in Low and middle-income countries, where they find that public provision are more efficient than the private provision of health care. Also, Grosskopf and Valdmanis (1987) compared private and public ‘not – for – profit’ hospitals in Califonia, US, and found public hospitals were more technically efficient due to better resource management and a better ‘best practice’ production frontier. The implication of this to objective two of the study, is that in the presence of input prices, the public hospitals are technically, allocatively and cost efficient than the private hospitals in terms of making use of their financial input (Drugs, equipment and operating expenses) to generate commensurate output, optimally choosing the correct mix of input by using both human resources and medical equipment to the generation of commensurate revenue in such a way that the productivity is maximized with regard to their input prices and that their reduce inputs,  increase outputs proportionately at minimum costs.
The result was not surprising because, when considering the financial inputs of both public and private hospitals, we cannot consider the combination of equipment in public hospitals to that of their private counterparts as there are often referrals from the private hospitals to public hospitals, in order to access better care via the modern hospital equipment available. In view of the above, the revenues that would have been generated to the private hospitals are indirectly transferred to the public hospitals. Moreover, experienced and qualified doctors and nurses are much more prevalent in the public hospitals which may not be found in the same measure in the private hospitals. This no doubt is as a result of the harness of better resources in the public hospitals which is well understood by the patients. In addition, minimal hospital bill being charged in the public hospitals for patient treatment makes patients to prefer the public hospitals to privates resulting to a better mix of output (revenue from drugs, treatment, test and so on). 	
A hospital will only be cost efficient if it is both technically and allocatively efficient.  Cost efficiency is calculated as the product of the technical and allocative efficiency scores (expressed as a percentage), so a hospital can only achieve a 100% score in cost efficiency if it has achieved 100% in both technical and allocative efficiency (Farrell 1957). From the findings, none of the hospitals were consistent throughout the ten years of evaluation in terms technical, allocative and cost efficiency in the hospital in South - west, Nigeria. This mean that, hospitals that are technically and allocatively efficient and operated at the perfect efficient frontier (100%) could be attributed to managerial capability and strength, superior investment strategies, advanced management techniques, better-quality customer service, efficient use of human resources and medical equipment and simultaneously making an enhanced use of technology in their operations. It would be pertinent to add here that these hospitals are normally overstaffed and burdened with a large number of non-performing inputs such as Doctors, Nurses and the idleness of some hospital beds for which salaries are been paid to the doctors and nurses who do not perform any duty but receiving money. The hospitals were also affected by large amount of operating costs, accumulated spending from the past, and were less responsive fully to technological development.
In general, the findings from the efficiency of the hospitals indicates that hospitals (both public and private in the analysis) in the Southwest, Nigeria are cost inefficient, which is due to inefficiency in technical and allocative system of resources in the hospitals.  Deep understanding of the study is revealed by the graph of technical, allocative and cost efficiency where hospitals that were excellent in their efficiency score were clearly shown by the graphs as touching the efficiency score line of 1.000 in terms of technical, allocative and cost. Using the overall mean, the graph showed that for both public and private hospitals, none of them torches the efficiency score line of 1.000. This situation shows that both public and private hospitals in the South – west are not technically, allocatively and cost efficient over the period studied in the states.
	
However, for the different state individually, on the graph of technical efficiency, some hospitals hold the efficiency frontier fully and consistently, where others disperse away from the frontier. On the graph of allocative efficiency, only few hospitals were fully efficient among others. It means other hospitals charge a higher price for their hospital products than necessary. On the graph of cost efficiency, as it has been established that both technical efficiency and allocative efficiency are determinants for cost efficiency, all other hospital in the sample disperse away much more from the frontier whereas some hospital is outstanding in holding the cost efficiency frontier. In the mean efficiency scores curve, the three efficiency curves skydive to reach the frontier.  This shows the rise and fall nature of hospitals and developing nature of Nigerian hospital system.
The Malmquist productivity change index is composed of efficiency and technical change indices. The efficiency change index is a measure of whether the production of a certain hospital is progressing toward the efficient frontier, which we call “catching-up”. Technical change, on the other hand, measures how much the hospital technology frontier shifts with each hospital’s input mix; that is, “innovation.” For Public hospitals, the decomposition of the productivity index shows that technological change has a more significant role in productivity improvement in the hospitals than the efficiency change with a value of 0.990 as against 0.981. However, during the period from 2007 to 2016, the technical change and technological change indices for public hospital showed progression in some years and deterioration in other periods. This makes the total factor productivity change to also witness progression in some certain periods and deterioration in other periods since the multiplication of both gives the total factor productivity change. The implication of this result to objective three is that the observed productivity growth in the public hospitals in terms of technical efficiency change and technological change are between 98% and 99% signaling deterioration in the public hospitals in South-west, public hospitals for the period studied.
For Private hospitals, the decomposition of the productivity index shows that technical efficiency change has a more significant role in productivity improvement in the hospitals than the technological change with a value of 0.993 as against 0.975. However, during the period from 2007 to 2016, the technical change and technological change indices for private hospitals also showed periods of progression and deterioration. This makes the total factor productivity change to also witness progression and deterioration for different periods. The implication of this result to objective three of the study is that the observed productivity growth in the private hospitals in terms of technical efficiency change and technological change are between 99% and 98% signaling deterioration also in the private hospitals in South-west, for the periods studied.
In terms of total factor productivity change for both the public and private hospitals, the result shows that for both public and private hospitals the summary of annual mean scores for total factor productivity change value were 0.971 and 0.968 respectively signaling deterioration. The implication of this result to objective four of the study is that, for the periods studied both public and private hospitals were deteriorating in their growth pattern.
Deep understanding can also be seen from the graph which shows clearly that on the growth pattern, in terms of technological and productivity change, the public hospitals are better performers than the private hospitals. In general, the outcome of the result shows that the hospitals in South - west, both public and private maintain their previous level of input, that is, no progress in the factors of production to depict better skills in most of the hospitals. This no doubt is seen in the hospitals as most of the hospitals are not coming up with new technology in order to ensure productivity growth in the hospitals.
The summary statistics of various efficiency measures for each of the states shows clearly that for the five states chosen none of the hospital both public and private was fully efficient. Although some of the hospital were technically, allocatively and cost efficient by maintaining the efficiency score of 1.000. However, the weight of the inefficient hospitals subsides the efficient one, making the overall average means of the hospital to be less than the efficient score of 1.000 for both health care providers in the South – west states. The implication of this result is that state wise, the performance of both the public and private hospital have been inefficient in the using of their input (Doctors, Nurses and Hospital beds) to be able to generate physical outputs (Inpatient, outpatient and deliveries). This therefore increases the fear of patients to rely on the health care providers for treatment and as such the wealthy patients prefer to go abroad for medical attention thereby constituting a capital outflow. 
From the efficiency score, it is also evident that there was no consistency in the hospitals to attain all round efficiency in all the years. In some years, both in private and public hospitals, some hospitals that perform better by being fully efficient or technically efficient but fail in another period. In the place of the public hospitals, this may be attributed to constant strike actions by the medical personnel, depreciation of hospitals equipment thereby leaving some hospitals bed to lying waste.  As a result, most patients move to the private hospitals for medical attention thereby affecting the efficiency of the public hospitals. Market competition, frequent changes in health personnel and brain drain in the side of the private hospitals as most health personnel want to move to the public hospitals due to wage differentials.
[bookmark: _Toc514203962][bookmark: _Toc514204719]4.7	Policy Implications of the Results 
The findings lie more on; managerial implication, economic implication and future implication. On managerial implication, this is pertaining to individual hospital / owner or the management board of the public and private hospital. They should be proactive to ensure quality, harnessing of input variables of the hospitals so as to be subjecting those inputs into absolute utilization in order to bring about commensurate output in the form of revenue so that the present existence of inefficiency in the management of the hospital will be forestall.
Also, the Hospital Management Board and private owners should either be reducing the level of input to maintain the present level of output so as to be found on the efficiency frontier continually or they should strategize means of boosting the presence level of output with the presence level of their input. If these are not put in place no doubt that the performance of the health care providers will continue to fall below the benchmark for which they are been placed to perform in the economy. 
On economic implication, inefficiency noticed in the health sector is so alarming. The low health expenditure, high brain drains, obsolete instruments, political corruption (for example, in some of the facilities (public hospitals) visited as many as above two hundred nurses were on ground who were employed on party satisfaction) on the part of the government have led to medical tourism at the expense of accruable GDP to the country. 
On future implication, the future implication of this result is that, the Sustainable Development Goals (SDGs) to ensure effective healthcare delivery come 2030 by the Nigerian government cannot be achieved if the menace of inefficiency witnessed in the health sector continues this way. However, if the managerial and economic implication be handled with absolute assiduousness to engender better efficiency remain in the efficiency frontier this may be achieved.
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[bookmark: _Toc514203964][bookmark: _Toc514204721]SUMMARY, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc514203965][bookmark: _Toc514204722]5.0	Introduction
	This chapter presents the summary, conclusion and recommendations as well as the contribution of the study to knowledge, limitation of the study and the directions for further research.
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The study estimated the relative efficiency of public and private hospitals in the South-west, Nigeria looking into their trend of efficiency in terms of technicality, allocation and cost as well as their total factor productivity for ten years, covering the period from 2007 to 2016. A total of one hundred (100) hospitals were randomly sampled of which 20 from each State comprises 10 Public hospitals and 10 Private hospitals. A well-structured questionnaire was used to source for the required information from the 100 hospitals for the 10 years. For this intention, the Data Envelopment Analysis (DEA) as well as the Malmquist Productivity Index were used with six input variables which were; number of Doctors, number of nurses, number of hospital beds, cost of equipment, cost of drugs and operating expenses and four outputs variables which were; outpatient, inpatient, number of deliveries and revenue. The prices of the cost of equipment, cost of drugs and the operating expenses were also considered since the price of the inputs, is a determinant factor in deriving the allocative efficiency.
Having got the results of the analysis, some hospitals were perfectly efficient in terms of technicality with their efficiency scores of 1.000 in both the private and public hospital. whereas others below the technical efficiency scores of 1.000 were not fully technically efficient. Although majority of those which were not fully efficient were closer to the efficiency value of 1.000 in that most of the hospitals scored above 0.7 making them to be satisfactory in their efficiency. However, in terms of allocative and cost efficiency only few of the hospitals were able to reach the efficiency line of 1.000. In fact, in most of the cases only one hospital from each state meets this point.
In terms of productivity pattern, both the public and the private hospitals displayed inconsistency in both the technical efficiency change and technological change making the total factor productivity change of the hospitals to behaved prototype. In some periods, they are progressing and in other period deteriorating. No time in the period studied were the hospitals stagnant.   In the overall the pattern of productivity was deteriorating for both the public and private hospitals.
In general, the mean of technical efficiency, allocative efficiency and cost efficiency for the period examined were less than 1.000 and their productivity pattern were deteriorating which is the benchmark for hospital to be efficient. These mean results depicted the fact that hospitals in the Southwestern part of the country generally need managerial attention beyond the emphasis of continual policy on the health care sector so as to ranked the country’s health care provider better than the 187th position been placed in the ranking of health care providers by the World Health Organization.
[bookmark: _Toc514203967][bookmark: _Toc514204724]5.2 	Conclusion
The global objective of this study was to compare public and private hospitals in terms of their relative efficiency and their pattern of productivity growth over the years with the sole aim of providing policy direction towards improving the health outcomes of the Nigerian population.
To achieve this, the technical, allocative and cost efficiency as well as the productivity pattern were examined among the selected hospitals in the Southwest. Using DEA and MPI, on the data collected, it was found that the efficiency parameters considered generally displayed inconsistency by all the hospitals. This is because, where the private is more technically, allocatively and cost efficient in some years, the public does not and some periods were the public were also efficient, the private do not and as such there is no dominance but rather a mixed performance between the private and public hospitals in the South-west and likely in Nigeria.
The four sub – objectives in this study were attained and on these, the study concluded that:
1. In terms of technical efficiency (without input prices), public hospitals performed more technically efficient than the private hospitals. The finding is in line with studies by Forbes, Harslett, Mastoris and Risse 2010
1.  In terms of using financial inputs to generate financial outputs, conclusion reached from the study shows that the public hospitals are better than the private hospital in terms of technical, allocative and cost. The result is in line with the findings from (Basu et al, 2012; Giancolti, Gugilielmo & Mauro, 2017; Hsu, 2010; Tiemann, Schreyogg & Busse, 2011). This means that public hospitals are more efficient in using their input resources, optimally allocating both human resources and medical equipment in such a way that the productivity is maximized by properly choosing the correct mix of inputs given the input prices. This was not surprising since private hospitals experienced more limited availability of equipment, medications, and trained healthcare workers to generate optimal output.
1. In terms of technical efficiency change and technological change both the public and private hospitals displayed inconsistency with some period being progressing while in some other periods deteriorating. However, on the overall, both hospitals were deteriorating in their drive to productivity growth. 
1. In terms of the total factor productivity change, both the public and private hospitals were also deteriorating as a result of technical efficiency change and technological change. However, the growth in the total factor productivity in the public hospital is faster than that of the private hospitals due to the product of technical efficiency change and technological change patterns of the hospitals.
 In general, however, it is no longer a question of private versus public but rather what is the best and most efficient mix of inputs that will help to produce maximum output and how can the hospital reduce its waste and produce cost effective health care services. This is because, Nigerian hospitals are not still efficient since they fail in reaching the efficiency score of 1.000 for the period considered and on the average the hospitals are deteriorating in terms of productivity.
[bookmark: _Toc514203968][bookmark: _Toc514204725]5.3 	Recommendations
Based on the conclusion of this study the following recommendations are proffered.
i.	Ministry of Health and the Hospital Management Board should equip the hospitals towards the changing health demands so that doctors and nurses can cope with the changes in technology 
ii.	 From the findings, the existence of inefficiency resource slack among some of the hospitals both in the public and private is a pointer to the fact that the available resources can be better utilized to positively impact the health of the population than applied in those years. Actions towards improving access and utilization of under-utilized inpatient, outpatient, deliveries and the generation of revenue can be improved. This can be done by the policy makers to ensure that an attempt be made to transfer excess facility inputs to areas with apparent shortage especially in the public hospitals to boost health care service provision.
iii. 	The findings also indicate that there is deterioration in technological change and technical efficiency change leading to poor total factor productivity of the hospitals in the South - west over the period of the study that may be partly explained in terms of the staff’s limited skills to appreciate and apply new medical techniques. Therefore, there is need for training and capacity building of health personnel in order to cope with the changing demands of the age and technology. Hospitals can improve as far as technology is concerned by making improvements in management and in developing their human capital.
iv. 	The Ministry of Health should put in more effort to reduce inefficiency in the provision of health services. The effort should be geared towards ensuring consistent increase in the overall efficiency. In addition, while the government continues to explore alternative health financing options as indicated in the vision 2030, efforts towards ensuring efficiency improvement of the hospital efficiency should be considered as one of the strategies for mobilizing more domestic resources if the country must have to meet its goal.
v. 	Government should reduce the health budget gap so as to bring the public hospitals into healthy competition with their foreign counterpart in order to reduce medical tourism and invariably reduce capital flight from Nigeria.
[bookmark: _Toc514203969][bookmark: _Toc514204726]5.4	Contribution to Knowledge
This study on the relative efficiency of public and private hospitals in the South -west, Nigeria has contributed to the field of data envelopment analysis and performance evaluation in terms of productivity growth in both the private and public hospitals in some numeral ways
i. Empirical investigations of efficiency performance of health facilities in Nigeria using data envelopment analysis and Malmquist productivity index, as far as can be 	determined, has not been done extensively in Nigeria especially in the south – west. This study therefore provides has contributed to knowledge in that not only DEA technique was used but that MPI was also used to determined efficiency and productivity of the hospitals.
ii. The study has demonstrated that data envelopment analysis and the Malmquist 	productivity index are useful tools for identifying the most and least efficient hospitals as 	well as determining the productivity of hospitals and strategies for saving resources 	inputs and/or increasing outputs and knowing the growth pattern of hospitals over the 	period of their existence. Managerial response to the result of data envelopment analysis 	can produce a good guide for resource allocation. Also, the results in this study yields a 	more realistic picture for policy makers and hospital managers in setting a benchmark to 	guide hospitals in achieving their goals.		
iii. The study has bridged empirical knowledge gap as to the level of efficiency and 	productivity growth in both the public hospitals and private hospitals in their quest for 	health care delivery services. Therefore, this study serves as an invaluable compendium 	of ideas, facts and figures that can be used by health professionals, managers, policy 	makers and academics in understanding the nature and efficiency performance of 	hospitals in south – west geo – political zone of Nigeria which can invariable be extended 	to other geo – political zones.		
iv. Most importantly, health system consists of four objectives which are; effectiveness, 	efficiency, quality and equity. However, most studies unconsciously ignored the aspect of 	efficiency in the public and private hospitals which this study focuses on.			
v. Among the three-health care system in Nigeria, comprising of the federal, states and local governments, this study has investigated the situation of the state (secondary) provision in the South – 	west, Nigeria.		
[bookmark: _Toc514203970][bookmark: _Toc514204727]5.5	Limitation of the Study  
The current study contributes to the empirical literature on the relative efficiency of public and private hospitals in southwest, Nigeria. However, it is imperative that the limitations of this study be identified so that findings can be interpreted correctly within the framework of the study and future studies can expand on these.
 It may be argued that the objective functions of any health system are effectiveness, quality, efficiency and equity. Therefore, the ideal output is expected to capture both quantity and quality of lives of those who interact with hospitals. However, data on hospitals are not like other parastatals which can be seen from different source, hence easy access to data stand as one of the major limitation.
The present study could not determine inefficiency due to systematic quality variations though there may be variations in the quality of care provided in each hospital. Due to the quality of data keeping system in most of the health systems in Nigeria, we were not able to obtain data that would have been useful in defining quality-adjusted outputs. Indeed, the study was limited to five states in South West Nigeria on the account that complete data could not be obtained for other states after several trials. In otherstates visited, the data especially in the private hospitals were kept in a format that limits their usefulness for the current study.
In addition, the time consumed for completion of the questionnaire for both the public and private hospitals delay the easy completion of the analysis of the study. It was decided to visit the different states in occasionally which led to high financial constraint.
Another main limitation of the study is the concentration of our efforts on public hospitals and private hospitals in the secondary health care facilities. Future research efforts are required to extend the study to include tertiary and primary health care. Research efforts of this kind will provide empirical evidence for or against the hypothesis that both private and public facilities do not always use resources efficiently and that productivity of the hospitals are not progressing.
[bookmark: _Toc514203971][bookmark: _Toc514204728]
5.6	Directions for Future Research 
This study evaluated the relative efficiency of private and public hospitals in South –west Nigeria. However, there are several theoretical and empirical issues that may be investigated for further discussion and closer examination, which are stipulated as follows:
i. Regarding methodological extensions, it is feasible to compare the results of the DEA 	model in the present study with those results obtained from other alternative techniques, 	such as stochastic frontier analysis (SFA). In fact, the use of SFA could yield a different 	set of efficient data, which might or might not be in agreement with the DEA results from 	the current study. Hence, this investigation would be helpful to confirm whether 	analytical methods other than DEA could offer any additional value to the available 	information on the efficiency results that DEA provides.  	
ii. Another possibility for future research is to evaluate other geopolitical zones in the 	countries due to political willingness and commitment among states and the span of the 	studies which may cut across different political phases. It may be worthwhile for further 	studies with considerations of income level differences and political differences.	
iii. Among the four principal objectives of health system which include effectiveness, 	efficiency, equity and quality, only one of the objectives was examined. Further research 	can look into equity, effectiveness and quality.	
iv. The budget and input improvement especially concerning public hospitals while issues of 	exchange rate may be silent, it has its devastating effects on the primary health sector. 	Hence, the tertiary and primary healthcare are also a focus for further studies.	
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