CHAPTER ONE

INTRODUCTION
1.1
Background   of the Study
Health is one of the most important services provided by the government in  every country of the world. In both the developed and developing nations, a significant proportion of the nation’s wealth is devoted to health. For example, the World Health Reports (2006) gave Nigerian government’s expenditure on health as a percentage of the nation’s Gross Domestic Product (GDP) for year 2001, 2002, and 2003 as 5.3 percent, 5 percent, and 4.7 percent respectively. This is to show the fact that Nigerian government health care expenditures are not only significant in absolute terms but also relative to the Gross Domestic Product.

Developing nations’ expenditure on health, however, ought to be more substantial than that of the developed nations. This is because in developing countries like Nigeria, with relatively low level of mechanization and automation, health assumes additional dimension of importance in terms of implications for economic activities. The Federal Ministry of Health in Nigeria (1998) noted that the health of the people not only contributes to better quality of life, it was also essential for sustained economic and social development of the country as a whole. Hence, health is regarded as a critical resource in the process of economic development. 
Consequently, spending on health is not only consumption expenditure, but a productive investment both at individual and national levels. On the enterprise scale, for example, a healthy workforce reduce the cost of building slacks into the production schedules; enhance investment in staff training and exploitation of the benefits of specialization (Nwaobi, undated). At the national level, a healthy population is potentially a more productive population. This reasoning   justifies national resource deployment to health and the increased campaign to use organized healthcare. It is assumed that increased access and use of health services will improve the health status of the population.

It is the quest for increased access to health care so as to ensure that Nigerians attain a level of health that would make it possible for the people to lead socially and economically productive life that informed the health sector reform. The reform made primary healthcare the cornerstone of the nation’s health system with responsibilities for health shared among the three tiers of government. Thus, the Nigerian health system based on the national administrative structure is vertically divided into three tiers of primary, secondary and tertiary levels each being the responsibility of Local, State and the Federal Government respectively.
In terms of institution, the primary health care level is made up of public health care centres and clinics, dispensaries, private clinics and maternity centres. The secondary care level consists of general, cottage and mission hospitals, while teaching and specialist hospitals exist at the tertiary level. These tiers, by design, are closely related to one another with the higher tier designed to assist the lower care levels by handling referral cases from the lower facilities. Responsibilities for health at the primary level reside with the local government while the Federal government has responsibility for policy formulation, monitoring and evaluation of the nation’s health system. The states manage secondary facilities and provide logistic support for the local government in form of personnel training, financial assistance, planning and operations (Federal Ministry of Health, 2000).

However, this segregation of responsibilities for health has inherent problems of coordination. In effect, the organizational structure of the Nigerian health system has significantly affected managerial decisions, financing and incentive structure. This has altered the operation of healthcare facilities, hospitals and health centres in terms of medical inputs and service provisions. Chang (1998) and Rosko (1999) indicated that changes in financial mechanism of public hospitals can increase financial pressures and point to the need for performance improvement.

This highlights the need for prudential principles of healthcare management in the Nigerian health system especially in the nation’s hospitals and health centres. This is because hospitals are the prime resource consuming units in any national health care system and it is the dominant sector of the health care system (Rosko, Chiligerian, Zin and Aaronson, 1995; Mckee and Healy, 2002). Though direct evidence is difficult, it is however reasonable to assume that hospitals can contribute to overall populations care health status by providing care to the people. In addition, hospital services can reduce poverty levels and promote economic developments through minimizing mortality in the population (Mackee and Henley, 2000). Besides, hospitals as a dominant sector and prime resource consuming agent in the health system, their performances and resource utilization are a key determinant of the overall performance of the health care system. It is intuitively compelling to reason that health centres and hospital functions can improve population well being and meet social needs. 
The performance of these critical institutions in the health care sector must be assessed if health and development goals are to be met. According to Sowlati (2001), there has been an increasing emphasis on measuring and comparing efficiency of organizational units such as banks and healthcare facilities where there are relatively similar sets of unit. In the light of apparent resource constraints in the Nigerian health care sector, social pressures that demand greater accountability from public organizations and research evidences indicating that private and public sector organizations do not always use resource efficiently (Yaisawarng and Puthucheary, 1997) interest in performance evaluation of public organization has increased. These and the increased demand to provide justification for resource allocation seem to have increased motivations for performance measurement efforts.

Furthermore, performance metric for public sector assumes important dimensions in terms of its implication for service expansion and justification of public expenditures. Dash, Vaishnari, Muraleedharan and Acharya (2007) observed that performance measurement constitutes a rational framework for the distribution of human and other resources between and within health care facilities. And, efficiency measurement by monitoring performance of individual hospital and comparing them with one another is a useful tool for improving management, rationalizing resource allocation, and mobilizing additional inputs (Afzali, 2007).

Higher efficiency can allow greater production and better quality of services often without consuming additional financial and real resources. Therefore, a key question to ask is; are Nigerian health care facilities efficient? If there is need for improvement, by how much can they be improved? A deliberate focus on how well the production process transforms resources into output should prove useful for addressing such questions for public allocation decisions.
1.2       Statement of Research Problem
The population of Nigeria, with an estimated growth rate of 2.38 per cent, is projected to be over 140million people (National Population Commission, 2006). It is therefore evident that the nation’s demand for healthcare is large and increasing over time due to a large, growing and ageing population. However, resources for healthcare provision are limited. According to the World Health Organisation country health systems facts sheet (2006), Nigerian health care system, in 2002,  had doctor to a 1000 population ratio of 0.28, nurse to a 1000 population ratio of 1.70, and pharmacist and technician to a 1000 population ratio of 0.05. Health workforce situation, however, has improved  by 2007 to doctors/1000 population ratio of 3.70, nurses/1000 ratio of 9.10, pharmacists/1000 ratio of 0.93 and laboratory scientists/1000 of 0.9 (Labiran, Mafe, Onajola and Lambo, 2008). Notwithstanding, the problem of providing health care for all subsits as an area of concern because the problem of scarcity of resources is compounded by technical inefficiency that leads to wastage of available meager resources (Kirigia, Preker, Carrin, Mwikisa, and Diarra-Nam, 2006)  
In addition, due to difficult economic conditions, governments have limited resources to finance the rising demand for increased and better quality health care services required by the populace. In the past, problematic health situations were solved by providing additional resources. This approach, however, has become economically unrealistic to sustain because of resources requirements of in other sectors. Assuming that resource in-flow to the health sector can be guaranteed or increased with assistance of donor and development agencies there is, however, a growing realization that increased funding alone can not solve the resource problem (Akazili, Adjuik, Jehu-Appiah, and Zere, 2008). Consequently, achieving and improving efficiency in the operations of key institutions of the Nigerian health system has remained a key problem area. This problem  is of profound interest to all health sector participants: government, planners, management, donor agencies and healthcare customers because higher efficiency holds the lever for greater production and better quality services without expenditure of further financial and real resources.

Again, there is an evident management deficiency in the acquisition, deployment and utilization of available scarce resources in the health sector. Health System Resource Centre (2004) succinctly pointed out that available health resources in the Nigerian system are not often employed in a cost-effective manner to bring the desired benefit. These pervasive managerial weaknesses in the health system often render additional funding necessary but perhaps not sufficient. Consequently, with the central government facing a situation in which it is expected to meet a growing burden of diseases, regulate quality and cost of services and meet other demands in the light of limited and poor resources utilization, questions are being raised on the volume and quality of health services produced with available resources (Nwase, 2006). The concern is whether volume and quality could be improved through efficient care delivery in the nation’s hospitals given the resource constraints.
Therefore, against the resources constraints and wastages in the system, it becomes imperative that we focus attention on the problems of efficient usage of available resources in the system. This logic is premised on the fact that as population keeps growing, the burden of health care provision increases and the need to address the concern of government and donor agencies on whether the nation’s hospitals efficiently utilize minimum amount of  feasible inputsbecome strategic in the mobilization of resources in order to achieve the Nigerian health goal. In fact, efficiency in resource usage should be the rational response to the state of health resources in the system as a base for achieving universal of healthcare coverage. It is evident that some revolutionary managerial actions, based on empirical evidences of the present performances of core institutions in the nation’s health system, are needed.

Furthermore, the organizational structure of the Nigerian health system shared responsibilities for health among the three tiers of government: federal, state, and local government. This organizational design was to allow health programmes to be adapted to local population needs, raise community participation, mobilize local resources and improve service delivery (Adeyemo, 2005; Duarte, 1994 in Alvarado, 2006). However, assuming that this distribution of oversight functions between the tiers of government is prudent, performance measurement of such function/responsibility is necessary. This is because such transfer of responsibilities have significantly affected managerial decisions, financing and incentive structure in hospital and health centres which are the dominant sector of the healthcare sector.  Besides, evidence from other climes indicates that reform or restructuring or such transfer of responsibilities may not positively impact on hospital efficiency (Bradford and Craycraft, 1996; Linna, 1998; Steinman and Zweifel, 2003, Ferrari, 2006). In the Nigerian case, hospitals at all health care levels have become political instruments both in terms of management and resource allocation. 
In addition, there is in any democratic dispensation, the political pressure to build new facilities or to increase beds or facilities size, procure expensive medical equipment for some geographic areas that will be important in future election. The problem then is the overcrowding of patients in some areas and under utilization of facilities in others; which further magnifies the problem of wastages and inefficient use of health resources. Aminloo (1997) argued that there is inappropriate geographic distribution of hospitals beds in Iran. This argument is relevant in the light of the current political climate in Nigeria in which political consideration is an important factor in the determination of location, size, mission and management of public hospitals and clinics. The questions that arise then are: could a politically determined plant for hospital sizes impinge on the operations of the health system? Or should a politically determined location and management result in environmental pressure that weigh significantly on the facility performances?

Therefore, the absence of empirical evidence on the comparative performance of health facilities in the health sector seems to aggravate rather than alleviate concern about inappropriate size and environmental pressure on hospital performance. It is evident that knowledge gaps exist as to the level of efficiency of the nation’s hospitals. Relieving this concern demands an assessment of the magnitude of efficiency or inefficiency of these facilities in the production of health services. Measurement of outcome and assessment of efficiency should be considered crucial in the process of functional evaluation of the health sector where scarcity of resources is apparent. This seems important given the fact that the production efficiency hardly constitutes a major determinant of wage rate in the public sector.

This has sometimes produced negligence in the public sector: employees expect to be paid irrespective of their contribution. In the Nigerian health system, the lack of linkage between productivity and wage rate has often produced facilities that operate for their convenience rather than for the public good. It is evident; therefore, that inefficiency is an inherent key issue in the nation’s health system. Akin, Birdsall and de Ferranti (1987) observed that in-efficiency in government health programme is one of the major problems in African healthcare systems. Inefficient use of scarce resources in the health sector restricts governments’ ability to extend health services of acceptable quality to a larger proportion of the populace, thus, inefficient use of scarce resources exact penalty in terms of forgone health benefits (Walker and Mohammed, 2004).
1.3 
Research Objectives
The broad objective of this study is to evaluate the performance of the Nigerian health system, specifically the hospitals subsector which is the dominant and prime resource consuming sector in the health system. Performance itself connotes a constellation of several constructs including effectiveness, productivity and efficiency (Kaplan, 2001, Kaplan and Norton, 1992). This study is focussed on the examination of efficiency of hospital facilities in the Nigerian health system. A further intention is to evaluate the impact of environmental variables on their operational performance.
The specific objectives include the following: 

a) Determine the operational efficiency of secondary facilities in the sampled states.

b) (i). Measure the magnitude of inefficiency of the facilities and  
 recommend performance targets for such facilities.
(ii) Identify the benchmark or peer facilities for the inefficient hospitals to maximize 
efficiency savings in the health system
c) Examine the impact of scale of operations on the relative efficiency of these facilities and determine the nature and sources of relative inefficiency.

d) Determine possible input reduction in each care facility and what should be done with excess input in the health system at the secondary care level.
e) Analyze external factors or operational environmental characteristics which might explain variations in efficiency of these facilities.

1.4       Research Questions
      In the light of the strategic nature of hospitals in the Nigerian health system this study intends to shed light on the following questions in order to address the concern of government, Nigerians, international organizations and donors on the performances of the nation’s hospitals:
a) Do the nation’s hospitals maximize their outputs using the minimum amount of inputs? 
b) Which facilities are relatively more efficient and worth emulating so as to maximize efficiency savings?  (Benchmarks or “role models” for others)?
c) Are there any inefficiency related to the size of these hospitals? Too large or too small relative to ouput profile?
d) If these facilities were to operate according the best practice, by how much could resource consumption be reduced to produce current output level? Put differently, by how much could output be increased given the current input deployment?

e) How do organizational and contextual variables account for the differences in their performances (efficiency) of these health facilities?
1.5
Significance of the Study


        Hospitals and health centers are at the centre of implementing interventions and policies which are crucial to the attainment of the nation’s health goals. In particular, these facilities provide the largest share of services in health delivery through a wide range of diagnostic and therapeutic services. In this view, hospitals are responsible for the treatment of ill persons and restoring their abilities for role performances. It is therefore, not out of place that in developing countries, hospitals consume an average of 50 -80 percent of recurrent health sector expenditures. This represents a significant financial burden on any developing nation.


 Therefore, when these facilities consume excess resources in the production of services or output, the results is invariably the resource misallocation and loss of potential care to other beneficiaries (Masiye, 2007).  This in turn raises important sustainability and equity implication for Nigeria in particular, which ranked poorly on health equity index: 188th out of 191 WHO member countries (World Health Report, 2000). Thus, a study of the operational efficiency of these facilities would raise their service potentials and provide opportunities for re-allocating resources to other areas, resource mobilization, and identifying remedial actions to improve efficiency. 

Furthermore, evidences exist of the poor performance of the Nigerian health system. The nation’s health system was ranked 187th out of 191 WHO member countries on the indexes of overall health system performance; and according to Masiye (2007) hospitals are the key determinants of nations’ health system performance. These institutions constitute the dominant sector and prime resource consuming unit in the health care industry (Rosko, Chilingerian, Zin and Aaronson, 1995, Mackee and Henley, 2002). Consequently, if these institutions are inefficiently organized, the potentially positive impact on the overall well being of the population may be reduced. Despite this awareness and to the best of our knowledge, there has so far, been no systematic attempt to measure efficiency using data envelopment analysis, and analyze factors affecting the efficiency of the Nigerian hospitals.

This study has set out to fill this gap and provide supportive evidences from Nigeria in the body of literatures and thereby enhance Nigerian hospital performances. Monitoring of efficiency in care delivery of these health institutions is part of the broader stewardship role of the state through the health ministry (Saltman and Ferrousier-davies, 2001), especially, ensuring that health sector investments are optimized. This present study holds the potential of empowering the ministry of health to play their stewardship roles. In addition, managerial efforts to raise efficiency of these institutions will be enhanced on the strength of the knowledge of the efficiency levels and determinants of efficiency of these key institutions.
Health care managers, especially public health facilities managers, are entrusted with a portion of society resources for the production of health services. As noted earlier, hospital (health institutions services) can reduce poverty level by promotion of economic development through minimizing mortality and morbidity 

Moreover, the resources deployed for the production of these services, as economic concepts suggest have alternative uses. Consequently, to manage or employ these resources inefficiently is ‘unethical and immoral’ (Culyer, 1992; Mooney, 1986). Besides, as noted by Masiye, Kirigia, Emouznejad, Sambo, Mounkalia, Chifwembe and Okello (2006), inefficiency among health centers (institutions) is ‘unethical and immoral’ because it implies lost opportunities for improving extra person’s health status at no additional cost. 
1.6     Scope of the Study
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 two South Western States of Nigeria: Ogun and Lagos 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.
Similarly, Lagos state, was created in 1967 and occupies a total land mass of 3,577 square kilometres part of which consist of 787 square kilometres 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 kilometer 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.
  The choice of these states is informed by accessibility, distance and data availability. However, due to the secrecy of private providers over their operations, data in respect of private providers were lacking in the two states. Consequently, this study is limited to data obtained on public health facilities in the states under reference. 
1.7         Limitations to the Study
It is expected that this study is limited by a number of constraints. One, our reliance on management science technique of data envelopment analysis to estimate the efficiency of these facilities may not provide ready comparison with other estimation methods such as stochastic frontiers analysis or ratios. Though studies have proved data envelopment is superior in estimating efficiency in the light of multiple inputs and outputs situation, the usual limitations associated with this method subsist in the study. In addition, other local hospital research based on our estimation procedure here are not readily available.  Hence, this study leans more on research works outside the shore of Nigeria. Again, private care providers’ unwillingness to provide access to their database and lack of such database in most instances result in our inability to include private care providers in the geographical areas covered in the study.
1.8       Structure of the Work
This research work is organized into five chapters of which the first chapter consists of the introduction to the work. The chapter provides the background information to the study, the objectives and justification for the study and concludes with a section devoted to definitions of terms used in the study.

Chapter two is devoted to the review of relevant literatures on the subject of health, efficiency and data envelopment methodology and models. The third chapter details the research methodology. The approach to this study, including models formulation and methods of data analysis in the study is reasonably described in the third chapter. The presentations and analysis of data generated from the applications of the models and methods described in chapter three forms the content of chapter four. The chapter is in two parts; the first section is devoted to the results of analysis of data on Ogun state hospitals while the second segment details the results from Lagos State. The concluding chapter of this research contains the summary of findings, conclusions and recommendations on the basis of the study
1.9       Definitions of Terms
Data Envelopment Analysis (DEA): A linear programming technique which identifies best 
practice within a sample and measures efficiency based on the difference between      observed best practice units.

Decision Making Units (DMU): Organizations or hospitals or units being examined in a DEA study. 
Benchmarking: Comparing performance of organizations against ideal level of performance or industry leaders  

Efficiency: Extent to which organizations makes optimal use of resources to produce output of a given quality.
Productivity: Measures of physical output produced from a given quantity of inputs. It is the ratio of inputs used to output produced.
Linear Programme: It is a mathematical expression that seeks to maximize or minimize a linear objective function subject to a set of linear constraints.
Output: Goods or services produced by DMU usually to individuals outside the DMU.
Inputs:   Resources utilized by DMU in the production of outputs. 
Peers:   Group of best practice organizations against which inefficient organizations or DMU is compared.
Returns to Scale (RTS):  Describes the response of output to equi-proportionate change in inputs. The change may be constant, increasing or decreasing depending on whether output increases in proportion to, more than or less than inputs increase.

Isoquants Curve:  The isoquant curve which    identifies all of inputs combinations that when used as efficiently as possible can produce a given level of output.
External operating environment: Factors which affects the operations of DMU and are outside the direct control of DMU managers.
Scale Efficiency: Extent to which an organization can take advantage of RTS by altering its size towards optimal scale.
Slacks:  Extra outputs (inputs) increment (reduction) possible to attain technical efficiency after    all outputs (inputs) have been increased (reduced) in equal proportion.
Technical Efficiency: This refers to the use of resources in the most technologically efficient manner. A technically efficient production process is one that lies along the production frontiers.  

 Health care system: the health care system can be described as production entities consisting of components or subdivisions oriented towards improvement of the health status of the populace. 

Hospitals: Hospitals are institutions for healthcare providing patients’ treatment by specialized staff and equipment. 
Health facilities:  These are organizations or decision making units whose mission and resources are devoted to improving patients’ health through health intervention measures and services such as curative, preventive, protective and health promotion activities, i.e hospitals and health centres.

CHAPTER TWO

LITERATURE REVIEW

2.1       Introduction
This chapter is concerned with the review of literatures that are deemed relevant to the study. It is segmented into three broad divisions detailing the study’s conceptual framework theoretical and empirical frameworks.

2.2
 Conceptual Framework
2.2.1  
The Concept of Health
The importance of human health in national development has made efficiency in the production of health services in the Health Care System a subject of intense research interests in the literature (Hollingsworth, 2003). This sounds reasonable because spending on heath is normally regarded as productive investment. Consequently, health is a fundamental goal of development. In addition, growth in health care costs has been attributed, at least in part, to the inefficiency of health care institutions (Worthington, 2004).

However, the definition of health adopted by providers and government has implication for the process, measurement and range of services offered. The World Health Organisation defines health as “a state of complete physical, social and mental well-being and not merely absence of disease and infirmity”. In this way, health is metabolic efficiency while sickness or ill health is metabolic inefficiency. A state of complete physical, mental, and social well-being; not just absence of disease or infirmity is a healthy status- a status in which individuals can lead social and economically productive life. Dorland (1981) was more explicit in his definition of health as a “state of optimal, physical, mental, and social well being, and not merely absence of disease and infirmity. It is clear from the foregoing that absence of disease and infirmity is a necessary but not sufficient component of health.

Poor health status, doubtless, is costly. It generally imposes costs on the society and individuals in terms of reduced ability to enjoy life, earn a living or work effectively. Good health, on the other hand, allows the individual to lead a more fulfilling and productive life. The process of producing services, goods, and managing agencies that support or enhance good health is of interest to all: professionals, government, consumers and those who provide and shape healthcare services through strategic and operational management.

 Contributions to health are made by many agencies apart from health care services offered in hospitals but health can be produced or at least restored in part after an illness by using hospital health care services. Hospitals perform a set of activities designed specifically to restore or augment the stock of health (Philip, 2003).
2.2.2       Health Production in the Health Care System
The organized provision of health care services constitutes the Health Care System. According to the World Health Report (2000), a health system is defined as comprising all organisations, institutions and resources that are devoted to producing health actions. The health system provides an organised manner for providing healthcare services or health actions. A health action is defined as any effort, whether in personal health care, public health services or through intersectoral initiatives focusses primarily at promoting, restoring or maintaining health.

Therefore, the health care system can be described as production entities consisting of components or subdivisions oriented towards improvement of the health status of the populace. On this level, health facilities and services such as hospitals and primary care are considered as parts of the input domain in the health care system. There are, however, components with health enhancing benefits which are primarily not intended to influence overall level of health within the society. For example, prohibition of smoking in public places, regulations and actions aimed at the safety or health of individuals, among others, constitute such health promotion actions.  The implication of the foregoing is the need to define the boundary of the health system as a production entity. Murray and Frank (1999) suggested that health systems boundary definitions are arbitrary, therefore, to undertake an assessment of health system performance, an operational definition of the care system must be proposed. Factors that are outside the defined boundary of the care system are regarded as non-health determinants.

Therefore, within the purview of production theory, resources that lie within the boundaries are health care resources and regulations, and policies guiding the acquisition, deployment and usage of these resources. That is, the systems inputs which are used to provide health care services in order to improve the health status of the population. Health actions of the care system produces outputs which are expected to produce a change in the population health status. The initial and actual health status of the populace and the health care system are influenced by factors outside the boundaries, that is, the non-health determinants. These non-health determinants might be more important for the health status of the whole population (Cochrane, et el, 1978; Musgrove, 1996; Mackenbach, 1991; and Filmer and Pritchett, 1999) 
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                                     Figure 2.1:    Health Production in the Health System
                                            Source: Pehnelt, G (undated)

2.2.3        Roles and Funtions of Hospital
Hospitals are institutions for healthcare, providing patients’ treatment by specialised staff and equipment. Hospitals as healthcare organisations have been defined in varied terms as institutions involved in preventive, curative, ameliorative, palliative or rehabilitative services (Pestonjee, Sharma and Patel, 2005). The World Health Organisation defined the hospital as an integral part of the medical and social organisation, which is to provide for the population’s complete health care, both curative and preventive, and whose outpatient services reach out into the family in its home environment. It is also the centre for the training of health workers and for bio-social research

The World Health Organisation (1994) recommended that hospital functions should meet the needs of target population considering the resources available, and be coordinated with services provided by other health care organisations. It is, therefore, evident that such statement will contain different elements depending on the nation’s stage of socioeconomic development.

Traditionally, hospitals are regarded as a centre for offering 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 (Afzali, 2007). This is so if we consent to the World Health Organisation’s (2000) definition of health as the state of complete physical, mental and social well-being and not merely the absence of disease. Expectedly, the definition of health adopted by providers, government and society has implication for hospital functions across nations.

According to Mckee, et al (2000), 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. Hospitals have become important settings for teaching, research, support for surrounding health care system and source of employment (Mckee, et al, 2000). Furthermore, the hospital fills an important societal role in terms of offering social care, medical power, civic pride, political symbol and state legitimacy.

There is, therefore, the need to reposition hospitals in developing nations and expand the range of their functions. Afzali classified hospital functions into two broad groups: productive and interactive functions: Productive functions refer to how the hospital directly improves patients’ health though curative, preventive and protective services. In this wise, health education programme which are focused at preventing diseases may be subsumed under the productive function of modern hospitals. The interactive function relates to the coordination by which the hospital deals or relates with other part of the health system. This indicates the responsiveness of the hospital to societal health need. Indeed, evidence exist that hospital interactive function can impact on patients’ health outcomes (Baggs, et al, 1992)

The interactive function should be a solace for developing nations. Substantial resources is spent on building new hospitals and,/or developing existing facilities which are required in most developing nations. Consequently, public not- for -profit hospitals have institutional constraints, missions and different functions compared to private hospital (Pauly, 1987). In addition, the wide catchment areas for each hospital demand greater community-oriented services in terms of preventive and health promotion activities. It is even encouraged that hospitals in developing countries reach out to the community offering preventive care as well as curative care (Mackee and Henley, 2000).
In terms of classifications, hospitals are categorised or classified in several ways. It may be categorised in terms of bed capacity (10-bed, or 300-bed hospitals). That is, size or service varieties which relates to the type of services offered, thus, we have speciality, super-speciality or general hospitals. The classifications may also relate to length of stay this relates to time designed to be spent in the hospitals (short stay, home or half stay home) or type of ownership or control (government owned or private hospitals)
2.2.4        Hospital Input    Resources and Output
Hospital input resources, especially, those commonly used in hospital efficiency studies can be subsumed under three broad categories: human, capital and consumables.

Human Inputs: In all production activities, the human elements play a critical role. Often the productivity of all other resources is closely related to the quality and quantity of the human elements. In the same vein, human inputs play a critical role in hospital performance. It has been argued that the performance of hospitals ultimately depend on the knowledge and the motivation of health workers (Mckee and Healy, 2002). Evidently, this proposition is in agreement with both economics and business literatures which regard man as an indispensable factor of production having control over other factors of production.

Consequently, most hospital efficiency studies utilised staff characteristics as input variables, usually, the quantity of personnel stock.  This position is also supported by research evidence. For example, Manhiem, et al, (1992) found association between staff intensity particularly physicians and nurses on one hand and better health outcomes including lowering hospital mortality rate. Admittedly, the roles of some staff in affecting patients’ satisfaction and final outcome differ. Studies account for these variations by segregating human inputs into categories relating their roles in the care process: number of physicians, nurses, administrative staff and others.
In addition, not only does each staff category have disproportionate contribution to treatment, the weight of their decisions varies with respect to health resource usage. Eisenberg (1986) argued that around 80 percent of decisions in health resource utilisation in hospitals are made by the physician. Consequently, studies commonly categorized human inputs into input variables in attempt to measure the level of technical efficiency

Capital Inputs:  In hospital literatures, capital input is taken to represent a wide range of manufactured products such as complex medical equipment, buildings, beds and vehicles employed in health care. By nature capital inputs are durable and provide services over a fairly long period of time. It is, therefore, assumed in hospital literatures that a directly proportional link exists between quantity of capital stocks and capital services (Peacock, et al, 2001). However, number of beds is the most commonly used variable in hospital efficiency studies. The use of this variable as a proxy for capital inputs has been accepted by researchers (Wang, et al, 1999; Harrision, et al, 2004)

Consumables:   Consumables are non-labour and non capital inputs. Drugs and medical supplies are categorised as consumables and they represent an important input in hospital health care delivery process; often consumables constitute a major share of hospital expenditure. However, few studies have employed consumables as input variables in hospital efficiency studies and none, to our knowledge, in hospital efficiency studies in developing nations. The argument according to Nolan, et al (2001) is that in most developing nations, patients,often times, procure consumables.from their private pockets Therefore, using consumables as input variable in hospital efficiency studies, particularly in developing nations, will yield misleading results and faulty recommendations.

2.2.5
Hospital Output
A typical production system utilised input resources in the conversion process to produce a set of outputs that are demanded by consumers. That is, a health facility that produces outputs that are not demanded by consumers is in danger of discontinuation. Hospitals’ being a productive entity utilizes different inputs to produce or provide a range of consumer- satisfying clinical and diagnostic services. Thus, in hospital efficiency studies, hospital output is measured as an array of health services provided. Broadly speaking these outputs can be categorized as either clinical or diagnostic services:

Clinical services comprise those services that are based on direct observation of the patient and/or providing bed-side treatment. Clinical services may be classified into three groups: Inpatient, Outpatient, and emergency services. However, in hospital efficiency studies much effort has been made to categorise inpatient activities. The argument is based on the fact that input mix in terms of both human and physical capital for inpatients differs. For example, the treatment of aged patients, surgical interventions or intensive care warrant a different input mix  both in terms of human input and physical capital.

Consequently, some studies employ  ‘separations’ rather than ‘admissions’ to classify inpatient activities (Ersoy, et al,1997; Ozcan and Luke,1993), number of patient days (Valdmanis,1992; Rollins,et al,2001); patients aged 15 and over 60 (Jacobs,2001), surgical versus non-surgical patients days (Gonzales and Barber,1996) as well as  intensive care versus non-intensive care patient days (Puig-Junoy,1998). Also, the impact of case-mix adjustment on efficiency is well documented in the literatures (Rosko and Chilingerian 1999). However, due to paucity of data in most developing nations and particularly Sub-saharan African countries, most efficiency studies in developing nations do not employ rigorous classification for inpatient activities

Hospitals equally provide services to patients who report to outpatient and emergency departments. In order to account for non-inpatient care, the number of outpatient visits and emergency attendances are widely accepted as clinical service variables. Outpatient services refer to all medical and paramedical services delivered to patients attending outpatient and emergency facilities and are not formally admitted to the hospital. Hospital efficiency studies commonly use outpatient events such as the number of outpatient visits and/or emergency attendances (Ersoy, et al, 1997; Ozcan et al, 1994). Some studies indicated that these outputs are assumed to be homogeneous and consequently does not need to be further aggregated (Magnusen, 1996). And, unlike inpatient services little work has been done to classify outpatient services.

Diagnostic Services:  Diagnostic services include a wide range of activities which are to assist physicians to make diagnosis. Generally, diagnostic procedures are regarded as hospital output resulting from the hospital service provision function. It is argued that combined with clinical events, diagnostic procedure provides a relatively comprehensive picture of hospital service provision function (Wang, et al, 1999). X-rays, ultrasound, laboratory test, among others fall into this service category, and has been used in different hospital efficiency studies (Chilingerian, 1993; Delfice and Bradford, 1997). However, argument exists, though not widely accepted, against the use of diagnostic services. The theme of the argument is where diagnostic services contribute to care process, it should be considered as an intermediate outputs and hence an input to the production of final output rather than being the system final outputs (Fetter, 1991).
In addition to the easily recognized output above, there are some intermediate services which play important role in supporting both clinical and diagnostic services. In a major way their performances influence significantly both clinical and diagnostic services which are considered as hospital main services. These services include laundry, catering, maintenance, and transport which are essential for the running of a hospital.
2.2.6         Nigerian Health Care System
The 1999 constitution of the Federal Republic of Nigeria made health a concurrent legislative item. The three tiers of government are vested with the responsibilities of promoting health and based on the national administrative structure; the nation’s health system is vertically divided into three tiers consisting of primary, secondary and tertiary level. The primary health care (PHC), which was launched in 1988, is largely the responsibility of the local government. These responsibilities of the local governments are, however, with the support of the state ministries of health within the framework of the national health policy.

However, ambiquity in the 1999 constitution with respect to authority of local government in the provision of basic services created state level discretions. This ambiquity has led to disparities across local governments in the extent to which responsibilities for primary health is effectively decentralized. Notwithstanding, it is acknowledged that Nigeria is one of the few countries in the developing world to have significantly decentralized both resources and responsibilities for the delivery of basic health (Khemani, 2004).

The primary care level is regarded as the cornerstone of the Nigerian health system. It is designed to be the first point of contact for most patients, and, is usually the only available health practice setting for most people in the rural areas in Nigeria. In terms of institutional components, the primary care level is made up of public health centres and clinics, dispensaries, private clinics and maternity centres (that is, private medical practitioners provide health care at this level). These private medical practices are essentially sole proprietorships; group practices or partnerships are uncommon and investor-owned hospitals are rare in Nigeria (Ogunbekun, Ogunbekun and Orobaton, 1999). Largely due to the profit nature of private medical practice they are concentrated in the industrial and commercial parts of the country. Consequently, an imbalance exists in the distribution of health facilities between urban and rural areas of Nigeria; and this has been a key problem area in the nation’s health system

At the central/tertiary level, the Federal Ministry of Health (FMoH) governs the health system. The federal government through the health ministry is responsible for health policy formulation, strategic guidance, coordination, supervision, monitoring and evaluation of the health system at all levels. This governmental level also has operational responsibility for disease surveillance, essential drugs supply and vaccine. Also, management of teaching hospitals and federal medical centers are within the purview of the federal responsibilities. 
Tertiary health facilities consist of highly specialized services provided by teaching hospitals and other specialist hospitals which provide care for the specific disease such as orthopaedic, optalmic, psychiatric, maternity and pediatric cases. Tertiary facilities have appropriate support services to normally serve as referral institutions for the secondary level health facilities. 

States, the next tiers of government below the federal/central government, largely operate secondary facilities, that is, general hospitals and comprehensive health centres. Secondary facilities are normally designed to provide services to patients referred from the primary health care through outpatients and in patient services of hospitals for medical, surgical, pediatric patients and community services.
2.2.6.1      Administrative Framework
Health department is headed by a supervisor for health at the local government levels. This position is political and the incumbent supervises the health department. However, a distinct section in the department is designated as PHC, and is headed by a PHC coordinator who has direct oversight of the health centres and clinics at the local government level. In addition, the coordinators monitor the implementations and progress of primary health programmes. However at the state government level, most states have Health Management Boards (HMB’s) responsible for direct service delivery at the health facilities while the ministry focuses on policy formulation. Overall, the administration of the Nigerian health sector is through guidelines by the cabinet made up of members of the national advisory council on health. The structure relates from the cabinet to federal ministry of health, down to the states ministry, then to local government. The local government oversees health issues down to the wards.
2.2.6.2       Financing
Financial resources for health in Nigeria come from a variety of sources largely budgetary allocation from government at all levels (federal, states and local), loans and grants, private sector contribution and out of pocket expenses. Evidences from the distant past indicate that about 60% of health service expenditure in Nigeria occurred outside the public sector on a range of non-profit, traditional and modern practitioner (World Bank, 1994). This appears to be the natural consequences of reduction in government health spending in the late 1980’s due to the Structural Adjustment Programme (SAP) which de-emphasized spending on health and social services (World Health Organisaion, 2000-2007)

The Federal Ministry of Health (2005) acknowledges the annual public sector budgetary allocations to health often do not match approved allocation due to bureaucracies and other barriers. Thus, private sector expenditure on health as a percentage of total health expenditures, has over the years exceeded government health expenditure. The World Health Organizations’ national health account (2006) showed impressive percentage for the private sector as against the public sector. According to the reports, private sector expenditures on health as percentage of total health expenditures equals 74.4 percent (2002); 72.8percent (2003) 69.6 percent (2004) and 67.6 percent (2005);  this trend is indicative that out of pocket expense is still the major means of payment for the health services in Nigeria. Private health insurance is still in developmental stage with only 0.3% of the population covered (Ogunbekun, 2004).
2.3
Theoretical Framework
2.3.1
 Systems Theory       
A system represents an assemblage of interrelated or interdependent elements forming a complex unit. It is an organized or complex whole; an assemblage or combination of things or parts forming a complex or unitary whole (Johnson, Kast and Rosenweig, 1964). System theory seeks to develop an objective and understandable environment for decision making. However, it is important to recognize the integrated nature of aspecific systems, including the fact that each system has both inputs and outputs and can be viewed as self-contained.
Systems may be considered as either ‘close’ or ‘open’.  Open Systems exchange information, energy and materials with the environment as opposed to closed systems, which are self-supporting (Rosenweig, and Kast, 1972; Cole, 1996). According to Rosenweig et al, open systems can be viewed as an input-transformation-output model and; can achieve results with different initial condition in different ways (equi-finality). Consequently, production entities are aptly regarded as open systems where inputs, which are resources, are utilized by the firm or decision making units and are transformed into desirable outputs. This thought is well accepted in operation and production management literatures (Muhlemann and Oackland, 1992; Wild, 1999; Adendorff, Botes, de Wit, van Loggerenberg and Steenkamp, 1999; Banjoko, 2002; Ozigbo, 2002, Davis, Aquilano, Chase, 2003; Imaga, 2003; Schroeder, 2004 and Nahmias, 2005)
Production Systems such as hospitals are man-made systems which have dynamic interplay with the environments: customers, government, competition, among others, and are described as socio technical systems. The socio-technical label, however, refers to the interrelatedness of the social and technical aspect of production facilities (Trist and Bramforth, 1951). The interactions of the social and technical aspects of production facilities provide the condition for successful (un-successful) organization performance such that optimization of either aspect alone increases the quantity of unpredictable and un-designed relations. Therefore, socio-technical theory is about joint optimization (Katz and Kahn, 1966) 
2.3.2
Theory of Production
Microeconomic theory of production provides the framework for our evaluation of local efficiency of health care facilities. The theory of production considers a firm as a production system where inputs defined as the resources utilized in the production process are transformed or converted into desirable outputs. Therefore, production may be described as the process that transforms inputs, that is, factors of production, into output (Frank, 1997). In other words, production is a process that transforms a commodity into a different useable commodity or a commodity of higher value in utility or exchange. According to Banjoko (2002), production is primarily concerned with the transformation or conversion of inputs into finished goods and services. However, in broad economics and operations management sense, production process may take a variety of forms: manufacturing, services, transportation and supply (Dwivedi, 1980; Ray, 1999). The life wires of a country’s economy are the production activities that create present and future value in utility and/or exchnage.

In production theory, resources inputs and outputs are flows (Pindyck and Rubbinfield, 2005). This derives from the fact that a certain amount of inputs are used overtime to generate varying outputs quantities. Inputs are goods or services that go into the process of production while output represents the goods or services that come out of the process. Production theory deals with input-output relationship which could be expressed in money or physical quantity terms. The technical and technological relations between inputs and between output and inputs, for example capital-labour ratios, capital-output ratios and labour-output ratios are of interest in production theory.

The technical relationship which exists between inputs combined and the output generated from such inputs is often termed production function or frontiers (Coelli, et al, 2005). The function or frontiers present the quantitative relationships between inputs and outputs. Besides, the production represents the technology of a firm, of an industry or of the economy as a whole in relevant case. And, because production function allows inputs to be combined in varying proportion, output can be produced in many ways

Furthermore, production function may take the form of a schedule of table, graphed line or curve, an algebraic equation or a variey of mathematical modelling. In algebraic or mathematical format, for example, the relationship between capital input (K) combined with labour input(L) to produce output Q can be expressed as  Q= f(K, L). This mathematical format describes the technological possibilities of the firm in reference. Associated with this mathematical format, however, are several assumptions germane to economic analysis. Principal amongst these assumptions include, for example, Chambers (1988): non-negativity, weak essentiality, monotonicity and concave properties.
The non-negativity property defines the production function f(x) as finite, non-negative and real number while weak essentiality posits that the production of positive output is impossible without the use of at least one input (Coelli, et al, 2005). The monotonicity assumption captures the essence that additional units of an input will not decrease output, that is, if XO ≥ X1  then  f(XO) ≥  f(X1). In the same vein, any linear combination of the vectors XO and X1  will produce an output that is no less than the same linear combination of f(XO) and f(X1). That is, f(ФXO + (1- Ф )X1)  ≥    Ф f(XO) +(1-Ф)f(X1); 0   ≤  Ф    ≤    1
2.3.3     Production Efficiency in Organisation

Modern efficiency measurement started with Farrell (1957) who drew upon the works of Debreu (1951) and Koopmans (1951) to define a simple measure of firm efficiency which could account for multiple inputs. The term “efficiency” is widely employed in economics and refers to the best use of resources in production (Shone, 1981). Simply, it is defined as the ratio between inputs used and output produced. According to Garcia, Marcuello, Serrano and Urbina (1999) efficiency is the relationship between achieved objectives (output) and resources consumed to attain those objectives.

Similarly, the Australia Steering Committee for the Review of Commonwealth/State Service Provision (1997) defines efficiency as the “degree to which the observed use of resources to produce outputs of a given quality matches the optimal use of resources to produce outputs of a given quality”. Therefore, central to the definition and measurement of efficiency is the relation of outputs to the inputs that produced them. Farrell proposed that a firm’s efficiency is of two parts: technical efficiency and allocative efficiency. In microeconomic terms, a technically efficient production process is one that lies along the production possibilities frontier or the isoquant. An isoquant curve is the locus of points representing the various contributions of two inputs, for example, capital and labour, yielding the same output level (Dwivedi, 1980; Pindyck and Rubbinfield, 2005). Put differently, the isoquant curve   identifies all of input combinations that when used as efficiently as possible can produce a given level of output (Waldman, 2004). 
Returns to scale explains the behaviour of total output in response to changes in the scale of the firm. More precisely, the laws of returns to scale explain how simultaneous and proportionate increase in all inputs affects the total output at various levels. It is the effect of scale increases of inputs on quantity produced (Samuelson and Nordhaus, 2005). In the opinion of Katz and Rosen (1998), the rate at which the amount of output increases as the firm increases all its inputs proportionately represents the degree of returns to scale.
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Figure 2.2: Isoquant
When a decision making unit (DMU) increases all its inputs proportionately, the following possible scenarios may result: a constant returns to scale situation or non-constant (or variable) returns to scale situation may result. In constant returns to scale (CRS) scenario, an increase in all the input by some proportion results in an increase in the output by the same proportion. The non-constant or variable returns to scale results in a non- proportionate change (increase or decrease) in outputs.  An increasing returns to scale (IRS) results if proportionate change in inputs lead to a more than proportionate change in output. The converse also could be true in which case proportionate change in inputs results in a less than proportionate change in output that is, decreasing returns to scale (DRS). Katz and Rosen (1998) posit that some economists argued that there should be no such thing as decreasing returns to scale. However, evidences suggest to the contrary. Indeed, Berndt, Friedlander and Chiang (1990) evidences suggest that some technologies exhibit decreasing returns to scale. The three types of returns to scale can be depicted in the high-level view as shown in Figure 2.3
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2.3.3.1       Input- Oriented Measures of Technical Efficiency
An input-oriented technical efficiency measure addresses the question: by how much can input quantities be proportionally reduced without changing the output quantities produced? As an illustrated in Figure 2.4, a production process employs two inputs X1 and X2 and produces the output Y. QQ1, the isoquants, represents the efficient production frontier. Firm P in the graph utilised X1 and X2  units respectively  of input X to produce quantity q( on the frontier) . For P to be efficient it must reduce input consumption to XI1 and X21 and produce the same quantity q of the output Y. Where the input are reduced proportionally holding the output constant, the technical efficiency (Te) of firm P is given as OP1/OP. This indicates that the input consumption could be reduced by a proportion equal to OP1/OP. This will demand reducing X1 down to X11 and X2 toX21.
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In addition to technical efficiency, input costs can also be considered in effort to determine overall performance of the firm under investigation. Line BB1 is the isocost line depicting the various combinations of the two inputs that have the same total cost. In Figure 2.4 the isocost line BB1 is tangential to the isoquant QQ1 at point A, where the firm would have the best technical and allocative efficiency. Allocative efficiency reflects the ability of a firm to use inputs in optimal proportion given their respective input prices. It refers to whether inputs, for a given level of output and set of input prices are chosen to minimise the  cost of production, assuming that the organisation being examined is already fully technically efficient (Steering Committee for the Review of Commonwealth/State Services Provision,1997).

However, a technically efficient firm could be allocatively inefficient if inputs are not being employed in proportion that minimise costs of production, given relative input prices (Coelli, 1996). In Figure  2.4  for example, firm P1 which is also the projection of firm P on to the isoquant QQ1  is as technically efficient as firm A but not allocatively efficient  as A. Explanation is found in the fact that the cost of production at P1 is B1 and cost C1 is higher than cost C.

Allocative efficiency of firms P and P1 is the ratio OP1/OP. By definitions Farrell (1957), the total economic efficiency of the firm P is the ratio OP11/OP and is defined as follows:

OP11/OP =   OP11/OP1 * OP1/OP

Therefore, total economic efficiency (TEE) = (Allocative efficiency) (Technical efficiency). All these measures of efficiency have an upper limit of One (1) and a lower limit of Zero (0)

However, the assumption of known production function is predominant in the illustrations above but in practise this is not always the case. The production function is either too complicated to be represented or may not be known at all. Farrel (1957) suggested for such cases, the use of non parametric piecewise linear convex isoquant such that no firm lies to the left or to the bottom of the isoquant. Such functions envelops all the data points as in Fig 2.2
2.3.3.2       Output- Oriented Measure of Technical Efficiency
As against input-oriented measure, an alternate question is: by how much can output quantities be proportionally expanded without altering the input quantities used? This is an output oriented measure of efficiency. This efficiency measurement looks at the extent to which output produced can be increased without an increase in input consumption. In Figure 2.5 it is assumed that from a single input X two outputs Y1 and Y2 can be produced. AA1 is the isoquant indicating that constant quantity of input used to produce varying proportion of Y1 and Y2. The isoquant depicts the best production possibilities and all firms’ lies to the left and bottom of AA1. In Figure 2.5, A is one of such firms and point R is the projection of firm A on to the best production frontier, that is, AA1. Distance AR determines the amount of technical efficiency. Therefore, output-oriented technical measure is given as OA/OR.  Given the isorevenue SS1 the allocative efficiency becomes OR/OQ. Then the overall efficiency would be the product of the two efficiencies:

OA/OR * OR/OQ = OA/OQ
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Figure 2.5: Output-Orientation

Source: Coelli, (1996)
2.3.4          Performance Measurement Elements
Social pressures that demand greater accountability from public organisations have awakened interest in performance evaluations of public owned facilities. Consequently measurement and demonstration of results have become a question of survivability for many of the non- profit organisations (see, Kaplan, 2001; Light, 2000; Maurrase, 2002; Medina-Borja and Triantis, 2001) Stakeholders are interested in knowing the positive visible and consequential impact of public facilities on their communities.

There is agreement in management and evaluations literatures that performance is a multidimensional construct (Kaplan, 2001; Kaplan and Norton, 1992). And, effectiveness, efficiency and productivity, among others are prominent performance dimensions. However, Sherman (1988) explained that for a manager, these terms are quite close. Indeed, efficiency, according to him can be viewed as part of effectiveness.

Effectiveness measures the extent to which an organisation obtains its goals and objectives and fulfils its mission statement (Epstein, 1992; Kirchhoff, 1997; Schalock, 1995). An organisation is effective to the extent that it accomplishes what it was designed to accomplish. Effectiveness dimension, therefore, is defined in the light of organisational goals and objectives (Cooper, Seiford and Tone, 2000; Chalos and Cherian, 1995). It has an external focus integrating judgements of relevant stakeholders (Epstein, 1992) and is measured according to the level of social welfare or social capital it generates (Sola and Prior, 2001).

According to Kaplan, several authors reported difficulties in defining exact metrics for organisational effectiveness (Goodman and Penning, 1977; Cameron and Whetten, 1983). These difficulties are exerbated in health care studies because of difficulties in measurement of health outcome and the fact that other variables outside the health facilities significantly affect health outcomes. For example, health outcome may be affected by good living environment and provision of social facilities.

Productivity dimension of performance construct is defined as the ratio of the units of output to its inputs (Cooper, et al, 2000). Productivity is a function of production technology, the efficiency of the production process and the production environment. Two different approaches for improving productivity are discussed in Kao (1995): efficiency approach improves productivity through internal cooperation without expenditure of extra inputs while the effectiveness approach requires increase in the level of technology and management but these typically demand additional capital investments.

Data Envelopment Analysis, however, does not measure productivity rather it measures efficiency of the production process. Productive efficiency or simply efficiency is a measure of the organisations’ ability to produce outputs from a given set of inputs. According to Cooper, et.al efficiency of a decision making unit is always relative to other units in the set being analysed. A decision making unit’s efficiency is related to its radial distance from the efficiency frontier- a ratio of the distance from the origin to the inefficient unit over the distance from the origin of the composite unit.
2.3.5          Theory of Data Envelopment Analysis (DEA)

Data envelopment analysis (DEA) was developed in operations research and management science for measuring efficiency of decision making units (DMU) in the public and private sectors. It is a tool for estimating multi-product technology functions and to assess the managerial performance of selected decision making units that utilizes multiple resources in turning out multiple products (Charnes, Cooper and Rhodes, 1978). Data envelopment analysis is an alternative non-parametric technique for efficiency measurement which uses mathematical programming rather than regression (Ray, 2004). It constructs a piece-wise linear production frontier based on observed best practice. It is based on the radial measure of efficiency developed by Farrel (1957) which corresponds to the coefficient of resource utilization defined by Debreu (1951).
Therefore, in extending the ideas of Farrel (1957) based on the works of Debreu (1951) and updated in terms of economic efficiency and productivity by Fare, Grosskopf and Lovell (1994), operations research discipline developed Data Envelopment Analysis to estimate production frontiers and efficiency measurement using linear programming techniques. Charnes, et al, (1978) who coined the term Data Envelopment Analysis proposed a model that assume constant return to scale (CRS). Daraio and Simar (2007), posit that the linear programming approach has been accepted as a computational method for measuring efficiency, particularly since the work of Dorfman, Samuelson and Solow, (1958).

Data envelopment analysis (DEA) establishes a best practice group and quantifies the amount of potential improvement possible for each inefficient unit, that is, DEA indicates the level of resources savings and/or services improvements possible for each inefficient units: DEA circumvents the problems of specifying an explicit form of the production function (Sowlati, 2001, Ray 2004). Instead, a best practice function is built empirically from observed inputs and outputs (Norman and Stocker, 1991).
2.3.5.1    Structure of Data Envelopment Analysis Models
In the tradition of linear programming format, data envelopment analysis consists of objective function to be minimized or maximized subject to a set of constraints and the non-negativity condition. In the dual form, the model is of the form below: 

Objective function Minimize 
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The Scale Constraint is adjusted according to the assumption required for the study. A variable retuns to scale frontier (Banker, et al, 1984; the BCC Model) is obtained by substituting the Scale Constraint of the linear programme 
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Furthermore, the summation format of dual form can be transformed into a matrix notation. In our case, (suppose we are interested in investigating the performance of nine hospitals using four identical inputs for example beds, doctors, equipment and infrastructure level to produce three outputs e.g. outpatients) if y is defined output and x inputs,Y53 will describe output of say a fifth hospital using X54 inputs. The efficiency score of the ninth hospital in relation to the remaining eight hospitals is written as:
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2.3.5.2      Data Envelopment Analysis (DEA) Models
Production entities organize their production process differently and value their inputs and outputs differently. This gives rise to differing weights. However, Charnes et al, 1978 arrived at a mathematical programming approach that took cared of this shortcoming. The approach permits DEA models to determine the weights and computes efficiency score.
2.3.5.3   Charnes, Cooper and Rhodes DEA Model (CCR Model)
The model developed by Charnes, Cooper and Rhodes (1978) is a fractional programming model used to determine the efficiency scores of each DMUs firms in a data set of weights for each firm/DMU when the problem is solved for each decision making units (DMU) under reference.  According to Charnes et al, 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, it is of the form:

Max ho = 

Subject to:






r=1, …, s






i=1, …, m

Where
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are variables weights to be determined by the solution to the model also referred to as multipliers
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 are the number of firms or DMU.

Charnes et al model above is the output maximizing fractional programme and is somewhat difficult to solve. However, it can be reformulated into straight forward linear programming problem by constraining the numerator and denominator to be equal to 1. Consequently, the problem becomes either maximizing weighted input with weighted output equal to one.

The fractional programme can then be converted to an output maximizing linear programme for constant returns to scale (CRS) as

Max ho = 
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This fractional programme is equivalent to the linear programme and they have the same optimal objective value ho. When a DMUo has ho <1, then it is CCR- inefficient. Therefore, there must be at least one constraint for which the optimal weights (Vi, Ur) produces equality between left and right hand sides, otherwise h0 could be enlarged. Put differently, there must be at least one CCR- efficient DMU. These efficient DMU is called the reference set or peer group or DMUo. The dual of the above linear programme called envelopment form, is expressed as follow:

Min 
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 (j = 1, …, n) are the dual variables of the linear programme model. The scalar represents the variable reduction which should be applied to all inputs of the DMUo, that is, the decision making unit under evaluation, in order to make them efficient. The reduction, which is applied to all inputs simultaneously, causes a radial movement towards the envelopment surface; the efficiency is called “radial efficiency”.
However, to transform the dual problem into the linear programming standard form, slack variables 
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will be added to the model. The slack variables in the model permit the conversion of the inequality constraints to equality. The standard form of the linear programme becomes (Cooper, Seiford and Tone, 2007):
Min 
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If for a DMU, 
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 is 1.0 but the slack variables are not zero, then improvement in the efficiency of such DMU is possible by reducing (increasing) specific inputs (outputs). This ambiguity, however, is removed by amending the objective function to maximize the slack variables in a manner which does not impair the minimization of the two-stage model:
Min 
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A decision making unit (DMUo) is efficient if and only if 
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 and all slacks are zero.     
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 and non zero slacks indicate the sources and amount of inefficiencies.

2.3.5.4     CCR Output Oriented Model
Models discussed in section 2.3.5.3 above are referred to as Charnes, Cooper and Rhodes input- oriented model. The output oriented model which seeks to maximize outputs while not exceeding observed input levels is presented in its primal (multipliers) mathematical form as:

Min 
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and the associated dual is formulated as:

Max 
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In the dual, maximum output augmentation is accomplished through the variable
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and/ or slacks are non-zero, then the unit is considered inefficient. Efficiency improvement requires a proportional increase in all outputs, also additional improvement to the envelopment surface may be necessary based on positive slack variables.

2.3.5.5    BANKER, CHARNES AND COOPER DEA Model (BCC Model)

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 (Ray, 2004). Banker, Charnes and Cooper (1984) modified the original DEA model for technologies exhibiting variable returns to scale at different points on the production frontier. Banker et al Model added a constraint to account for the variable returns to scale. 
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 is added as additional constraints to the CCR model. Zhu (2009) summed up the input-oriented model as:
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 represents the input-oriented efficiency score for a DMUo. If 
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 the current input level cannot be reduced proportionally indicating that the DMUo is on the frontier, otherwise, if 
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 then DMUo is dominated by the frontier. 

2.3.6 Firms Peer and Input, Output Slacks in Data Envelopment Analysis
Data Envelopment Analysis is based on the assumption of convexity, that is, for any two feasible points their convex combination is equally feasible. Peers are the firms that are on the frontier or the best performing practice frontier. These firms are used as the reference of comparison for inefficiently performing firms. In Figure 2.6, firm A, B, G lies to northeast of the frontier and are inefficient. If firm A is projected to the frontier and falls on point D which is an actual firm, firm D, then is the peer of firm A with respect to efficiency measurement. However, B1 is the projection of firm B on to the frontier and fall between firm D and E on the frontier making both firms D and E the peers to firm B.

Source: Pasupathy, K. S. (2002) Modelling Undesirable Outputs in DEA various Approaches
In Figure 2.6 firm E and F on the frontiers are both efficient. However, while both firms use the same unit of input X2 firm F produces the same quantity as E but uses more of input X1 for every unit of Y produced. The amount of input X1 given the distance E, F is the excess of input X1 used by firm F and is the slacks or redundancy associated with firm F. A similar argument subsists for output where the slacks with respect to output would be termed as a shortfall in production.
2.4
Empirical Framework

2.4.1
 Efficiency Measurement in Healthcare
Efficiency measurement techniques have been applied on a number of studies in healthcare services, specifically to different kinds of healthcare institutions. It has been widely applied in hospitals (Banker, Conrad and Strauss, 1986, Fare, Grosskopf, Lindgren and Roos, 1993) nursing homes (Hofler and Rungeling, 1994, Chattopadhyay and Ray, 1996) a well as substance abuse treatment units (Alexander, wheeler, Nahra and Lemack, 1998). In addition research efforts have equally applied frontier efficiency to measuring efficiency of physician practices (Chillingerian, 1993; Defelice and Bradford, 1997).

 However, most of these studies have been concerned with efficiency of care in North American institutions and other developed economies. There have been applications in Spain (Wag Staff, 1989), Scandinavia (Luoma, Jarvio, Suoniemi and Hjerppe, 1996; Mobley and Magnussen, 1998), and in Taiwan (Lo, Shih and Chan, 1996), as well as in the United Kingdom (Thanassoulis, Boussofiane and Dyson, 1996; Parkin and Hollingsworth, 1997). 
 This however, does not conclude that the developing economies have not witnessed efficiency studies in the health care system. Indeed, such studies exist but not in the volume and intensity with which we have them in the developed nations.

This observation appears particularly disappointing given the fact that health care resources, moreso financial resources, are scarce commodities in the developing countries. There have been efficiency studies in India where Bhat, Verma and Reuben (2001) examined the efficiency of district hospitals and grant-in-aid hospital in a state in India.
Of the myriad of studies on efficiency in health care delivery, Banker, Conrad and Strauss (1986) study is significant. This is because it does not only compare alternative techniques for efficiency measurement but also sets an important precedent for the specification of health care inputs and outputs. Subsequent studies seem to have derived much impetus from this study. For example, Byrnes and Valdmanis (1993), Kooreman (1994) and Parkin  and Hollingsworth (1997) conceptualized  health care institutions as assembling inputs of labour (number of staff) and capital (represented by bed capacity) with the objective of producing some observable outputs; for example, discharges or in patient days. Unobserved outputs and improved health status, for example, are quite difficult to measure and this has been a problem for efficiency analysis of health care institutions. 


With the knowledge of this data problem, Chillingerian (1993) argued that defining health output by patient days, or discharges, or even cases, is acceptable so long as adjustment is made for the mix, or complexity of cases and for intra-diagonistic severity of cases. 

Consequently, in his study Chillingerian incorporated these concepts by classifying discharges on the basis of either a satisfactory, that is, improved health status or unsatisfactory outcome indicated by the presence of mortality. The need to ensure a rather homogeneous outcome usually demands some form of aggregation as in Banker, et al (1986) study.

Furthermore, several inputs and capital are oftentimes, typically not measured. For instance, Fizel and Nunnikhoven (1992) and Kooreman (1994) measured efficiency of Michigan and Dutch nursing homes on the basis of labour inputs only. Kooreman justified such approach from the point of view that management has control over labor input but the use of capital input is beyond management ability to determine. Capital commonly has been proxied by number of hospital beds (Brynes and Valmans, 1993; Hofler and Rungeling, 1994), net plant assets (Valdmanis, 1992), depreciation and interest expenses per bed (Hadley and Lezzoni; 1994).

2.4.2     Data Envelopment Analysis in Health Care 

A number of studies exist on efficiency in the production of primary health care, however, they are  largely beyond the shore of Africa; most of these studies have employed Data Envelopment Analysis as the main analytical tools (Hollingsworth, Dawson and Maniadakis, 1999).  Huang and McLaughlin (1989) opined that Data Envelopment Analysis (DEA) can contribute to the evaluation of rural primary healthcare programmes. Chilingerian and Sherman (1996, 1997) have explored the use of DEA to identify “best practice” primary care physicians and the potential savings if inefficient physicians were to adopt “best practice” patterns.

In the same vein, Ozcan (1998) employed DEA to investigate physicians’ efficiency, at the primary care level, in the treatment of Otitis media. He attempted analyzing geographic variations in practice patterns and the impact of inefficient practice patterns on treatment costs. The strength of DEA over the traditional ratio analysis was extolled in Thanssalis, Boussofiane and Dyson (1995, 1996) study of prenatal care in United Kingdom. The seeming strength of DEA over other methods have somewhat provoked its applications in health care literature.

Furthermore, Salinas- Jimenez and Smith (1996) used DEA to compare efficiency across Family Health Services Authorities, the administrative unit for primary health care in England. A number of studies have been conducted to determine the effect of financing on efficiency, Gruca and Nath (2001) and Steinmann and Zweifel (2003) being two of such studies. Though Garcia et al. (1999) used DEA to investigate primary health care centres; the efficiency estimates obtained were heavily influenced by small changes in the output specifications.

Zavras, Tsakos, Economon, Kyriopoulos (2002) utilized DEA to compute the relative efficiency of primary health care centres in Greece. Evidence from their reports indicated that health centres with infrastructure to perform laboratory and/or slightly advanced services as radiographic examinations showed higher efficiency scores; however, the health centres with population coverage of 10,000 to 50,000 persons were found in the study to be the most efficient. Linna, Nordbald and Koivu (2003) combined Tobit model with DEA to measure the productive efficiency of finnish municipalities’ public dental health provision. 
It is such that DEA has found wide applications in the primary health care literature in the advanced economies where there have been a great concern about rising health care costs and its acceptability seems to be growing by the day. Kontodimopoulous, Nans and Niakas (2006) investigated a set of hospital-health centres (HHCs) using DEA. Functionally, these health facilities provide both primary and secondary care. In their study they found that location seemed to affect the efficiency of those hospital health centres. Accordingly, facilities located in remote areas were found to be more inefficient. Most studies of efficiency in health care organizations using DEA have applied a two stage approach. First, efficiency is estimated using DEA. Second, the efficiency estimates are then used as a dependent variable in a regression equation to identify environmental variables which affect efficiency (Chillingerian, 1995, Grootendorst, 1997 Kirjavainen et al 1998, Hamilton 1999, and Worthington, 2001) 
2.4.3       Data Envelopment Analysis and Health Care Efficiency Studies in African Countries
Evidences from the literature search indicate that there have been limited studies in the area of measuring efficiency in health care delivery in the developing nations of Africa. This is somewhat not encouraging given the scarcity of health resources in the continent and the fact that inefficient utilisation of these scarce resources exacts higher penalty in terms of forgone health benefits.  Plausible explanations for this glaring neglect of research into efficient mode of care delivery in the continent may be found, partly, in the lack of appropriate data for such studies and poor appreciation of statistical data by managers of the health system of most African countries.

The few existing studies in hospital efficiency in Africa principally used data envelopment analysis as their major analytical tool. The appropriateness of data envelopment analysis for these studies hinged on its capacity to handle multiple inputs and outputs, non-specification of functional production form relating inputs to outputs and ability to produce accurate result with small samples are some of the reasons that endeared data envelopment analysis (DEA) to health care researchers in Africa. Indeed, Norman and Stoker (1991) have indicated that in many cases particularly public sector organizations there are no known functional form. Since most of these studies were largely focused on public health facilitie,s the preference for DEA is somewhat justified.
However, Wrouters (1990) employed econometric approach to study the costs and efficiency of a sample of 42 private and public health facilities in Ogun State. The sample for the study included a heterogeneous range of facilities which comprised of comprehensive health centers, primary health care clinics, maternities, health clinics, and dispensaries. Wrouters analyzed costs and efficiency, estimating a production and cost function, and deriving associated measures of efficiency. Technical efficiency was assessed by estimating a production function and deriving measures of marginal product of health workers.
So far, data envelopment analysis approach has been applied to health facilities in only few countries in Africa. The concentrations of the studies are more in the southern African region than elsewhere in the continent. Kirigia, et al (2001) studied 155 primary health care clinics in Kwazulu-Natal province in South Africa. The study found 70 percent of the clinics studied to be technically inefficient. Similarly, in 2002 Kirigia assessed the technical efficiency of 54 public hospitals using DEA methodology in Kenya and found that 26 percent of the hospitals were technically inefficient. The study singled out inefficient hospitals and provided the magnitudes of specific inputs reduction or output needed to attain technical efficiency. 
Zere (2000) investigated hospital efficiency in South Africa using DEA and DEA based malmquist productivity index. In 2006, Zere leading other health researchers assessed the technical efficiency of 30 district hospitals in Namibia using DEA.  Recurrent expenditures, beds and nursing staff were used as inputs in the DEA model while outpatients visit and inpatient days were used as the model’s output. Findings from the study suggested the presence of substantial degree of pure technical and scale efficiency with increasing returns to scale being the predominant form of inefficiency observed.

Another study in Angola assessed technical efficiency and changes in productivity in the nation’s public municipal hospitals. The study based on a three-year panel data from 28 public municipal hospitals found an increase in productivity by 4.5 percent over the period 2000-2002. The increased productivity was attributable to efficiency rather than innovation (Kirigia, 2008). Indeed, in a resource poor countries where deployment of additional resources to any sector of the economy, in the face of competition from other sectors, could be problematic, increased efficiency should be a natural response to raising outputs.

Further in the Southern African axis, Masiye, et al (2006) used data envelopment analysis to estimate the degree of technical, allocative and cost efficiency in private and public health centres in Zambia. The authors’ interest was to research the efficient management of human resources in the health centres in Zambia. And, of the few studies in Africa, this work appeared to be the only one that included private-owned facilities in the sample studied. The study found private facilities to be more efficient than the public facilities. Indeed, about 88 percent of these facilities were found to be both cost and allocatively efficient; 83 percent of the 40 health centres in the study were technically efficient.

In addition, Masiye (2007) investigated the Zambian health system performance using the DEA methodology. Data gathered from 30 hospitals on institutional expended resources and output profiles indicated that Zambia hospitals were operating at 67 percent level of efficiency: which implied that significant resources were being wasted in the Zambian health system. Forty percent of the hospitals investigated were found to be efficient. However, input congestion and size of the health facilities were found to be a major source of the inefficiency observed in the health system. It seems worrisome that size could be a problem or a major cause of resource wastage in any health system in Africa when viewed against the need to expand health service provision to a significant proportion of the population. Size, however, may remain a problem if political considerations are given priority above the overall interest of the nation with regards to locating health facilities in places that the best health interest of the populace could be best served.

Research evidence exists of hospital efficiency study in Botswana.  Thekke, et al (2003) presented relative efficiency indices for the services rendered by health districts and specific hospitals in Botswana. The study which covered 22 health districts and gathered data on 13 hospitals combined stochastic frontiers analysis and data envelopment analysis in analysing 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 was considered superior. Result of the analysis indicated that three districts have efficiency score of less than one, that is, inefficient.  Trends in these reviewed studies are that most of the studies were conducted by researchers outside the academics and/or are based outside the shore of Africa with few members of the research team being African based.

It could be said that there have been studies, though scanty, on efficiency in health care delivery in the southern part of Africa. However, interests in health care efficiency and studies in this direction haves been quite limited elsewhere in Africa. Ghana and Sierra Leone furnished a ready example of countries outside the southern African sub-region that have cases of studies on health care efficiency. Kwakey (2004) effort in Ghana is more of a pioneering study on health or hospital efficiency in the West African sub-region. He employed DEA to measure the relative efficiency of 20 selected hospitals in Ghana in 2004 which suggests that the history of DEA application in West Africa is relatively recent. His study was followed by Osei,et al (2005) which was a pilot study  based on  data from  public health centres and 17 public hospitals in Ghana. The study indicated that 47 percent of the hospitals were technically inefficient and ten (10) or 59 percent of these were scale inefficient.

Furthermore, of the 17 health centres studied, 18 percent were found to be technically inefficient with 8 health centres been scale inefficient. The sample size of the health facilities on both sides of hospital and health centres was deemed too small to permit generalisation of the result from the study for the whole country. Another study was conducted based on a larger sample size. Akazili, et al (2008) using DEA focussed on the efficiency of public health centres in Ghana with the objective of determining the degree of efficiency of these centre and recommending performance targets for the inefficient ones. The study based on  a sample size of 89 health centres showed that as much as 65 percent of these facilities were technically inefficient, that is , using resources that they did not actually need.

Similarly, another study in Sierra Leone equally applied data envelopment analysis to measure both the technical and scale efficiency of a sample of public peripheral units in Sierra Leone (Renner, et al, 2005). In the tradition of revealing poor resource usage in most health systems of African countries, the study revealed that 59 percent of the 37 peripheral health units were 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. It sounds credible that we should be questioning the issue of scarcity of health resource in our care system. These studies in Ghana and Sierra Leone appeared, to the best of our knowledge, to be the few cases of health care efficiency studies outside the South Africa sub-region.

2.4.4      Hospital Inputs and Outputs Selection in Health Care Efficiency Studies in Africa
In the choice of both output and input variables, almost all the efficiency studies in Africa have used quantitative data such as number of outpatients, inpatients, among others. In addition, little or no attention seems to have been given to quality variables or those variable that fully capture the range of hospital functions such as health promotion activities, preventive and protective care; and  hospitals roles in responding to society needs. Generally there was not, in any of these studies, much attention devoted to reflecting procedural complexity.

However, Osei, et al study, investigating the technical efficiency of public districts hospital in Ghana, reflected a more comprehensive view of hospital functions. The output variables employed in the study distinctively captured preventive care variables as hospital output. The study employed ante natal care, family planning, immunisation, 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. The authors’ view of hospital output was adhered to in subsequent studies in Ghana by Akazili, et al (2008).

Some other studies adopted a narrower view of hospital output. For example, Kwakey and Zere’s studies proxied output variables using only outpatient visits and inpatient days; and recurrent hospital expenditure, number of beds and staff as inputs. Kirigia et.al study in Kenya included a more detailed classification of hospital output into dental care services, paediatric and maternity admissions. In addition to human resource variables, cost of drugs and consumables were employed as input variables. The mission of facilities under review and data availability seems to influence inputs and output choice. For example, Masiye, et al (2006) study on health centres in Zambia used only the number of outpatient visits as output and number of clinical officers, nurses and support staff as input. The authors argument, in addition to data availability, was that health centres provide only three key services and that cases which required inpatient care are referred to the hospitals. Non-labour expenditures and number of staff were the major inputs utilised in Masiye (2007) on hospital facilities in Zambia while laboratory tests and surgical admission were included as outputs. Each of these studies on hospital efficiency in Africa was influenced by previous studies and data availability in the choice of both input and output variables

2.4.5    The Effect of Operating Environment on Hospitals and Health Centres 
Performance
Health facilities are conceived as production entities. And research efforts have emphasized the impact of operating environment on public and non- profit production above other types of private production systems (Blank and Valdmanis, 2001; Fried, et al, 1999; Ruggiero, 1996). Indeed, the recognition that production is affected by the environment is not new.

Bradford, Malt and Oates (1969) modeled production in the public sector as a two stage process in which the first stage inputs are used to produce intermediate output and the final outcomes are determined by the level of these intermediate outputs and by non-discretionary environmental variables. Empirical studies of public sector production asserts this theory, that is, variables in the environment not under management control have substantial impact on the outcomes that are provided (Ruggiero,1996). In fact, we could safely assume that environmental and exogeneous factors affect both intermediate outputs and final outcomes in health service production.

Some of these environmental factors are under the control of individual hospitals while others are not. Market structure, regulations and political issues are regarded as external/contextual factors that cannot be easily changed by an individual hospital. There are, however, some factors considered as internal which could be influenced by an individual hospital and do significantly affect hospital performance, examples of which include ownership, management, hospital size, technology and mission. 

Market structure variable indicates the number of competitors in the local market. Naturally, the larger the number of competitors in the local market, the more the range of options available to individuals thereby affecting the patronage of a specific individual hospital. In a country like Nigeria where political considerations could be a major factor in health facility location, it is expected that political issues will impinge on hospital performance. Indeed, Aminloo (1997) argued that there is an inappropriate geographical distribution of hospital beds in Iran which has led to patients overload in some areas and un-utilised beds in others. Part of the problem is, according to him, political and the consequent result is inefficient use of scarce health care resources.

Regulation also influences hospital performance. Uslu and Linh (2008) attributed difference in hospital efficiency in Vietnam to both regulatory changes and hospital specific characteristics. Users’ fees and autonomy measures were found to increase the technical efficiency of provincial hospitals while hospitals in certain geographical area in Vietnam were found to perform better than others.  Another study in Vietnam, however, found locations as having no effect on either the overall technical efficiency or scale efficiency of the facilities studied but efficiency was found to differ according to facility type. Hospitals were found to be more scale efficient than medical centres.

Button, et al (1992) suggested that organisation’s mission, profit orientation and regulatory pressures could be a major source of cost inefficiency. Kontodimopolous et al,(2007) investigating the effect of environmental factors on the technical and scale efficiency of primary health providers in Greece found that facility type, size and location were significant explanatory variables for the  degree of technical and scale efficiency of these providers. Other researchers have found GDP per head, educational level and health behaviours (such as, obesity and smoking) strongly related to inefficiency (Afonso and Auby, 2006).

In examining the contributory role of hospital size, ownership, pay-mix and membership of multi-hospital system on efficiency, Ozcan and Luke (1993) found ownership and percentage medicare to be significantly related to hospital efficiency. And, within ownership, the government hospitals tend to be more efficient and profit-oriented hospitals less efficient than others. In addition, Coulan, et al (1991) emphasised the role of payment system in creating incentives for reducing inefficiency. Other studies focussed on the role of demand pattern indicating that they can be considered as another environmental pressure on hospital efficiency

Yong, et al (1999) found hospital size and the number of medical staff per weighted inlier equivalent separations positively related to hospital inefficiency while occupancy rate was found to be inversely related to hospital inefficiency. Most of the studies that investigated the impact of the environment on efficiency are largely outside the shore of Africa. And, a major demand of their methodological approach is the burden on the researcher to identify explanatory variables that appear to be the most important factors affecting efficiency. This approach limits the number of factors that researchers could consider in a single study. To rectify this, some studies used qualitative approach to unearth the relevant factors. For example, Owino, et al (1997) used questionnaire to explore factors leading to inefficiency in Kenyan hospitals. Afzali (2007) adopted the same approach for Iranian Hospital study. The same methods was adopted by Akazili, et al (2008) to collect information on factors that were likely to influence efficiency and productivity in Ghanaian health  centres. The strength of the questionnaire approach lies in the ability to reflect both qualitative and quantitative information that might weigh on health facilities efficiency.
2.5    Discussions and Gaps in Literature
An avalanche of studies exists in developed countries on hospitals and/or health care efficiency but there have been a paucity of such studies in the measurement of hospital efficiency in the African context. Indeed, the few existing attempts appeared more concentrated in the southern part of the continent with few on the west coast. The only known study in Nigeria used econometric approach and the samples were heterogeneous making comparison difficult.  In the northern and north eastern sphere of the continent, hospital and health care efficiency studies have received very little attention.
In addition, there has so far been no systematic attempt at using the management science tool of data envelopment analysis to measure or inquire the efficiency performance of health facilities in Nigeria. And to inquire and analyze factors affecting efficiency in Nigerian health facilities, this study is one of the few attempts to measure hospital efficiency using data envelopment analysis in Nigeria. Such a study is the more urgent given the shrinking government resources devoted to health over the years and the growing health care needs as a result of emerging and re-emerging health problems. The constrained ability to adequately meet the health care need is exacerbated by the perceived extensive inefficiency in the health care system where productive efficiency is hardly a yardstick for reward.
Indeed, inefficient use of hospital or health resources often leads to less availability of resources for other programmes or emerging health needs that may the improve population’s well-being. The present research is motivated to fill this gap in literature and provides Nigerian evidences. The use of operation research and management science   in solving the managerial problems in the health system of Nigeria is demonstrated.
CHAPTER THREE
RESEARCH METHODOLOGY
3.1
Introduction
This chapter on research methodology details the research methods adopted in this study. The chapter focuses on the selection and mix of methodology deemed appropriate for the study including the design of the research, population, sample size determination, sources of data and the procedures for data gathering and analysis. In this chapter we specify the models from which answers to questions raised in the study would be obtained.

3.2
Research Methods
Four main types of research methodology are commonly used in the field of management and social sciences: survey research, experimental/participatory, observation and ex-post facto methods. From the review of literature, most scholars influenced by the demand of their research focus utilized a mix of these research approaches. Therefore, this study utilized two of these methods because of the need to collect both quantitative data and information on causative factors of efficiency performance of these health facilities.
Ex-post facto method is adopted because data envelopment analysis is a mathematical programming technique that obtains ex-post facto evaluation of decision making units. In addition, efficiency analyses are inevitably retrospective and this is not a unique handicap because most performance monitoring relies on historical data (Hollingsworth and Street, 2006). Indeed, the ease with which data envelopment analysis can be applied implies that only the speed of information impedes the timeliness of analysis.

Furthermore, survey method was equally adopted for the study. The mix of survey method with ex-post facto was influenced by the need to obtain information on factors that were likely to influence the efficiency of health facilities in the study. Conceptually, a survey research design is a category of descriptive research aimed at gathering large and small samples from given population in order to examine the description, incidence and interaction of relevant variable pertaining to a research phenomenon (Denga and Ali, 1998). The choice of survey research design is also premised on its value and feasibility in addressing the research problem raised in the study. In addition, the observation of previous works in hospital efficiency indicates that it is the commonly adopted research design by most researchers studying similar problems in Africa (Akazili, et al, 2008; Zere, et al, 2006; Mwase, 2006)
3.3
Research Design
Research design is the structuring of investigations aimed at identifying variables and their relationship. The structuring of this research follows the pattern of defining the study population, sampling techniques, sample size determination, data collection procedure, data specification, modeling approach and justification, model specifications and methods of data analysis. The nature of this research demands that the procedure of obtaining answers to different components of the research questions use unstructured questionnaire and quantitative research design inclusive of ex-post facto and survey methods. According to Pope and Mays (2000), these two approaches can play complementary roles in research. Consequently, unstructured questionnaire methods can pose questions for which fundamental understanding of the nature of efficiency and factors influencing health care efficiency are needed

The approach employed in this work is derived from the submission of other researchers on factors affecting hospital efficiency (Afzali, 2007; Akazil, et al 2008; Zere, et al 2006). The quantitative aspect of the study requires data on the operations of health facilities with respect to the composition of health resources and output derived from each facility.

3.4
Population of the Study
All health facilities operating in Ogun and Lagos State constitute the population of our study. Health facilities in this context refers to organizations or decision making units whose mission and resources are devoted to improving patients’ health through health intervention strategies and services such as curative, preventive, protective and health promotion activities. This is the service domain of hospitals. For  example, hospitals and health centres fulfill the curative function by using specialized staff and equipment to offer a wide range of curative services both clinical and diagnostic services while the non-curative components are largely through health education and communication tactics
Based on national administrative structure; health facilities in the hospital subsector can be found in one or more of the three tiers of the care level, that is,  primary, secondary, and tertiary. At the lower level, health care services are carried out by both private and public health care providers. The public health care providers include public hospitals and health centres while private providers consist of private clinics and private hospitals. There are 1,359 health care facilities in Ogun State: 31 public hospitals, 424 public health centres and 904 private health facilities. On the other hand, Lagos State has 25 public hospitals and 150 public health centres scattered over the state. Therefore, the study population from which sample was drawn consists of all hospitals and health centres facilities in these states

It is, however, expected that the mission of these facilities and the complexities of services provided will weigh significantly on the facility resource acquisition and services provided and, hence, their performances (Afzali, 2007; Rich, et al, 1990). A guard against this pitfall in the application of data envelopment analysis is to stratify health facilities in order to provide more homogeneous subgroups. The purpose is to ensure that the care mix can be assumed to be fairly comparable to derive a more robust result. Therefore, public hospitals and health centres in these states constitute our unit of analysis. The assumption is that public hospitals or health facilities that are of similar organizational form produce similar type of health care (Yawel, 2006). In addition, they are more homogeneous in terms of ownership, service orientation, profit status, financing, payment system and other legal and regulatory frameworks. Therefore, it is reasonable to assume homogeneity in the range of health services provided by these public facilities and that there are similarities in their production process. This facilitates comparison in DEA literature
3.5
Sample Size Determination
Teaching hospitals have broader scope of operations and have teaching and research facilities and are located at the tertiary level of the nations care system. Two hospitals in this category, that is, Lagos State University Teaching Hospital and Olabisi Onabanjo University Teaching Hospital were excluded from the analysis in the study. In addition, specialists’ hospitals such as eye and psychiatry hospitals which have distinct mission, unique production processes and serve distinct patient are difficult to compare to general hospitals or comprehensive health centres. These were also not included in the study because their inclusion would generate heterogeneous sample whose production processes varies widely (Usla and Linh, 2008). Indeed, a major weakness of Wrouters (1993) work on health facilities in Ogun state was the heterogeneous composition of her study sample which made comparison quite difficult. In addition, health posts were excluded from the study due to their small size and production of less volume and variety of health services than the regular health centres or hospitals.

Comprehensive health centres along with general hospitals are grouped at the secondary level of the Ngerian health care system. All comprehensive health centres and general hospitals in each of the states are included in the study but subject only to data availability.  
Consequently, the sample size of the secondary facilities was taken to be the whole population. This agrees with the submission of Asika (1991) and Otokiti (2005) that the best sample size is a complete enumeration of the population as all the elements of the population are expected to be included in the survey. Generally, statisticians agree with common wisdom that the closer the sample size is to the population size the more the sample statistics be a valid estimate of the population parameters 
3.6
Sampling Techniques


The sampling procedures utilized in this study to obtain information on factors affecting efficiency of health facilities can be described as a combination of convenience, stratified, purposeful, snowballing and simple random sampling. Given data availability, the selection of the participating states was on the basis of convenience that is, bearing in mind the time frame for the study, financial constraints we focused on states that could be reached within the study’s budget. However, to obtain information on factors that affect the performances of these hospitals, respondents were stratified into three broad groupings: ministry of health and hospital management board, hospital managers and hospitals administrative staff at hospital levels; and health care experts such as health consultants, academician/health economists and health professionals who have rich knowledge about hospital management. This sampling strategy was to increase the opportunity of collecting a full range of information about factors affecting hospital performance and efficiency.

The Ministry of Health and Hospital Management Board, and hospital managers and administrative staff segment was sampled using purposeful sampling methods. This agrees with the literature that samples can be purposeful in order to permit a realistic pursuit of information (Morse, 1989). The study took advantage of the strength of purposeful sampling which enhances the choice of information-rich participants who are able to provide relevant information about health and hospital management (Lincoln, 1985).
However, in being purposive we were guided by the positions of the respondents in the hierarchy at the ministry of health and hospital management as well as the knowledge and experience of respondents on health issues and hospital management. These qualities predispose the respondents to provide the best and most relevant information.

In the health experts’ subgroup, purposeful snowballing technique was adopted in the choice of respondents. Initial respondents identified were used as informants to direct the researcher to other participants. Former ‘players’ at the ministry of health were contacted to offer the benefit of hindsight to reflect on difficulties encountered in the ministry’s handling of the state hospitals. Lincoln (1985) has argued that the usefulness of such research approach is based more on information richness of the cases selected and the capacity of the researcher to observe and analyze them than on the sample size.
3.7
Sources of Data
The study utilized both primary and secondary data. Secondary data was obtained from Ogun State ministry of health, Abeokuta and the Lagos State ministry of economic planning and budgets, Lagos. All data in respect of Lagos State have been centralized at the ministry of economic planning and budget. The secondary data obtained contained administrative and operational information on all health facilities including hospitals and health centres in each of these states. Secondary data were also obtained from published works of the states’ ministry of health, journals, internet sources and the university libraries.

In addition, primary data for the study was obtained through questionnaire. This questionnaire was designed to obtain information on factors, besides those on which quantitative data were available, which affect the operations of health facilities in these states. The instruments were administered to top and mid-level managers at the ministry of health, hospitals administrative staff, physician and health experts who are knowledgeable and most likely to be aware of the different factors affecting health care and hospital performance in the local context. The views of ministry staff are quite important because their perspectives do significantly influence policy issues and because a great deal of decision making concerning state-owned health facilities are centralized. Indeed, as operators of critical institution in the health sector they are well placed to be aware of different factors affecting the health sector and hospital performances.

3.8
Design of Research Instrument
This study also made use of survey design, which employed the use of questionnaire in eliciting required information. The questionnaire focused on identifying factors affecting hospital efficiency in the states. This approach was considered a good complement to the quantitative approach especially in the light of poor quantitative dataset in respect of these variables highlighted in the questionnaire and the need to reveal the importance of context and local factors affecting the efficiency of these health facilities. The research instrument (questionnaire) consisted of two types of questions: open-ended questions and close-ended questions

The open ended which was designed to facilitate free emission of  experts opinion  on a wide range of factors sought to know, among others, health professionals’ and administrators’ understanding of the concept of efficiency. This question is necessary because common wisdom dictate that we strive to improve what we have knowledge of according to our understanding. Health professionals and policy makers are entrusted with public resources for the delivery of health care, therefore, the depth of knowledge they posses are strategic for the deployment and use of public resources. Experts’ opinion on the adequacy of the variables employed as input parameters in the quantitative model, subject to data availability, was included as an open-ended question.

In the open-ended section were questions designed to enable respondents to identify factors considered as affecting the performance of hospital/health facilities in the states. They were to equally describe the manner in which factors identified have been affecting the performances of these facilities. It is expected that the respondents’ experience and knowledge of the local factors and context of the hospitals will play a significant role in their response. Common wisdom dictates that those charged with the responsibility of planning health care delivery and practitioners delivering health care are best to communicate the inhibitions in the effective and efficient performance of their tasks. In fact, the logic for the open-ended questions approach is to generate wide and diverse opinion of experts on factors affecting the performance of these facilities and, hence, be able to cover more factors than could have been covered using quantitative approach.

The design of the closed-ended questions benefitted from literatures dealing with the effect of environmental factors on hospital efficiency. Specifically, some of the environmental variables were isolated from the works of Valdmanis (1990), Ozcan,et al (1992), Rosko,et al (1995), Kontodimopolous,et al (2007, Afzali,(2007) and Akazili,et al (2008).  The factors identified were both contextual and organizational. 

The close-ended questions required respondents to indicate on a scale, the extent to which the factors identified were considered as affecting the performance of the local hospital/health facilities. Hospital managers were to rate each factors on the extent to which their facilities performance was affected. These close-ended questions were designed using a 7-point likert scale which ranges 1 as least important to 7 as the most important for performance. For these factors, respondents were to describe how it affected their facilities or hospital efficiency. The close ended section of the questionnaire was mainly intended as a check on respondents’ responses and to assits respondents in articulating their opinions on issues raised in the research questionnaire.
 3.9   Conceptual Model for the Study 

According to Lovell (2000) and Bradford and Oates (1969), producers utilize a set of inputs or resources in order to generate a set of directly produced outputs. A health facility, for example, a hospital is conceived as a production entity with labour and capital as inputs and medical services as output (Filippini, Farsi, Crivelli and Zola, 2004).

 Health service inputs include human (its number, skills and knowledge) and physical capital (equipment, technology, buildings and consumables such as drugs and supplies. The production processes combines and transform this inputs into outputs; and expression of the number of hospital activities. Steinman and Zweifel (2003) described two levels of hospital outputs: secondary and managerial. From their perspective, patients’ days are an output at managerial level but it will be taken as input at the society level because it indicates cost incurred to the patients. Generally, society level output is difficult to measure, consequently, hospital efficiency studies focused on managerial output. In health studies, hospital or health care output is usually measured as an array of intermediate outputs, that is, health services which are focssed on improving health status (Grosskopf and Valdmanis, 1987; Sexton, Lieken, Nolan, Liss, Hogan and Silkman, 1989).
 In measurement perspective process, indicator measures the efficiency of the transformation process of primary inputs (materials and human) into activities capturing ‘operational or process performance’ (Angrell and West, 2001; Boyne, 2002; Ghobadian and Asworth, 1994). 
The mathematical programming approach of data envelopment analysis is this present study’s tool for measuring the efficiency of transformation of health resources inputs into health outputs or services. The results indicate how well these hospitals in the study are performing. That is, a performance indicator that measures how health care resources  are  transformed  into direct outputs for consumption by the populace which then facilitates comparison with other comparable units(Agrell, and West, 2001) 
                 




                  Operational efficiency (DEA Analysis)                         Explanatory Analysis of efficiency (Tibit Model)

                                    Outcome 

                           (Society Level Output)
Fig 3.1:   Conceptual Model for the Study
Source: Designed by the Researcher

However, health care production activities and performance are conceived as being affected by both organizational (internal) and contextual (external) factors (Rosko, 1999, Aminloo, 1997). Contextual factors which cannot be changed by an individual facility include factors such as market structure, regulations, demographic and political issues, among others. Organizational variables are internal variables that bear efficiency dimension of the performance of these health facilities. These factors include the size of the facility, mission, ownership, management and other internal variables

3.10
Data Description
Healthcare institutions, for example, hospitals, health centres and clinics, utilize a variety of resources: human, materials, money and knowledge among others in the production process that ultimately improve upon the health conditions of patients and contributes to healthier communities. However, there is difficulty in measurement of health status because health is multidimensional and, secondly, subjectivity is involved in assessing quality of life of patients (Clewer and Perkins, 1988).

Measurement difficulty of unobservable output, that is, health status is, however, resolved by focusing on intermediate output (health services) that improves health status (Grosskopf and Valdmanis, 1987; Chilingerian, 1993). The required data for this study relate to direct services, which hospitals provide to patients: inputs employed to generate services and outputs which reflect the general scope of the facility’s health care activities.  According to Byres and Valdmanis (1994) and Steinmann and Zweifel (2003), production needs to be defined in terms of actual quantities of inputs used rather than available stocks

Hence, our choice of inputs and outputs for Data Envelopment Analysis is guided by previous health care efficiency studies in Africa and availability of data (Osei, et al, 2005; Yawe, 2006; Kirigia, et al, 2002; Kirigia and Okorosobo, 2005, Akazili, et al 2008)

 3.10.1   Input Variable
Numbers of different category of labour employed in the provision of health care services in each facility serve as input in the study’s models. Labour inputs are categorized into such categories as number of technical staff. This category includes medical assistants, nurses and paramedical staff and a number of support or subordinate staff such as administrative staff, drivers, watchmen, gardeners, etc. It is our reckoning that these groups are sufficiently broad to accommodate the varied human resources on skills employed in health care provision.

Capital inputs such as building and equipments were approximated by number of beds per facilities. Beds are often used to proxy capital stock in hospital or health care studies (Byrnes and Valdmanis, 1987; Hofler and Rungling, 1994). This is because a reliable measure of the value of assets is rarely available (Yawe, 2006). Kooreman (1994) justified such approach on the premise that management has control over labour inputs and the use of capital inputs is beyond management ability to determine.

In summary, these kinds of data were sought for in respect of these inputs variable.

Beds


:
Total number of beds in each health facility.

Medical Officers
:
Total number of clinical staff in each facility.

Technical Officers
:
Total number of medical assistants, nursing assistant, 

Paramedical staff, etc in each facility
      

3.10.2    Output Data (Variables)
Output data is focused on the production volume of health care process, that is, service provided or patients served. And, for our purpose in this study; output is taken to be any product of the health care facilities such as services provided and patients served (Haung and McLaughlin, 1989). This study requires data on:

Deliveries:       Number of child deliveries. Health resources are expended on deliveries, thus our definition includes all deliveries in each facility. 

 MCH:              Number of other Maternal and Childcare, that is, ante natal care

Outpatient Visits: Number of outpatient curative visits
Inpatient admission:  Total annual admissions, that is, inpatient care. Inpatients admission was not categorized either according to case complexity, due to of non-availability of data

However, in the case of public health centres and clinics, it is evident that they provide three key services: Outpatients visit, basic medical examination and maternity health services, and outreach preventive care. Data, specifically annual data, were required from each facility as input into our model.
3.11
Modelling Approach and Justification
Data Envelopment Analysis (DEA) was utilized in this study. The  study’s preferences for data envelopment analysis is anchored on the fact that DEA is an operational research /management science tool which does not require explicit specification of any  functional form relating inputs to outputs. This is more relevant for the Nigerian health sector, like all public sector organizations, there is no known production or cost function (Dyson, et al, 2001).
 In addition, the curing, caring and other hospital functions demand the use of multiple inputs and generation of multiple outputs and data envelopment analysis have proved a reliable analytical technique in handling, without complications, these multiple inputs and output situations. Above all, the objective of the study which includes identifying the sources and magnitude of possible inefficiency in the care system demands that data envelopment analysis be employed. The argument for DEA is summed up in Bhat, et.al (2001) as:
Table 3.1 Comparision of DEA, Regression and Stochastic Frontier Analysis (SFA)
	Problem
	DEA
	Regression
	SFA

	Multiple inputs and output
	Simple
	Complex and rarely undertaken
	Complex and rarely undertaken

	Specification of functional form
	Not required
	Required and may be incorrect
	Required and may be incorrect

	Sample size
	Small sample size can be adequate
	Moderate sample size required and statistics become unreliable if too small and important factors may be incorrectly omitted from the model
	Large sample size required

	Explanatory factors highly collinear
	Better discrimination
	Possible misleading interpretation of relationship
	Possible misleading interpretation of relationship

	Noise,(measurement error)
	Highly sensitive
	Affected but not as severe as DEA
	Specifically modeled although strong distributed. Assumptions are required


Source:  Bhat, R; Verma, B.B and Reuben, E (2001), Data Envelopment Analysis, Journal of 
   Health Management, 3(2) pp 309-328.
The DEA model was used under two basic assumptions: constant returns to scale (CRS) and variable returns to scale assumption (VRS). Constant Returns to Scale (CRS) assumption is justified if all the facilities under study are operating at optimal scale, however, it is more unlikely this holds for all the facilities. Therefore, the Variable Returns to Scale which assumes the performance of each of these is dependent on their scale of operations was also used. This agrees with the suggestions of Galagedera, et al (2003) that if uncertainty exists in the selection of appropriate variable VRS is safer in terms of obtaining a more robust result.
 Moreover, in the light of the study’s objective to assess the impact of scale of operations on the efficiency of these facilities both CRS and VRS assumptions are necessary. This is because the deviation of the CRS-based frontier from the VRS-based frontier represents the scale efficiency.  Furthermore, in line with earlier studies (Osei et al, Yawe, 2006, Kirigia, et al, 2002, Kirigia and Okorosobo, 2005), an input orientation version of DEA is to be employed for hospital analysis. Input orientation assumes that facilities have limited control over the volume of their output. There is no linkage between staff earnings and output, thus no incentive for inducing demand for health.

3.12
Models Specification
A two-stage Data Envelopment Analysis model is proposed for use in our analysis. The first stage of the model is a set of input oriented Data Envelopment Analysis model: Constant Returns to Scale (CRS) and the Variable Returns to Scale models (VRS).
3.12.1 Operational Definitions of the Study Variables
Before describing the models in detail, the following notations are defined.

Inputs:


[image: image42.wmf]x

ij

 =the number of health resources ith input used in health facility j.

Therefore in this wise: 
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1

 =represents the number of beds (i.e, first input) available in health facility j.
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=represents the number of Doctors (i.e, second input) available in health facilities 

j in a year
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=represents the numbers of Nurses (i.e, third input) available in health facilities j.
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4

=represents the numbers of health attendants (i.e, fourth input) available in 


facilities j.
Outputs:
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 =the number of Patients rthcategories attended to in facilities j.

Therefore,
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1

 = the number of Outpatients (i.e.first output) attended to in facility j in a year.
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   =the number of Inpatients (i.e second output) attended to in facility j in a year.
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   =the number of deliveries (i.e, third output) in facility j in a year.
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  =the number of ANC services (i.e, fourth output) rendered in a facility j in a 


year.
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    =number of health facilities considered in the study.
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  =weights attached to the inputs used and outputs of each health facility.
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= slack variables attached to the input constraints.
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  =slack variables attached to the output constraints.

Generally, we do not expect public or private hospitals and health centers to go out looking for more patients in the name of increasing output, therefore, cost minimization might be a noble and acceptable objective to aspire to. Consequently, the input minimizing model proposed for the hospitals is:
Min 
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Output Constraints



[image: image61.wmf]å

=

³

29

1

10

1

j

j

j

y

y

l

- Out-patients constraints
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- In-patients constraints
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- Deliveries constraints
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- Ante-Natal Care constraints
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- Scale Constraints (VRS)
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- Non-negativity Constraints
However, to achieve movement to the efficient frontier in a two-stage DEA, there is the need to optimize the slack variables. This requires running the model below under the same assumption as in the basic DEA model above.
Max 
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Subject to:
Input constraints:
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- Beds Constraints


[image: image70.wmf]å

=

-

=

+

29

1

20

2

2

j

j

j

x

S

x

q

l

- Doctors Constraints
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- Nurses Constraints
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- Health Attendants Constraints
Output constraints
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- Ante-Natal Care
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 However, due to data availability we need to re- define the inpatients constraint in both the first stage and second stage of DEA analysis for Lagos State hospitals. Discharges, a new constraint was formulated to substitute for inpatient constraints in both the basic DEA models and the second stage slack based model. That is, in its canonical form    
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- Discharges constraints

In the second stage the constraints becomes 
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- Discharges constraints with the introduction of its slack variable
This study also seeks an answer to the question: are there any inefficiency related to the size of the sampled hospitals? (That is, either they are too large or too small relative to their output profile).  This requires the computation of the scale efficiency scores for these hospitals. (Usually, scale efficiency in health care industry results from market and institutional constraints which make a production unit not able to operate at optimal scale). The expressions below is applied in the computation of scale efficiency for kth hospital (Fare, Grosskopf, Lovell, 1994; Coelli, 2005)

   SEk =     TEk ( yk,xk; crs, S)
                TEk (yk, xk; vrs, S)
     Where  

      SEK = Scale efficiency scores for hospital k

      TEk = Tehnical efficiency scores for hospital k (as derived from DEA model under both 

CRS and VRS assumptions)

       yk = Outputs (services) produced by hospital k

        xk   = Resources (inputs) utilized by hospital k
crs, S    = efficiency scores under strong disposability assumptions

 vrs, S    = efficiency scores under strong disposability assumptions

SEk = 1 if hospital k is scale efficient
 SEk < 1 if hospital k is scale inefficient

Furthermore, it is reasonable for decision makers and researchers to be interested in the sensitivity of hospital efficiency status to changes in individual input values, for example, how sensitive is the hospitals efficiency to changes in the number of doctors available. This information leads to managerial actions that will not jeopardize a specific hospital operation. Therefore, using Chen and Zhu (2003) approach the model below is applied to examine the sensitivity of the efficiency status of individual hospital to changes in inputs of Beds (X1), Doctor (X2), and Nurses (X3). Consequently, we are able to identify health inputs that can be classified as critical measures of performance. For example while the model for doctors (X2) for Ogun state hospitals is stated below the same formulation with minor adjustment applies to other input variables. 
Min Zk
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Changes in the other input variables can be computed from the above. The same model applies to Lagos state hospitals except that the upper bound i.e. number of hospital is 20.

Where
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 : Possible inefficiency existing in doctors’ usage when other inputs and outputs are fixed   

         at the current level.
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: Number of doctors in hospital ‘o’, i.e. the hospital under evaluation.   
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: Number of doctors in other public hospital in the sample.
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: Other health inputs used in hospital under evaluation.
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: represents outpatient, inpatient, deliveries and ante natal care produced in the hospitals respectively.
3.13 Models Validity and Reliability
A researcher needs to be concerned with how well an assessing procedure measures the characteristics that he/she wants to measure. This is the theme of research validity criteria: the accuracy of methods and variables employed in the research. According to Asika (1991), validity is the degree to which research instrument measures what it is designed to measure. Viewed together, reliability referred to the degree of the stability of findings whereas validity represented the truthfulness of findings (Altheide and Johnson, 1994 cited in Robbin et al 2001). The limits and strengths of the estimation methods utilized in this study (data envelopment analysis) have been pointed out (see section 3.10).

There are, however, different criteria in validity of research instruments and procedures: face, content, criterion and construct validity. Face validity examines the question of whether the variables used in the study appear reasonable to capture the information the researcher is attempting to obtain. Involvement in the technical aspect of the model is not emphasized. Content validity describes the extent to which a variable covers the specifically intended domains under investigation (Carmines and Zeller, 1991). These two validity criteria rest on judgments. However, criterion validity compares variables or methods to standards which have been demonstrated to be close to the truth.

Content and face validity of this study models is partly ensured because our choice of inputs and outputs for Data Envelopment Analysis is guided by previous health care efficiency studies in Africa and availability of data ( Osei,et al, 2005; Yawe, 2006; Kirigia, et al,2002; Kirigia and Okorosobo, 2005, Akazili,et al 2008). The variable chosen were also subjected to experts, health professional and managerial opinions with respect to the adequacy of the variable to cover the basic hospital activities in the states studied. In addition, mathematical models based on the same input parameters are expected to produce the same or similar result over time. This is the reliability of the study. Reliability is the consistency of information overtime. The reliability of the estimation method adopted in the study is secured due to ability to produce the same findings for these hospitals under the same inputs and output condition (Abramson and Abramson, 1999). Our choice of inputs and outputs for Data Envelopment Analysis is also guided by previous health care efficiency studies in Africa and availability of data (Osei, et al, 2005; Yawe, 2006; Kirigia, et al, 2002; Kirigia and Okorosobo, 2005, Akazili, et al 2008) 
3.14
 Technique of Estimations
A content analysis of respondents’ responses to the open-ended questionnaire was undertaken to isolate the basic threads of thoughts in respondents’ responses to the questions in the research instrument. In addition to DEA, the statistical tools used in the study are in line with what is used in the literature. Descriptive statistics of mean, median, standard deviation, extreme values of input and output variables were used to describe basic characteristics of the data set. In addition, to shed light on efficiency measures across the states, a non-parametric Mann-Whitney test was undertaken. 

The Mann-Whitney test was chosen because no parametric error structure was included in the original model and, therefore, no assumption was made as to normal distribution. The result of the Mann-Whitney test is to provide insight on whether ownership and location have effect on efficiency performance of similar facilities across states. Furthermore, to gain insight into whether efficiency performance for public health facilities under the same ownership and management changed significantly over the years, the non-parametric Kruskal Wallis test was undertaken for facilities in Ogun State.
However, to isolate the determinant of the efficiency of public health facilities quantitatively, the DEA scores were regressed against a vector of explanatory variables. There are two regression models commonly used for this purpose: Ordinary least square regression (OLS) and Tobit regression (Tobin, 1958). However, if the distribution of efficiency is truncated above unity such that the dependent variable, that is, efficiency score in the regression model becomes a limited dependent variable, OLS regression becomes inappropriate (Gujarati, 2003). In such a case of inappropriateness of OLS, Tobit regression becomes more appropriate option.

The DEA model produces censored distributions. Some health facilities are characterized as being inefficient because their DEA scores fall into a wide variation of strictly positive values that are less than 1. In addition, there are hospitals whose efficiency scores are clustered at 1 in that DEA has an upper limit. Consequently, to estimate the coefficient of explanatory equation of efficiency, a regression model other than ordinary least square method with an untransformed dependent variable is required (Kooreman, 1994; Chiligerian, 1995). Thus, this study estimated the explanatory regression with Tobit, a maximum likelihood estimation technique using Eview, an econometric software package. The advantage of Tobit is that it allows us to keep all observations in the analysis

 Therefore, the hierarchical regression model for the second stage analysis consistent with the study’s framework is, efficiency scores = f (market concentration of health facilities, population of the catchment area, scope or varieties of available  or health services offered, and the availability of critical health personnel: doctors and nurses). That is efficiency is explained in terms of both contextual and organizational variables. This is represented as:

  Efficiency = βo + β1MktCon + β2Population + β3Servscope + β4Doctors + β5BTR+ε
This second stage analysis makes the efficiency score, estimated by the DEA technique, the model’s dependent variable. According to Rosko, et al (1995) the DEA model is a sensitive model for finding overall technical and scale efficiency.
Market concentration (MktCon):  reflects the number of registered health facilities performing hospital functions in the local government area housing the health facilities under consideration. Here, complexity of mode of production of health services was not accounted for because privately owned health facilities are a force to reckon with in the nation’s health industry. And, empirical evidences exists of diversion of patients from public facilities to private health facilities by health personnel on ‘dual practice’
Population: This refers to the number persons living within the catchment area of the health facilities, that is, the local government.
Service Scope (servscope): This variable refers to the varieties of health services offered. The assumption is that the varieties of health services available in a facility have the potentials of drawing patients with different health needs.
Critical health personnel: Doctors and Nurses are considered as critical human resources both in terms of their roles in the restoration of role performances of individuals and availability. And, with a population per doctor ratio of 2992:1 and population per nurses ratio of 1411:1 in Ogun State (Health Bulletin, 2006) these human input are considered as critical resource in the study.

Coelli, et al (2005) suggested that in DEA second stage methodology, the regression analysis for environmental factors against DEA efficiency score may have biased results. Put differently, the problem of multicollinearity may exist. Therefore, to hedge against multicollinearity of the variables, correlations between the variables are calculated. Pearson correlations coefficient was used to investigate correlations between the explanatory variables, hospital inputs and outputs.

Bed Turnover Ratio (BTR): Bed turnover ratio which measures the productivity of hospital beds represents the number of patients treated per hospital bed within a defined period. Rosko, et al, (1995) employed this as explanatory variable in their study.

CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND INTERPRETATIONS

4.1
Introduction
This chapter contains the result of the models utilized in the study. The chapter’s focus is to identify, in line with the study’s objective, the relatively efficient and inefficient health facilities, and the magnitude of inefficiency by employing data envelopment analysis model (DEA). The preference for DEA is premised on the model’s ability to handle multiple inputs and multiple outputs as outlined in chapter 3. Issues relating to efficiency level of the sampled   facilities are dealt with first, thereafter; we shifted attention to the second stage analysis of quantitatively determining the factors that affect the efficiency of these hospitals. Lastly, questions designed to elicit responses from management and health experts on other factors that were likely to influence the efficiency and operations of these facilities were content analysed and discussed.

Therefore, the data on which the study is based are mainly quantitative and experts’ responses on factors affecting hospital operations. Data presentation starts with descriptive statistics of the quantity of health care inputs resources used and output generated from the health care process in the hospitals in the states. The quantitative data were used as input parameters to the DEA models formulated for the study. The second stage analysis utilised Tobit regression model on the results obtained from the first stage DEA model. These results were regressed against some explanatory variables. However, the need to undertake statistical checks inform the computation of correlation coefficients and understand the relationship between input used and output gained.
4.2
 Analysis of Results from Ogun State
4.2.1   
Descriptive Statistics of Health Resources and Output at the Secondary Care Level in Ogun State
The summary statistics of the variables of interest is presented in Table 4.1 below. The table provides the descriptive statistics of the variables employed as input and output parameters in the study’s model. In addition, the Table is intended to provide a general description of the health resource endowment and output set of the secondary health facilities in Ogun State.

Table 4.1
	DESCRIPTIVE STATISTICS OF HEALTH RESORCES AND OUTPUT AT THE SECONDARY CARE LEVEL IN OGUN STATE

	2006

	 
	Beds
	Doctors
	Nurses
	Health Attendant
	Inpatient
	Outpatient
	Deliveries
	Ante-natal

	Mean
	37.4615
	3.615
	18.46
	7.35
	512.33
	4002.81
	219.96
	821.19

	Median
	23.5
	2
	11
	4
	339
	2612
	123
	469

	Sum
	974
	94
	480
	169
	12296
	104073
	5499
	21351

	Minimum
	8
	1
	1
	1
	19
	464
	13
	19

	Maximum
	186
	20
	105
	27
	2451
	23896
	1403
	4960

	Stad. Dev
	35.9758
	4.37
	22.97
	6.73
	583.12
	5679.77
	304.5
	1014.16

	2007

	 
	Beds
	Doctors
	Nurses
	Health Attendant
	Inpatient
	Outpatient
	Deliveries
	Ante-natal

	Mean
	36.54
	3.07
	19.89
	9.3
	1303.88
	1098.32
	196.56
	282.64

	Median
	24.5
	2
	10.5
	6
	1274
	973.5
	94
	174

	Sum
	1023
	86
	557
	251
	33901
	30753
	5307
	7914

	Minimum
	8
	1
	1
	1
	8
	75
	24
	19

	Maximum
	186
	15
	15
	61
	2648
	2342
	992
	1104

	Stad. Dev
	36.32
	3.38
	25.95
	12.02
	679.64
	587.22
	269.01
	259.99

	2008

	 
	Beds
	Doctors
	Nurses
	Health Attendant
	Inpatient
	Outpatient
	Deliveries
	Ante-natal

	Mean
	36.54
	3.07
	19.89
	9.3
	1080.43
	4334.46
	249.29
	1154.57

	Median
	24.5
	2
	10.5
	6
	526.5
	2816
	100
	623.5

	Sum
	1023
	86
	557
	251
	30252
	121365
	6980
	32328

	Minimum
	8
	1
	1
	1
	41
	532
	24
	121

	Maximum
	186
	15
	15
	61
	11346
	40165
	1619
	5321

	Stad. Dev
	36.32
	3.38
	25.95
	12.02
	2078.89
	7280.24
	367.37
	1359.39


Source: Computed from data obtained from Ogun State Ministry of Health, 2009

In 2006, public secondary health facilities in Ogun state, that is, the general hospitals on average, employed 4 doctors and 19 staff nurses with a mean beds capacity of 38 beds. This is indicative of poor resource endowment in the state’s health sector. The low variability between resource input in 2006 and the subsequent years of 2007 and 2008 evidently suggests that not much health resources were added over the years. While the capacity of these facilities could not be said to have expanded in terms of bed space, staff nurses and health attendants showed a slight rise to an average of 20 nurses and 10 health attendants in the state’s secondary health care system in the sampled years.

The average number of inpatients treated which stood at 512 in 2006 increased to 1,304 in 2007 and showed a slight decline to 1,080 patients in 2008. However, for the years 2006 and 2008 outpatients activities, on the average, were higher in these years with 4,003(2006) and 4,335(2008). Overall, the low variability in the utilisation of the somewhat static resources deployed in the state’s secondary health facilities indicates that these facilities expanded their activities to some extent. However, the minimum and maximum level of input and activities level indicate that expansion of health activities among these facilities were uneven.  Consequently, while some of   these facilities may be operating at or near full capacity, some are probably far from their opearating capacity.

The data in Table 4.1 also indicate that public hospitals in Ogun state do not have considerable share of deliveries (child birth) in their activities portfolio. Ante Natal care activities were at its lowest ebb in 2007, an average of 283 ante natal care case. The unfavourable patients-to-staff ratios that exist in state’s hospitals can be discerned from the summary data. 
 4.2.2   Health Care Activities Trend in Ogun State Public Hospitals 2006-2008

The trend of activities in each of the state’s hospitals can be easily discerned from the graph shown in the study’s appendices 6-9, it is evident from the graph and charts that while some of the hospitals witnessed fairly high activity levels, others were not that active. However, it is safe to remark that evidences from the charts and graphs indicate that increasing numbers of persons seemed to have utilized public hospital services in the state with each successive year. This seems to be in line with every government desires to expand organized health care for greater coverage, accessibility and effective utilisation. 

However, for managerial purposes, the graphs suggest the need to pay attention to some activities within some of the hospitals with a focus of improving demand for those activities. For example, it is evident that there is low demand for deliveries services in the most of the public hospitals in the state. This might possibly be a reflection of the intensity of competition by private care providers for this activity portfolio. 
Consequently, the oversight organ, i.e, hospital management board under the ministry of health may need to direct resources to consciously promote the use of this service in state’s public hospitals. If this option appear unattractive to the government, however, a more proactive oversight role over private providers and traditional birth attendants (TBA) may be required to ensure quality of care in child delivery in order to limit both child and maternal mortality. The resource requirement for building and operation of hospitals suggests that the current usage level of most of the health services offered in   these hospitasl should provide strong motivations to develop methods to tackle problems related to intensity of use of the state’s public hospitals and accessibility (Appendices 6-9)
4.2.3
     Models Solution procedures and Results
The derivation of efficiency scores for each hospital in the sample requires that each of the models specified in chapter three be formulated and solved for each hospital in the sample. For example, the basic DEA model in chapter three is to be formulated and solved 29 times for hospitals in Ogun state and 20 times for hospitals in Lagos state. Therefore, we utilize a computer package to conduct the data envelopment analysis. The software used for the programming and the running of the DEA models in the study is DEA Frontier, which is a DEA add-in for Microsoft Excel. This software permits modelling with different scale constraints, that is, variable returns to scale and constant returns to scale constraints. 

4.2.4
Technical Efficiency Scores of the Hospitals
In DEA literatures, constant returns to scale (CRS) model assumes a production process in which the optimal mix of inputs and outputs is independent of the scale of operations. This is the main feature of the original DEA model formulated by Charnes, et al, (1978). However, in this study, we anticipated and considered it more realistic that hospital size is more likely to be influenced by institutional or geographical constraints more than market environment. Thus, we considered the assumptions of constant returns to scale to be more tenuous. Consequently, the less restrictive variable returns to scale assumption is specified and discussed extensively in the study. Nevertheless, the results of the CRS model are shown in Table 4.3. This is because scale efficiency measures for each hospital are obtainable by modeling and solving both the CRS and VRS DEA models for each hospital. The technical efficiency scores derived from the CRS model are then decomposed into components: scale inefficiency and pure technical efficiency
Estimated efficiency scores on the strength of the variable returns to scale assumption are presented in Table 4.2 below. In 2008, out of the 29 public hospitals in Ogun state 13 representing 44.8 percent were deemed to be operating inefficiently relative to other hospitals. That is, these hospitals were not operating at technically efficient levels. The average scores of the inefficient hospitals (n=13) is 70 percent. This is indicative that the inefficient hospitals can, on the whole, reduce health resources input consumption by 30 percent without reducing their collective outputs.
It is evident from the table that general hospitals in Ijebu Ode and Ilaro with efficiency scores of 16.7 percent and 22.4 percent respectively were the most inefficient hospitals relative to others. Previous years of 2006 and 2007 revealed no better situations in respect of the operational efficiency of these facilities. In terms of numbers, slightly over half of these hospitals were operating inefficiently in 2006. This translates to 51.8 percent of the hospitals which were technically inefficient. The percentage number of inefficient hospitals went down to 36 percent in 2007.

The results in Table 4.2 revealed that the average pure technical efficiency increased from 67 percent in 2006 to 74 percent in 2007. The efficiency scores had a slight decrease in 2008 implying the presence of inefficiency in the state’s health care system over the years. Nine (9) hospitals were technically inefficient in 2006 and the number of inefficient facilities rose to 14 hospitals and 15 in 2007 and 2008 respectively.  More facilities in the state’s health care system faltered in terms of their ability to provide health output with minimum input expenditure or consumption. On the average, 33 percent of health resources consumed in 2006 could have been saved while maintaining the same combined output level for the inefficient facilities. The same arguments subsist for the year 2007. In 2007, the inefficient hospitals can, on the average, reduce health resource input by as much as 26 percent without a decrease or reduction in their collective outputs.
  Table 4.2: Result of VRS Model: Pure Technical Efficiency - Ogun State Hospitals

	S/n
	Name
	2008
	2007
	2006

	1
	General hospital, Iberekodo
	1.000
	**
	**

	2
	Community hospital, Isaga
	1.000
	1.000
	1.000

	3
	State hospital, Sokenu
	1.000
	0.189
	1.000

	4
	Oba Ademola hospital, Ijemo
	1.000
	0.524
	1.000

	5
	Ransome Kuti hospital, Asero
	1.000
	0.780
	0.739

	6
	General hospital, Ota
	1.000
	1.000
	1.000

	7
	General hospital, Itori
	1.000
	1.000
	**

	8
	General hospital, Ifo
	0.905
	1.000
	1.000

	9
	General hospital, Ogbere
	1.000
	0.990
	1.000

	10
	General hospital, Ijebu-Ife
	0.986
	0.852
	0.820

	11
	General hospital, Ijebu-Igbo
	0.946
	0.866
	1.000

	12
	General hospital, Atan
	1.000
	1.000
	**

	13
	General hospital, Ijebu-Ode
	0.163
	0.446
	1.000

	14
	General hospital, Iperu
	0.866
	1.000
	0.490

	15
	General hospital, Ikenne
	1.000
	1.000
	0.671

	16
	General hospital, llishan
	1.000
	1.000
	1.000

	17
	General hospital, Imeko
	1.000
	1.000
	0.776

	18
	General hospital, Ipokia
	0.725
	0.811
	1.000

	19
	General hospital, Idiroko
	0.657
	1.000
	1.000

	20
	General hospital, Owode-Egba
	0.664
	0.732
	0.894

	21
	General hospital, Odeda
	1.000
	0.800
	1.000

	22
	General hospital, Odogbolu
	1.000
	0.880
	0.503

	23
	General hospital, Ala-Idowa
	0.890
	0.887
	1.000

	24
	General hospital, Omu
	0.790
	1.000
	**

	25
	General hospital, Ibiade
	0.771
	0.956
	1.000

	26
	General hospital, Isara
	0.518
	0.626
	1.000

	27
	General hospital, Ode-Lemo
	1.000
	1.000
	0.513

	28
	General hospital, Aiyetoro
	1.000
	1.000
	1.000

	29
	General hospital, Ilaro
	0.224
	**
	0.584


Source: Researcher’s estimate from   VRS model 2010
 **  Data was not available  
According to the efficiency scores derived, four hospitals namely; general hospital Iperu (49%), general hospital Odogbolu (50%), general hospital Ode-Lemo (51%) and general hospital Ilaro (58%) had efficiency ratings below 60 percent. Indeed, from amongst these facilities, consumption of health resources can be reduced collectively by as much as 48% without affecting the output level for 2006. For the 2007 period, three of the state’s health facilities: general hospital, Ijebu Ode; Oba Ademola hospital and State hospital, Sokenu ranked among the most inefficient hospitals. The efficiency rating is as low as 19% ( Sokenu)  to 52% (Oba Ademola hospital)  indicating that the most efficient hospital are over five times as efficient as the least efficient.
In data envelopment framework, high variability in observed performance across a sample provides strong evidence that the health system in Ogun state suffers significant losses in resources. This constrains government ability to expand health services to cover larger population due to operating inefficiency of existing health facilities. Evidently, therefore operating costs are exaggerated such that facilities are operating at costs that are not competitive and the potentially positive impact of this dominant and prime resource consuming units on the populace are reduced. The stewardship roles of the state ministry of health is weakened as  their contributions to promotion of economic development of the state through minimizing of mortality and morbidity in the populace are being questioned by strong evidences of inefficiency and resource wastage in the hospital sector.

 We need to note that general hospital, Ijebu Ode for two consecutive years (2007 and 2008) ranked among the least efficient hospitals relative to others. It   can be observed that the hospital requires 45% of the resources at its disposal in 2007 to generate the same output level; the facility requires far less resources in 2008. The decline in the ability of general hospitals in Ilaro and Ijebu Ode to provide health services with minimum input consumption deserves management attention. The decline from 58%  efficiency level in 2006 to 22% in 2008 (general hospital, Ilaro); and from 45%  (2007) to 16% (2008) for general hospital, Ijebu Ode suggest that dbetween these facilities, substantial resources were lost. That is, not only were they inefficient but decline further into inefficiency indicating that substantial resources could be saved if these facilities were to operate efficiently; and in the absence of remedial managerial actions more wastage of resources may be expected.
Table 4.3 below shows the result of the CRS model for Ogun State; the CRS model measures total efficiency with strong disposability of outputs; that is, all inputs are considered desirable. Under this assumption, eight (8) public hospitals are found to be operating efficiently with five (5) others operating close to optimal size in 2008. Most of the efficient hospitals under the CRS model were equally efficient in the previous years of 2007 and 2006(Columns II and III of Table 4.3) However, data in respect of the operation of general hospitals, Iberekodo was not available in 2006 and 2007. In addition, operations data in respect of general hospitals in Itori, Atan, Omu and Ilaro were not available for one year as asterisked in Table 4.3; consequently we were unable to estimates the efficiency score for those years.
Table 4.3: Result of CRS Model: Total Efficiency - Ogun State Hospitals
	S/n
	Name
	2008
	2007
	2006

	1
	General hospital, Iberekodo
	0.553
	**
	**

	2
	Community hospital, Isaga
	1.000
	1.000
	0.421

	3
	State hospital, Sokenu
	1.000
	0.143
	0.466

	4
	Oba Ademola hospital, Ijemo
	0.685
	0.420
	1.000

	5
	Ransome Kuti hospital, Asero
	1.000
	0.734
	0.730

	6
	General hospital, Ota
	1.000
	0.567
	1.000

	7
	General hospital, Itori
	0.185
	0.446
	**

	8
	General hospital, Ifo
	0.884
	1.000
	1.000

	9
	General hospital, Ogbere
	1.000
	0.984
	0.978

	10
	General hospital, Ijebu-Ife
	0.909
	0.814
	0.789

	11
	General hospital, Ijebu-Igbo
	0.767
	0.829
	1.000

	12
	General hospital, Atan
	0.431
	0.482
	**

	13
	General hospital, Ijebu-Ode
	0.161
	0.196
	0.704

	14
	General hospital, Iperu
	0.857
	1.000
	0.490

	15
	General hospital, Ikenne
	1.000
	1.000
	0.597

	16
	General hospital, llishan
	1.000
	1.000
	1.000

	17
	General hospital, Imeko
	0.735
	0.535
	0.646

	18
	General hospital, Ipokia
	0.339
	0.553
	1.000

	19
	General hospital, Idiroko
	0.514
	1.000
	0.973

	20
	General hospital, Owode-Egba
	0.336
	0.576
	0.890

	21
	General hospital, Odeda
	0.953
	0.298
	1.000

	22
	General hospital, Odogbolu
	0.899
	0.689
	0.500

	23
	General hospital, Ala-Idowa
	0.620
	0.709
	0.364

	24
	General hospital, Omu
	0.683
	1.000
	**

	25
	General hospital, Ibiade
	0.301
	0.918
	0.793

	26
	General hospital, Isara
	0.259
	0.435
	1.000

	27
	General hospital, Ode-Lemo
	0.342
	0.435
	0.228

	28
	General hospital, Aiyetoro
	1.000
	0.701
	1.000

	29
	General hospital, Ilaro
	0.197
	**
	0.486


                        Source:  Efficieny scores estimates from CRS model, 2010

However, to facilitate ready inter year comparison of the efficiency scores for each of the facility, the VRS model efficiency estimates are depicted in the bar graph in Figure 4.1. The graph indicates that while some of the facility witnessed positive change in efficiency over the years some remain in the realm of inefficiency in the year sampled and few were consistently efficient all through the years under consideration. The downward trend in the efficiency level demands some managerial actions in order to ensure overall efficient resource use in the state’s care system

Figure 4.2 below shows that some facilities that were technically inefficient were found efficient when size of the facilities were accounted for. This is, however, expected because size should naturally affect the operations of any facility. A larger production entity should normally handle more inputs and produce more output than smaller facilities. However, an important question to address is whether, given their sizes, these hospitals utilize their input resources efficiently, that is, with minimum wastages to produce services demanded. 

4.2.5
Scale Efficiency Characteristics of the Hospitals
The need to provide further insight into the impact of hospital size on efficiency motivated the scale efficiency tests. Scale efficiency tests indicate that an hospital may be operating at activity levels that contribute to higher than minimum average costs or most productive scale size. The implication is that while some hospitals could be operating at too large a scale to maximise the productivity of their inputs, other hospitals may appear to be too small and, therefore, exhibiting higher average costs. Table 4.4 below contains the summary result of individual hospital scale efficiency score.
       Table 4.4: Scale of Efficiency Scores for the Ogun State Hospitals

	S/n
	Name
	Scale Efficiency
	Type of Scale

	
	
	2008
	2007
	2006
	2008
	2007
	2006

	1
	General hospital, Iberekodo
	0.55
	**
	**
	IRS
	**
	**

	2
	Community hospital, Isaga
	1
	1
	0.42
	n.s.in
	n.s.in
	IRS

	3
	State hospital, Sokenu
	1
	0.76
	0.47
	n.s.in
	DRS
	DRS

	4
	Oba Ademola hospital, Ijemo
	0.69
	0.8
	1
	DRS
	DRS
	CRS

	5
	Ransome Kuti hospital, Asero
	1
	0.94
	0.99
	n.s.in
	DRS
	IRS

	6
	General hospital, Ota
	1
	0.57
	1
	n.s.in
	DRS
	n.s.in

	7
	General hospital, Itori
	0.18
	0.45
	**
	IRS
	IRS
	**

	8
	General hospital, Ifo
	0.98
	1
	1
	IRS
	n.s.in
	n.s.in

	9
	General hospital, Ogbere
	1
	0.99
	0.98
	n.s.in
	IRS
	IRS

	10
	General hospital, Ijebu-Ife
	0.92
	0.96
	0.96
	IRS
	IRS
	IRS

	11
	General hospital, Ijebu-Igbo
	0.81
	0.96
	1
	IRS
	IRS
	n.s.in

	12
	General hospital, Atan
	0.43
	0.48
	**
	IRS
	IRS
	**

	13
	General hospital, Ijebu-Ode
	0.99
	0.44
	0.7
	IRS
	DRS
	DRS

	14
	General hospital, Iperu
	0.99
	1
	0.99
	IRS
	n.s.in
	IRS

	15
	General hospital, Ikenne
	1
	1
	0.89
	n.s.in
	n.s.in
	IRS

	16
	General hospital, llishan
	1
	1
	1
	n.s.in
	n.s.in
	n.s.in

	17
	General hospital, Imeko
	0.73
	0.53
	0.83
	IRS
	IRS
	IRS

	18
	General hospital, Ipokia
	0.468
	0.68
	1
	IRS
	IRS
	n.s.in

	19
	General hospital, Idiroko
	0.78
	1
	0.97
	IRS
	n.s.in
	IRS

	20
	General hospital, Owode-Egba
	0.51
	0.79
	0.99
	IRS
	IRS
	IRS

	21
	General hospital, Odeda
	0.95
	0.37
	1
	DRS
	IRS
	n.s.in

	22
	General hospital, Odogbolu
	0.89
	0.78
	0.99
	IRS
	IRS
	IRS

	23
	General hospital, Ala-Idowa
	0.71
	0.8
	0.36
	IRS
	IRS
	IRS

	24
	General hospital, Omu
	0.865
	1
	**
	IRS
	n.s.in
	**

	25
	General hospital, Ibiade
	0.39
	0.96
	0.79
	IRS
	IRS
	IRS

	26
	General hospital, Isara
	0.499
	0.7
	1
	IRS
	IRS
	n.s.in

	27
	General hospital, Ode-Lemo
	0.34
	0.7
	0.44
	IRS
	IRS
	IRS

	28
	General hospital, Aiyetoro
	1
	1
	1
	n.s.in
	n.s.in
	n.s.in

	29
	General hospital, Ilaro
	0.88
	**
	0.83
	IRS
	**
	DRS


            Source:  Researcher estimates from CRSand VRS DEA model, 2010

              *n.s.in: No Scale Inefficiency or constant returns to scale
              ** Data not available  
Those hospitals with higher scale efficiency scores have less input wastes attributable to their size. The comparison of the scale efficiency scores of these hospitals revealed that out of the 29 public hospitals in Ogun state in 2008, eight (8) have no scale inefficiency. That is, twenty one (21) hospitals or 72.4% of the sampled hospitals were scale inefficient. Nine (9) hospitals representing 31% of public hospitals sampled had scale efficiency score of less than 60% while 4 hospitals or 13.8% scored 95% or more in 2008. Put differently, 13.8% of the hospitals were operating very close to their optimal size. In 2006 and 2007 analysis, however, the percentage of hospitals operating at less than 60% scale efficiency stood at 16% and 22.2% of the sample.

The average scale efficiencies for the hospitals were 78%, 78% and 87% for 2008, 2007, and 2006 respectively. Our results further show that the average scores for the scale inefficient hospitals were 0.69(2008), 0.72(2007) and 0.79(2006) respectively. The implication of this is that 31 %( 2008), 28 %( 2007) and 21 %( 2006) of input wastes in the state’s hospital system could be traced or attributed to operation at less than optimal size

4.2.6
Types of Returns to Scale in Ogun State Hospitals
Data envelopment analysis permits the explorations of scale inefficiency to determine the type of returns to scale present in each facility. Consequently, we are able to determine which area in the efficiency frontier the hospitals are operating.  The prevailing   situations in the hospitals could be a situation in which a given percentage increase in inputs, for example, through transfer or employment, results in higher percentage increase in outputs. That is, more than proportionate increase in output (increasing returns to scale, IRS); or input increase could result in lower percentage increase in output (decreasing returns to scale, DRS), or the same percentage increase in output levels (constant returns to scale, CRS).

In examining the individual hospital efficiency scores, we are able to determine the nature of scale inefficiency. In other words we are able to determine whether an individual hospital is operating in an area of increasing, constant or decreasing returns to scale. The result of this analysis is shown in columns 6, 7 & 8 under ‘Types of Scale’ in Table 4.4 above. The pattern of scale efficiency of these facilities indicated that about 65.6% of these hospitals were operating with increase returns to scale (IRS), 26.8% with decreasing returns to scale(DRS) and 6.8% with constant returns to scale (CRS) in 2008. Put differently, these hospitals operating under constant returns to scale had no scale inefficiency. This is indicated that 92.4% of the public hospitals in Ogun state were not operating under the most productive scale size. The pattern seemed to have worsened over the previous years where only 29.6 % (2007) and 36% (2006) of the hospitals did not have scale inefficiency whereas 70.4% (2007) and 64% (2006) not operating on the most productive scale size.

It is noteworthy that most of the health facilities in the state were unable to consistently sustain their operating capacity over the years. In the years sampled only general hospitals in Isaga, Ilaro, Ota, Aiyetoro, Ala- Idowa, Odeda, Ikenne, Ogbere, Ijebu-Ode; and Ransome Kuti hospital, state hospital, Sokenu and Ilishan community hospital were able to adjust their capacity to improve their efficiency. This analysis could help reallocate resources from those hospitals operating under decreasing returns to scale (DRS) to those operating with increasing returns to scale. It is probable that the inability to do this might have been responsible for the poor capacity adjustment of some of these facilities to improve their efficiency or minimize the inefficiency resulting from size.

For example, general hospitals in Ode-Lemo, Itori and Oba Ademola hospital, Ijemo with high technical efficiency scores (Table 4.2) ranked among facilities with the lowest scale efficiency scores in 2008. It is possible that these health facilities have input mix that is inconsistent with the relative need of the population, especially within the catchment area. In the presence of increasing returns to scale, expansion of output lowers unit costs. However, increasing the output levels in any of these facilities naturally implies creating an increase in the demand for health care.

4.2.7
Health Input Resources Reduction and Output Increase for the Inefficient Hospitals
The second stage data analysis model (slacks model in chapter 3) enables us to analyse and determine the input and output slacks for the hospitals. These slacks s+, s- indicate the magnitude by which specific input resources in each of the inefficient  hospitals ought to be reduced or its output increased, that is the volume of health services produced can be increased for the hospital to  attain efficiency in its operations. The magnitude of health resources input reduction or output expansion as well as the preferred target inputs to make the inefficient hospital efficient is shown in Table 4.5 below

	Table 4.5

	RESULT OF 2ND STAGE DEA ANALYSIS

	HOSPITALS
	INPUT REDUCTION (SLACKS)

	
	BEDS
	DOCTORS
	NURSES
	HEALTH ATT.

	
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006

	General Hospital, Itori
	17
	17
	 
	 
	 
	 
	 
	 
	 
	57
	57
	 

	General Hospital, Ifo
	1.37
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Ijebu-Ife
	2.35
	12
	 
	2
	1.6
	 
	 
	 
	 
	3.8
	2.6
	 

	General Hospital, Ijebu-Igbo
	 
	 
	 
	1
	0.64
	 
	 
	 
	 
	 
	1.58
	 

	General Hospital, Ijebu-Ode
	6.6
	24
	 
	0.1
	 
	 
	 
	5.6
	 
	 
	3
	 

	General Hospital, Iperu
	31.9
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Imeko
	14
	14
	 
	 
	 
	 
	 
	 
	 
	1
	1
	 

	General Hospital, Ipokia
	 
	 
	 
	 
	0.62
	 
	 
	 
	 
	3.38
	5.2
	 

	General Hospital, Idiroko
	 
	 
	 
	0.22
	 
	 
	 
	 
	 
	2.43
	 
	 

	General Hospital, Owode Egba
	 
	 
	1
	1
	 
	 
	 
	 
	 
	 
	0.12
	 

	General Hospital, Ala-Idowa
	 
	49
	 
	1
	0.7
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Omu
	6.8
	 
	 
	1
	 
	 
	 
	 
	 
	2.5
	 
	 

	General Hospital, Ibiade
	20.8
	31
	 
	1
	 
	 
	 
	 
	 
	 
	2.79
	 

	General Hospital, Isara
	9.618
	7.6
	 
	0.25
	1.4
	 
	 
	 
	 
	0.44
	2.05
	 

	General Hospital, Ode Lemo
	7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Ilaro
	5.13
	 
	16
	0.11
	 
	 
	 
	 
	 
	 
	 
	 

	Oba Ademola Hospital, Ijemo
	 
	5.22
	 
	 
	 
	2
	 
	8.75
	 
	 
	4.46
	 

	State Hospital, Sokenu
	 
	 
	 
	 
	3.95
	 
	 
	18.2
	 
	 
	 
	 

	Ransome Kuti Hospital, 
	 
	3.9
	0.5
	 
	 
	 
	 
	1.09
	 
	 
	 
	 

	General Hospital, Ogbere
	 
	1.12
	 
	 
	0.78
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Odogbolu
	 
	22
	 
	 
	1.5
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Odeda
	 
	 
	 
	 
	14
	 
	 
	 
	 
	 
	28
	 

	General Hospital, Ikenne
	 
	 
	 
	 
	 
	0.2
	 
	 
	 
	 
	 
	10

	Source: Researchers estimates from slack model, 2010




Table 4.6 

	RESULT OF 2ND STAGE DEA ANALYSIS

	HOSPITALS
	TARGET INPUT

	
	BEDS
	DOCTORS
	NURSES
	HEALTH ATT.

	
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007

	General Hospital, Itori
	8
	8
	**
	1
	1
	 **
	10
	10
	 **
	4
	4

	General Hospital, Ifo
	14
	17
	 23
	2
	3
	 6
	17
	19
	 22
	4
	4

	General Hospital, Ijebu-Ife
	25
	12
	 33
	2
	1
	 2
	10.8
	9
	 10
	3
	3

	General Hospital, Ijebu-Igbo
	15
	14
	 42
	2
	1
	 1
	10.4
	10
	 9
	3.65
	4

	General Hospital, Ijebu-Ode
	23.7
	58
	 **
	3
	7
	 **
	18.6
	45
	 **
	4.73
	10

	General Hospital, Iperu
	24.3
	65
	 29
	2
	3
	 2
	12.99
	15
	 8
	3.46
	4

	General Hospital, Imeko
	8
	8
	 17
	1
	1
	 2
	10
	10
	 11
	4
	4

	General Hospital, Ipokia
	17.4
	20
	 24
	1.44
	1
	 2
	7.24
	8
	 1
	3.14
	2

	General Hospital, Idiroko
	15
	23
	 17
	1.09
	2
	 2
	8.5
	13
	 12
	2.83
	8

	General Hospital, Owode Egba
	14.6
	16
	 13
	1.32
	1
	 2
	7.97
	9
	 9
	2.65
	3

	General Hospital, Ala-Idowa
	16
	16
	 18
	1.04
	1
	 1
	8.89
	9
	 8
	1.77
	2

	General Hospital, Omu
	16
	19
	 **
	2
	1
	 **
	7.89
	9
	 **
	3.02
	3

	General Hospital, Ibiade
	19
	 **
	 52
	2
	 **
	 1
	6.93
	 
	 10
	4.62
	 

	General Hospital, Isara
	13.7
	21
	 36
	2
	1
	 3
	6.73
	9
	 12
	3.18
	2

	General Hospital, Ode Lemo
	8
	15
	 10
	1
	1
	 1
	10
	10
	 4
	4
	5

	General Hospital, Ilaro
	18
	** 
	 37
	1
	 
	 4
	8.29
	 
	 19
	2.3
	 

	Oba Ademola Hospital, Ijemo
	 
	13
	 38
	 
	2
	 33
	 
	12
	 37
	 
	5

	State Hospital, Sokenu
	 
	57
	 250
	 
	3
	 22
	 
	14
	 207
	 
	3

	Ransome Kuti Hospital, 
	 
	24
	 26
	 
	2
	 2
	 
	12
	 7
	 
	4

	General Hospital, Ogbere
	 
	13
	 16
	 
	1
	 2
	 
	10
	 22
	 
	4

	General Hospital, Odogbolu
	 
	16
	 22
	 
	1
	 2
	 
	9
	 5
	 
	2

	General Hospital, Odeda
	 
	10
	 
	 
	1
	 
	 
	10
	 
	 
	4

	General Hospital, Ikenne
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


                                                                 Source: Researchers estimates from slack model, 2010
                                                                    ** Data not available
Table 4.7: 

	RESULT OF 2ND STAGE DEA ANALYSIS

	HOSPITALS
	OUTPUT SLACKS (EXPANSION)

	
	OUTPATIENT
	INPATIENT
	DELIVERIES
	ANTE NATAL

	
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006

	General Hospital, Itori
	2539
	1648
	 
	1046
	1415
	 
	712
	59
	 
	4757
	65
	 

	General Hospital, Ifo
	 
	 
	 
	404
	 
	 
	320
	 
	 
	 
	 
	 

	General Hospital, Ijebu-Ife
	 
	 
	288 
	343
	311
	 48
	504
	15
	 
	3
	 
	 73

	General Hospital, Ijebu-Igbo
	 
	620
	 
	667
	53
	 
	606
	 
	 
	2932
	7
	 

	General Hospital, Ijebu-Ode
	 
	 
	 
	 
	163
	 
	488
	 
	 
	 
	47
	 

	General Hospital, Iperu
	 
	 
	 
	 
	 
	 
	498
	 
	87 
	 
	 
	 

	General Hospital, Imeko
	507
	1099
	 673
	714
	1150
	 77
	650
	46
	 
	3946
	58
	 112

	General Hospital, Ipokia
	648
	303
	 
	347
	523
	 
	365
	 
	 
	 
	29
	 

	General Hospital, Idiroko
	 
	
	 
	570
	 
	 
	528
	 
	 
	1069
	 
	 

	General Hospital, Owode Egba
	560
	392
	 
	695
	473
	 69
	445
	 
	 38
	622
	 
	 

	General Hospital, Ala-Idowa
	1070
	356
	 
	 
	215
	 
	535
	28
	 
	 
	 
	 

	General Hospital, Omu
	 
	 
	 
	 
	 
	 
	236
	 
	 
	 
	 
	 

	General Hospital, Ibiade
	149
	66
	 
	101
	 
	 
	124
	 
	 
	 
	 
	 

	General Hospital, Isara
	532
	317
	 
	70
	508
	 
	218
	70
	 
	 
	 
	 

	General Hospital, Ode Lemo
	1871
	 
	 1041
	1225
	 
	75 
	695
	 
	 
	3946
	 
	 

	General Hospital, Ilaro
	 
	 
	 
	383
	 
	445 
	777
	 
	127 
	 
	 
	 

	Oba Ademola Hospital, Ijemo
	 
	589
	 
	 
	 
	 
	 
	 
	 
	 
	90
	 

	State Hospital, Sokenu
	 
	 
	 
	 
	70
	 
	 
	49
	 
	 
	184
	 

	Ransome Kuti Hospital, 
	 
	 
	 
	 
	182
	352 
	 
	27
	123
	 
	29
	 

	General Hospital, Ogbere
	 
	 
	 
	 
	1836
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Odogbolu
	 
	78
	 
	 
	194
	 
	 
	40
	 
	 
	 
	 

	General Hospital, Odeda
	 
	1621
	 
	 
	1698
	 
	 
	45
	 
	 
	42
	 

	General Hospital, Ikenne
	 
	 
	75 
	 
	 
	82 
	 
	 
	18 
	 
	 
	 


                                                      Source: Researchers estimates from slack model, 2010

Table 4.8

	RESULT OF 2ND STAGE DEA ANALYSIS

	HOSPITALS
	TARGET OUTPUT

	
	OUTPATIENT
	INPATIENT
	DELIVERIES
	ANTE NATAL

	
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006
	2008
	2007
	2006

	General Hospital, Itori
	3071
	1873 
	 
	1283
	 2062
	 
	771
	116 
	 
	5026
	160 
	 

	General Hospital, Ifo
	5836
	 2124
	 
	1391
	 2648
	 
	423
	 37
	 
	2347
	 465
	 

	General Hospital, Ijebu-Ife
	4796
	 1674
	 
	691
	 1899
	 
	580
	 109
	 
	624
	 148
	 

	General Hospital, Ijebu-Igbo
	3812
	 1532
	 
	1035
	 1797
	 
	688
	 187
	 
	3245
	 181
	 

	General Hospital, Ijebu-Ode
	7396
	 1704
	 
	1745
	 2004
	 
	634
	 549
	 
	2356
	 694
	 

	General Hospital, Iperu
	5326
	 2342
	 
	1240
	 2564
	 
	567
	39 
	 
	528
	 423
	 

	General Hospital, Imeko
	3071
	 1873
	 
	1283
	 2062
	 
	771
	 116
	 
	5026
	 160
	 

	General Hospital, Ipokia
	1994
	 1268
	 
	662
	 1568
	 
	468
	99 
	 
	617
	 125
	 

	General Hospital, Idiroko
	2848
	 714
	 
	1048
	 1274
	 
	747
	 992
	 
	1943
	 548
	 

	General Hospital, Owode Egba
	2409
	 1437
	 
	746
	 1709
	 
	542
	124 
	 
	1244
	 145
	 

	General Hospital, Ala-Idowa
	2915
	 1016
	 
	746
	 1228
	 
	581
	91 
	 
	234
	 177
	 

	General Hospital, Omu
	2416
	 654
	 
	986
	 648
	 
	372
	 60
	 
	416
	 972
	 

	General Hospital, Ibiade
	1165
	 1299
	 
	417
	1546 
	 
	192
	95 
	 
	395
	223 
	 

	General Hospital, Isara
	1653
	 1204
	 
	491
	 1489
	 
	322
	 93
	 
	1207
	 175
	 

	General Hospital, Ode Lemo
	3071
	 794
	 
	1283
	 1274
	 
	771
	 127
	 
	5026
	 126
	 

	General Hospital, Ilaro
	2974
	 **
	 
	1056
	 **
	 
	814
	 **
	 
	858
	 **
	 

	Oba Ademola Hospital, Ijemo
	 3720
	 1634
	 
	 1225
	 1968
	 
	 
	 315
	 
	 5231
	 304
	 

	State Hospital, Sokenu
	 
	 1974
	 
	 
	 2156
	 
	 
	 123
	 
	 
	 220
	 

	Ransome Kuti Hospital, 
	 
	 1974
	 
	 
	 2170
	 
	 
	99 
	 
	 
	 216
	 

	General Hospital, Ogbere
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Odogbolu
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Odeda
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	General Hospital, Ikenne
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


                                                                Source: Researchers estimates from slack model, 2010

Nurses appeared to be maximally utilised in each of these hospitals such that no reduction in their numbers is required to achieve efficient operations in any of the facilities in 2008. This might be a reflection of the type of care commonly demanded at these hospitals, ostensibly due to the fact care procedures were dominated by nurses rather than complex medical procedures requiring the use of specialized medical skills. However, it is evident from the table above that to deliver health care with minimum input, usage beds capacity in eleven (11) of the inefficient hospitals needed to be scaled down. As could be seen in Table 4.5,  17 beds in general hospitals, Itori, 32 beds (general hospital, Iperu) and 21 beds (general hospital, Ibiade) could be relocated to other hospitals depending on policy makers’ preferences and strive for efficient hospital system in the state. These three hospitals permit the largest bed reduction without negatively impacting on the current efficiency level of these hospitals.
However, a transportation network that can facilitate access between these hospitals could be employed to escape the option of scaling down sizes and beds re- allocation amongst these hospitals. The only cause for worry in this alternative is the problematic nature of transportation system in Nigeria. Layers of investment might be required which would make the option of of inter-hospital resource allocation improvement attractive
Evidently, the number of health attendants in general hospital in Itori exceeds what the hospital require to function efficiently as the target inputs column further indicates. From the examinations of the Table 4.5 above, it is evident there is poor utilisation of health resources in Ogun state, even, against the background of the poor resource endowment in the sector  (Table 4.1).  Possible reduction in doctors’ numbers is possible in 13 hospitals. The input reductions in these facilities, especially, for critical human resource such as doctors will demand creative managerial instincts so as to ensure full or at least increased utilisation of the critical resources that are re-allocated.

Public hospitals have limited control over volume of output in terms of active search for patients. It is not expected that hospitals under the guise of seeking for output increase go out looking for patients. Operations and performance of hospitals can be strengthened if resources are better utilised, consequently, input savings can be injected into other parts of the health system to address the inequities within the system and extend health care to increased number of the populace. For example, health attendant saving could be reasonably re-deployed to the primary care level to strengthen that level. Nevertheless, information on the pattern of output expansion required to achieve efficient frontier for the inefficient hospitals in Table 4.7 above suggests the need for more investigations on the output portfolio of these hospitals. For example, sixteen (16) hospitals or 55% of the sampled hospitals needed to increase deliveries in the portfolio of their activities in 2008.

Furthermore, the computation of the magnitude of inefficiencies at the hospital levels provides a useful managerial insight into the weakest area of performance. And with this information, policy makers and administrators can proactively improve efficiency in health care delivery by recommending and transferring staff to hospitals that are operating under increasing returns to scale. This will improve the operating efficiency of the state’s hospitals and the hospital system’s capacity to respond to the health needs of the people. The ability to identify the weakest area of performance in the hospital  can be illustrated  using the three hospitals with largest beds input slack values and where target reduction in input usage are possible in 2008. General hospitals in Itori, Iperu and Ibiade are illustrated  here as example of how the information provided in Tables 4.5 and 4.6 can assist decision makers in identifying area of weakness in the performance of these hospitals
   4.9 A: General Hospital, Itori

	Health Resources
	Actual
	Target
	Difference between Actual and Target%

	Beds
	25
	8
	68%

	Doctors
	1
	1
	-

	Nurses
	10
	10
	-

	Health Attendants
	61
	4
	93.4%


Source: Computed from Table4.5 and 4.6
4.9b: General Hospital, Iperu

	Health Resources
	Actual
	Target
	Difference between  Actual and Target%

	Beds
	65
	25
	61.5%

	Doctors
	3
	2
	33%

	Nurses
	15
	13
	13.3%-

	Health Attendants
	4
	4
	-


Source: Computed from Table4.5 and 4.6
4.9: General Hospital, Ibiade

	Health Resources
	Actual
	Target
	Difference between Actual and Target%

	Beds
	52
	19
	63.5%

	Doctors
	2
	2
	-

	Nurses
	9
	9
	-

	Health Attendants
	6
	4
	33.3%


Source: Computed from Table4.5 and 4.6
From the above analysis, it does appear that for two of these hospitals, the number of beds is one area that requires the highest percentage change. However in general hospital Itori, though a change is required in the beds capacity, the largest percentage change can be effected with the health attendant employed in care delivery at this facility. The required percentage change in this input is 93.4%. For doctors and nurses no  percentage change is recommended for general hospitals Itori and Ibiade.The performance problem in general hospital  Itori is probably due to using  too much of beds input and health attendant. 

4.2.8   Analysis of the Efficient Hospitals
The efficiency scores derived from this study’s basic data envelopment model suggest that in some of the hospitals considered as delivering health care with minimum usage of resources (i.e, efficient) input reduction is possible without affecting the facilities capacity for health care delivery. In data envelopment analysis literature  a decision making unit, in this case, an hospital is   fully efficient if at the optimal solution,  the slack variables equal zero, that is, si+, sr- =0. An efficient hospital is classified as weakly efficient if at the optimal value of θ*   si+*≠ 0, and/or sr-*≠ 0 for some hospitals. Weakly efficient hospitals can remain efficient while using less of some input or providing more of some of the current outputs.

The data envelopment analysis model for this study revealed that in 2008, public hospitals in Ogun state, that is, general hospitals in Itori, Ifo, Ijebu-Ife, Ijebu-Ode, Iperu, Imeko, Ilaro, Omu, Ibiade, Ode-Lemo and Isara have positive slack values. The implication of this is that management can contract the input usage of these hospitals without negatively impacting on their efficiency ratings or expand their output without additional expenditure of health resource input. This translates to the fact that more resources can be freed from these facilities and injected to the Ogun state’s hospital system without negatively impacting on the facilities loosing these resources. The implication of this is that the state seems to have been wasting opportunities for improving extra person’s health at no additional expenditure. There is, therefore, a moral and ethical burden on the state government and the ministry of health in providing justifications for increasing budgetary vote to the hospital subsector 
Hospitals that are currently efficient without slacks are the fully efficient hospitals such as Ransome Kuti hospital, Asero. However, general hospitals in Itori, Imeko and Ode-Lemo which are indicated in Table 4.2 as being technically efficient are, in real sense, weakly efficient. This is because reduction in one of the health resources (input) is possible without affecting the efficiency status of these hospitals. Table 4.5 indicates the resources that can be reduced in these hospitals. The model revealed that as many as eleven hospitals of the twenty seven included in the study in 2007 are fully efficient.

4.2.9   Benchmarks or Peers for the Hospitals
Data envelopment compares decision making unit and permit selection of benchmark facilities as ‘role models’. A decision making unit is a benchmark for others if at the optimal value of θ*, the weight λ*≠0 for the benchmarking decision making unit (Zhu, 2009). The non-zero optimal λj* represents the benchmark for a specific decision making unit under evaluation. Consequently, the benchmark is the role model against which the facilities under evaluation can compare its operations and emulate in order to become an efficient unit. Maghary and Lahdelma (1995) suggested that, it is worth identifying the number of times that an efficient hospital acts as peers for the inefficient hospitals.

This approach enables us to classify hospitals as either self evaluator, that is, those that are not peers or benchmark for other hospitals; or active comparators (Afzali,2007). Table 4.10 below contains the benchmark analysis of the hospitals and the number of times each efficient hospital serves as benchmark hospital for others. DEAFrontier identifies the hospitals which have been referenced with each hospital thereby facilitating comparison.
       Table4.10: Benchmarks and Peer Counts

	S/n
	Name
	Peers & Benchmarks Facilities
	No of times ref.

	1
	General hospital, Iberekodo
	General hospital, Iberekodo
	4

	2
	Community hospital, Isaga
	Community hospital, Isaga
	5

	3
	State hospital, Sokenu
	State hospital, Sokenu
	1

	4
	Oba Ademola hospital, Ijemo
	Oba Ademola hospital, Ijemo
	2

	5
	Ransome Kuti hospital, Asero
	Ransome Kuti hospital, Asero
	4

	6
	General hospital, Itori
	General hospital, Itori
	6

	7
	General hospital, Ifo
	General hospital, Ifo
	1

	8
	General hospital, Ogbere
	General hospital, Ogbere
	1

	9
	General hospital, Ijebu-Ife
	General hospital, Ijebu-Ife
	3

	10
	General hospital, Ijebu-Igbo
	Ransome Kuti hospital; Gen. Hosp., Itori; Gen. Hosp., I/Ife; Odeda; Gen. Hosp., Ikenne
	0

	11
	General hospital, Atan
	General hospital, Atan
	1

	12
	General hospital, Ijebu-Ode
	Gen. Hosp. Isaga; Oba Ademola hosp.; Ransome Kuti hosp.; Gen. Hosp. Ota; Gen. Hosp. Iperu; Gen. Hosp., Ikenne, Gen. Hosp. Aiyetoro
	0

	13
	General hospital, Iperu
	General hospital, Iperu
	1

	14
	General hospital, Ikenne
	General hospital, Ikenne
	6

	15
	General hospital, llishan
	General hospital, llishan
	3

	16
	General hospital, Imeko
	General hospital, Imeko
	3

	17
	General hospital, Ipokia
	Gen. Hosp. Iberekodo, Comm. Hosp. Isaga; Gen. Hosp. Ikenne.
	0

	18
	General hospital, Idiroko
	Gen. Hosp. Iberekodo, Comm. Hosp. Isaga; Gen. Hosp. Itori, Gen. Hosp. Atan, Gen. Hosp.  Ikenne.
	0

	19
	General hospital, Owode-Egba
	Gen. Hosp. Iberekodo, Comm. Hosp. Isaga; Gen. Hosp. Ikenne; Comm hosp. Ilishan.
	0

	20
	General hospital, Ode-Lemo
	Gen. Hosp. Itori, Gen. Hosp. Imeko, Comm. Hosp. Ilishan
	0

	21
	State hospital, Ilaro
	Gen. Hosp. Ikenne; Gen. Hosp. Imeko, Gen. Hosp. Ibiade; Gen. Hosp. Itori; Ransome Kuti hosp.; Com. Hosp. Ilishan.
	0

	22
	General hospital, Odeda
	General hospital, Odeda
	1

	23
	General hospital, Odogbolu
	General hospital, Odogbolu
	1

	24
	General hospital, Ala-Idowa
	General hospital, Ala-Idowa
	1

	25
	General hospital, Omu
	General hospital, Omu
	1

	26
	General hospital, Ibiade
	General hospital, Ibiade
	2

	27
	General hospital, Isara
	General hospital, Isara
	1

	28
	General hospital, Ota
	General hospital, Ota
	2

	29
	General hospital, Aiyetoro
	General hospital, Aiyetoro
	1


                    Source: Researcher estimates from DEA model 2010

Table 4.10 indicates that eleven (11) of the efficient hospitals in 2008 are self evaluator which indicates that excluding them does not impacts on the efficiency scores of other hospitals in the state. From the Table 4.10 above, equal numbers (11) hospitals are reference hospitals or role models for others. This suggests that excluding these hospitals from our analysis does have impact on the scores of other hospitals. This type of information about comparators facilitates further investigation of hospital characteristics and operating practices which can be helpful in improving health care delivery

From Table 4.10 above, it is evident from the peer count column (column 4, Table 4.10) that some of the apparently efficient hospitals do not appear in the peer groups for other hospitals (self evaluators). There is, therefore, the possibility of these hospitals being deemed efficient by default. However, it is far more likely that the general hospitals in Itori, Ikenne, Iberekodo and Ransome Kuti hospitals, and Community hospital, Isaga are truly efficient because they are peers or benchmarks (evaluators) for four or more hospitals in the sample. Hospitals which appear only in two or three peer groups provide a scope for them to improve their efficiency even though they may, currently, have received efficiency score of 100 per cent.

The graph in Figure 4.3 depicts the hospitals against their peer counts. Hospitals that are evaluators or role models for others are indeed efficient, thus, removing them from the model will impact on the efficiency rating of the peer group or other facilities

Fig 4.3: Benchmarks and Peers Facilities

Source: Table 4.10

In benchmarking, however, it is required that we identify the peer groups, set benchmarking goals and implement benchmarking recommendations (Dash, et al, 2007). Data envelopment analysis handles benchmarking goals as it calculates slacks that specify the amount by which inputs and outputs must be improved for the hospital to become efficient (Table 4.6). For example, the peer group or benchmarks for general hospital Ipokia are general hospitals in Iberekodo, Isaga, Itori, Atan and Ikenne. General hospital Itori is weakly efficient because the hospital, though efficient, can still use less of some inputs while still remaining efficient (Table 4.10) which leaves the facility not as the best benchmark, though Ipokia hospital will still learn much from the analysis of the operations of this facility.
From Table 4.11 below there is only one input slack for general hospital, Ipokia, that is, health attendants. In order for the hospital to become efficient it must reduce health attendants to five (5) while maintaining the current output. Alternatively, the hospital may undertake the difficult options of output improvement. This is because of the presence of slacks in its output namely outpatients, inpatients and deliveries. 

Table 4.11

Peer Group and Benchmarking for General Hospital, Ipokia (Efficiency = 0.72)

	Hosp./slacks
	Beds
	Doctors
	Nurses
	Health Attendants
	Outpatients
	Inpatients
	Deliveries
	Antenatal

	Gen. Hosp. Ipokia
	24
	2
	10
	9
	965
	1045
	99
	96

	Slacks
	-
	-
	-
	4
	648
	347
	364
	-

	Gen. Hosp. Iberekodo
	15
	2
	6
	3
	1332
	311
	220
	342

	Gen. Hosp. Isaga
	20
	1
	8
	2
	2965
	1020
	825
	121

	Gen. Hosp. Itori
	25
	1
	10
	61
	532
	237
	59
	269

	Gen. Hosp. Atan
	25
	1
	8
	7
	744
	484
	86
	384

	Gen. Hosp. Ikenne
	8
	1
	10
	4
	3071
	1283
	771
	5026


Source: Table 4.10 and4.6

In addition, the hospital needs to evaluate the operations of members of the peer group to determine what changes general hospital Ipokia can make in reducing the number of health attendants while maintaining the services offered. Perhaps the health attendants are not being properly trained or scheduled, therefore, requiring more of them to perform the same task that fewer should be able to handle. Similarly, the problem could be as a result of lack of motivation and zeal to task performance is low.

4.2.10   Correlations Coefficient of Explanatory Variables
The Pearson correlation analysis was conducted to investigate the correlations between the variables captured as explanatory variables of hospital efficiency in the study. This is to check for evidences of multicollinearity. Multicollinearity is shown when inter-correlation between the explanatory variables exceeds 0.8; this indicates that a strong relationship exist between the variables. According to Pindyck and Rubbinfield (1998) each parameter   of the collinear variables makes sense if only one of the collinear variables appear in the model.
The correlations matrix below shows that all the explanatory variables are either positively or negatively correlated. However, a strong inter-correlation exists between the input variables: beds, nurses and doctor.Generally the r values exceed 0.9 in all the cases which is indicative of the problem of multicollinearity if all the variables were included in the model. Consequently, bed was dropped as a variable in the analysis and doctors and nurses were entered in hierarchical order. Leaving beds out as a variable in the analysis is justified on the premise that the computation of beds turnover ratio involves the use of beds. Thus, beds could be refered to as being indirectly rather than expressly represented in the analysis

Table 4.12: Correlations coefficients between the explanatory variables and Health Input

	Variable
	1
	2
	3
	4
	5
	6
	7
	8

	Efficiency
	1
	
	
	
	
	
	
	

	Nurses
	.061
	1
	
	
	
	
	
	

	Beds
	-.057
	.919**
	1
	
	
	
	
	

	BTR
	.517**
	.093
	-.026
	1
	
	
	
	

	Doctors
	.117
	.913**
	.94**
	.126
	1
	
	
	

	Population
	.173
	.574**
	.441*
	-.093
	0.57**
	1
	
	

	MarkCon
	.275
	.499**
	.257
	-.005
	.405**
	0.73
	1
	

	Scope
	-.022
	.593**
	.66**
	.54
	.63**
	.278
	.169
	1


** Correlation is significant at the 0.01 level (2-tailed).

    * Correlation is significant at the 0.05 level (2-tailed).

 A moderate relationship was also found to exist between concentrations of health facilities and population which corroborate the suggestions to consider population data in location decisions of health facilities. In addition, correlations coefficient between scope of services offered at the facilities and the input variables were found to be positive (Nurses: r= 0.59, p< 0.05; Beds: r =0.66, p<0.05; and Doctors: r= 0.63, p< 0.05). This is expected since more health personnel will be required to deliver the diverse services offered at the facility

4.2.11 Results of Tobit Regression Model
The results from the Tobit regression analysis performed in the second stage analysis are presented in Table 4.13 below. The dependent variables in the Tobit model are the constant returns to scale model result. The CRS model measures total efficiency with strong disposability of output (Valdmanis, Rosko and Mutter, 2008); that is, all outputs are considered desirable. Therefore, total efficiency = pure technical efficiency (VRS) *Scale efficiency* Congestion.
          Table 4.13 Parameter Estimates of Tobit Regression Model

	Variables
	Parameter
	Coefficients
	Std Error
	Z-statistic
	Prob

	
	
	a
	b
	A
	b
	a
	b
	a
	b


	Constant
	
	0.45
	0.38
	0.18
	0.18
	2.52
	2.14
	0.012
	0.03

	MarkCon
	β1
	0.002
	0.002
	0.002
	0.002
	1.10
	1.24
	0.21
	0.214

	Population
	β2
	2.93E-07
	4.59E-07
	7.6E-07
	7.51E-07
	0.38
	0.61
	0.70
	0.54

	Servscope
	β3
	-0.01
	-0.003
	0.023
	0.021
	-0.52
	-0.14
	0.60
	0.89

	Doctors
	β4
	-0.001
	-0.002
	0.01
	.002
	-0.14
	-0.86
	0.89
	0.39

	BTR
	β5
	0.004
	0.004
	0.001
	0.001
	3.44
	3.59
	0.00
	0.00

	Nurses
	Β6
	-
	-0.001
	-
	0.001
	-
	-.86
	
	0.39


a.  R2= 0.35; adj R2 =0.1764; log likelihood 0.4959; Avg log likelihood 0.0171

b.  R= 0.37; adj R2 =0.198; log likelihood 0.8545; Avg log likelihood 0.0295

Generally, a positive sign of the coefficients β indicates a positive increase in efficiency while negative sign implies a reduction of efficiency. Put differently, positive coefficients are associated with efficiency increase and negative coefficients are related to decrease in efficiency. The result of the Tobit model for explaining the determinants of efficiency scores indicates that beds turnover ratio (BTR) β5, numbers of facilities offering health services in the environment proxied by MarkCon (β1) and population(β2), all have positive impact on hospital efficiency. However, only the coefficient for β5 beds turnover ratio (BTR) is statistically a significant determinant (p<.005)

The result of the Tobit  model (Table 4.13)  suggests that only 17.6% of the variations in the efficiency of  Ogun state hospitals can be explained  by the variables included in the study’s Tobit model adjusted R2  = 0.1764. This is indicative of the need to probe other variables for possible impact on hospital efficiency. However, the signs of the estimated coefficients of the explanatory variables suggest some interesting findings.

The scopes of health services offered have negative impact on efficiency (β3). This is somewhat unexpected. Expectations are that service scope or depths will affect output positively by way of increasing attendance at the facility in terms of more patients demanding the different and diverse health services offered. The β3 coefficient is not statistically significant (β3 = -0.012, p>.10), however, this suggests that most of these services are not actively demanded. Consequently, resources deployed for these services are generally idle and must be kept in expectations of future demand. This poinst to management that diversities of services do not necessarily lead to increased demand in order to ensure prudent resource use rather a new dimension to service planning for the state’s hospital might be required to ensure that varieties of services translate to intense use of health resources. An approach, for example, is for hospitals that are in close proximity to share resources or be made to specialise along some service orientation. This will permit re-assignment of un-utilised staff and better utilisation of critical health resources in the health system

In addition, the negative impacts of service scope on efficiency scores indicate the need to consider the current method of health service planning for the state’s hospitals. There seems to be the need for more autonomy for hospital managers on changing or determination of scope of health services offered. Greater autonomy has the potential of making public hospitals to become similar to those in market system (Uslu and Linh, 2008). Furthermore, the more managerial decisions are under the control of hospital mangers, the more incentive they have to improve efficiency performance. The basis for this suggestion arises from other studies that found positive correlations between autonomy and organisational efficiency of public organisation (Perelman and Pestieau, 1988; Gathon and Perelman, 1992)

The impact of doctors on efficiency of these hospitals was unexpectedly negative on the efficiency scores of these hospitals (β4). The regression results, however, corroborate findings from our DEA models. The DEA results recommended that doctors in the state health system are in excess in some hospitals (Table 4.5). Though doctors are relatively scarce as indicated in table 1, it seems that poor resource allocation and management further limit the efficient utilisation of this critical health resource. There is however, another argument to this negative impact as it relates to the issue of dual practice which may possibly have divided the attention and loyalty of the physician.  Also the states of equipments in these hospitals seem to have limited the use of doctors’ skills and intensive involvement in care procedure. Consequently, nurses seem to be more in use in care delivery. This line of thought have implications for health personnel management when costs and labour substitution in the state’s hospital system is considered
According to common wisdom in business and economic reasoning the numbers of health facilities available should increase the intensity of competition (β1). This rests on the logic that supply in the health facilities will exceed demand precipitating pressures to compete more vigorously for patients (consumers). However, from the regression analysis, its impact on the behaviour of hospital managers seem to be  an incentive for public hospitals to improve hospital efficiency, even though productivity and efficiency hardly constitute a major determinant of wage rate in the public sector. it is also possible that public hospitals enjoyed relatively better health resource advantage that  positively influence health outputs in their favour. As Lambo (1989) pointed out as well patients tend to have more ‘faith’ in these secondary care level hospitals than others or the care costs are significantly lower than any other.
The impact of bed turnover ratio (BTR) is clearly significant in explaining hospital efficiency (β5 =0.005, p <0.005). Bed turnover ratio which measures the productivity of hospital beds represents the number of patients treated per hospital bed within a defined period. The impact of BTR on hospital efficiency here is, however, inconsistent with the findings of Rosko, et al, (1995). Research environment may have accounted for this since Rosko’s et al study was based on data from a developed nation with a more organized health sector. The findings in our study indicate the hospitals that produced more admissions or inpatients outputs from available inputs (beds and health personnel) have higher likelihood of being efficient. This finding implies that the higher the turnover ratio of hospital beds relative to other hospitals, the higher the efficiency of the hospital. Hospitals that admit less complicated cases which require inpatients’ less time of stay in the hospital and therefore are able to admit more patients, might seem to be more efficient.

Finally, the coefficient associated with population (β2) is positive on efficiency but statistically it is not significant. It is important to note that higher populations have more tendencies for higher demand for health care. The concentrations of health facilities to care for large population possibly foster competition and drive for prudent resource use. In any case, given the intensity of use of health services associated with large population, it is reasonable to suggest that intensive use of health resources in response to demand will have some impact. This gives empirical support to the argument for considerations of population data as major input in location of health facilities, particularly hospitals.

4.3
Analysis of Results from Lagos State
4.3.1
Descriptive Statistics of Health Input and Output Variables for Lagos State
Data in respect of twenty (20) out of twenty five (25) public hospitals in Lagos state were complete for the variables required for analysis. These variables largely reflect the health resources endowment at the state’s secondary care level. The data in Tables 4.14 below indicates that Lagos state appeared better endowed than Ogun state in terms of critical health personnel such as doctors and nurses. However, when compared to the commercial activities in the state and the large population these resources can be described as inadequate
On the average, the state has approximately 14 doctors and 56 nurses per secondary care facility. However, the table indicates that there is a wide variation in the size of the state’s secondary care facility as measured by the number of beds. The mean number of hospital beds in the state’s public health facility is approximately 36, with standard deviation of 41 beds (Table 4.14) and the range of beds from 9 to 200.  
Table 4.14:  Lagos summary statistics of Lagos state hospital health activiyies
	
	Doctors
	Nurses
	Admin
	Beds
	Outpatient
	Discharge
	Deliveries
	Antenatal

	Mean
	13.75
	56.25
	78.90
	35.50
	128512.35
	1041.15
	834.20
	7526.00

	Median
	12.00
	43.00
	82.00
	25.00
	93600.00
	866.50
	605.50
	5636.50

	Sum
	275.00
	1125.00
	1578.00
	710.00
	2570247.0
	20823.00
	16684.00
	150520.

	Minimum
	4.00
	16.00
	20.00
	9.00
	12344.00
	51.00
	14.00
	208.00

	Maximum
	35.00
	159.00
	182.00
	200.00
	315312.00
	4154.00
	3145.00
	18139.0

	Std. Dev
	9.04
	43.71
	47.90
	41.37
	88358.03
	919.16
	738.93
	5272.08


Source: computed by the researcher from health data obtained from Min. Of Econ Plan & Budget

Similarly, there is a wide gap in other health input resources used. The hospital with the highest number of nurses, doctors and administrative personnel (the term administrative personnel as used here includes health attendants, accounting staff, engineers in each hospitals) has almost ten-fold more than the hospital which has the least. For example, the general hospital, Orile Agege has a doctor complement of more than eight-fold compared to that of the general hospital, Mushin which has the lowest doctors’ complement of four (4). In addition, the general hospital, Gbagada has a nursing staff complements of almost ten-fold compared to the general hospital, Agbowa and Ketu Ejirin health centre. With reference to the number of administrative staff, the same trend applies. Notwithstanding, a reasonable homogeneity can be said to exist in both the size and resource profile of secondary health facilities in Lagos state.

A cursory examination reveals a wide variation in the activity portfolio of the sampled hospitals (Table 4.14). The data shows that in-between the facilities, over 2.5million patients were seen at the outpatients’ wing of these secondary facilities. This translates to an average of 128,512 outpatients per hospital (Standard dev: 88,358). However, the number of outpatients attendance at Ketu Ejirin health centres fall short of the average. This is somewhat unexpected given the health resource profile of the facility both in terms of beds capacity and doctors complement when compared to similar facilities such as Ijede health centre. Generally, the output profile of the state’s hospitals suggests that while some are underutilized, that is, a proportion of their capacity remaining idle, others can be termed as over utilized a situation which tends to over-stretch the staff in those facilities.
4.3.2 Health Care Activities in Lagos State Public Hospitals (2008)
An examination of the pattern of the output profile in Lagos state indicates a substantial share of outpatients’ activities in the entire hospital activities portfolio. Similar to what obtained in Ogun state, deliveries activities in these hospitals seemed low. Discharges which reflect inpatients admission in these hospitals were not in any way as high as outpatients’ visits. A flow of managerial insight on the data set as depicted in the bar and line graphs in the appendices should provoke managerial actions to remedy the situation as it exists presently. The bar graph clearly depicts the nature of activities in the hospitals (appendices 10-11)
4.3.3 
Technical Efficiency Results of DEA Models for Lagos State
The result of both constant returns to scale (CRS) and variable returns to scale (VRS) models for estimating the efficiency ratings of the state’s secondary care facilities are presented in Table 4.15 below

Table 4.15: DEA MODELS RESULTS FOR LAGOS STATE

	S/n
	Hospitals
	Total Efficiency CRS
	Pure Technical Efficiency VRS

	1
	Lagos Island Mat. Hospital
	1.00
	1.00

	2
	General Hospital, Epe
	1.00
	1.00

	3
	General Hospital, Badagry
	0.64
	0.72

	4
	General Hospital, Gbagada.
	0.61
	0.76

	5
	General Hospital, Ikorodu
	1.00
	1.00

	6
	General Hospital, Isolo
	1.00
	1.00

	7
	General Hospital, Ajeromi
	0.49
	0.54

	8
	General Hospital, Orile Agege.
	0.88
	1.00

	9
	General Hospital, Agbowa.
	0.36
	1.00

	10
	General Hospital, Surulere.
	0.83
	1.00

	11
	General Hospital, Apapa.
	0.39
	0.55

	12
	General Hospital, Ibeju-Lekki
	0.42
	1.00

	13
	General Hospital, Mushin
	0.82
	1.00

	14
	General Hospital, Alimosho
	1.00
	1.00

	15
	General Hospital, Somolu
	1.00
	1.00

	16
	General Hospital, Ifako Ijaye
	1.00
	1.00

	17
	Onikan Health Centre
	0.42
	0.42

	18
	Harvey Road Health Centre.
	0.996
	1.00

	19
	Ijede Health Centre
	0.68
	1.00

	20
	Ketu-Ejirin Health Centre
	0.13
	1.00


Source: VRS and CRS DEA models estimates from Lagos state data
Constant returns to scale models assumes a production process in which the optimal mix of inputs and outputs are independent of the scale of production (Chapter 3). As earlier indicated, the CRS models measures total efficiency with strong disposability of output (Valdmanis, Rsoko and Mutter, 2008); that is, all outputs are considered desirable. Therefore, total efficiency = pure technical efficiency (VRS) *Scale efficiency*Congestion. The estimated efficiency scores from CRS model indicates that only seven (7) hospitals are located on the frontier with efficiency scores of 100 %  (column 3, Table 4.15). Efficiency scores for the inefficient hospitals ranged from 13% to 99.6% indicating the presence of significant amount of inefficiency in the system.

Fig 4.4 below compares the VRS and CRS model results for Lagos state, over eight (8) hospitals or 40% of the sample are efficient under the assumptions of the two models. 


However, consistent with the objective of this stud,y hospital size was assumed to be a factor in the operation of these hospitals. Therefore, the VRS model result (column 4 Tables 4.15) was a major focus in our analysis. Results of the VRS model indicates that five (5) of the state’s owned hospitals were operating with excessive expenditure of health resources. This suggests that these hospitals can reduce their input usage without reduction of their present output. Onikan health centre, for example, with efficiency scores of 43% can contract resources consumption by as much as 58% while maintaining the current output profile. Similarly, the general hospital, Apapa can reduce all input by 45% and still maintain the current output level (Table 4.15 above)

4.3.4     Scale Efficiency Charateristics of Lagos State Public Hospitals
The result of scale efficiency analysis of all the state’s hospital indicate that 35% or seven (7) hospitals included in the sample were operating at optimal plant size with two or three more operating  very close to their optimal size. Interestingly, a substantial proportion of the state’s owned hospitals are scale inefficient, that is, they are either operating at too small size or too large a size 
Table 4.16: SCALE EFFICIENCY AND TYPES OF RETURN TO SCALE OF THE HOSPITALS
	S/n
	Hospitals
	Total Efficiency CRS
	Pure Technical Efficiency VRS

	1
	Lagos Island Maternity. Hospital
	1
	No scale inefficiency

	2
	General Hospital, Epe
	1
	No scale inefficiency

	3
	General Hospital, Badagry
	0.89
	Decreasing return to scale

	4
	General Hospital, Gbagada.
	0.80
	Decreasing return to scale

	5
	General Hospital, Ikorodu
	1
	No scale inefficiency

	6
	General Hospital, Isolo
	1.00
	No scale inefficiency

	7
	General Hospital, Ajeromi
	0.91
	Increasing return to scale

	8
	General Hospital, Orile Agege.
	0.88
	Increasing return to scale

	9
	General Hospital, Agbowa.
	0.36
	Increasing return to scale

	10
	General Hospital, Surulere.
	0.83
	Decreasing return to scale

	11
	General Hospital, Apapa.
	0.71
	Increasing return to scale

	12
	General Hospital, Ibeju-Lekki
	0.42
	Increasing return to scale

	13
	General Hospital, Mushin
	0.82
	Increasing return to scale

	14
	General Hospital, Alimosho
	1
	No scale inefficiency

	15
	General Hospital, Somolu
	1
	No scale inefficiency

	16
	General Hospital, Ifako Ijaye
	1
	No scale inefficiency

	17
	Onikan Health Centre
	1
	Decreasing return to scale

	18
	Harvey Road Health Centre.
	0.996
	Increasing return to scale

	19
	Ijede Health Centre
	0.68
	Increasing return to scale

	20
	Ketu-Ejirin Health Centre
	0.13
	Increasing return to scale


Source: computed by the researcher

Furthermore, by examining the efficiency scores of individual hospitals, we are able to furnish the nature of scale efficiency that permeates these facilities. Put differently, we are able to determine whether an individual hospital is operating in the area of increasing returns to scale or decreasing returns to scale. Table 4.16 reveals the pattern of scale inefficiency of the facilities. Forty percent (40%) of the Lagos state-owned hospitals are operating in the range of increasing returns to scale and 25% operating in the range of decreasing returns to scale. The scale inefficiency patterns suggest the need for managerial action in terms of planning and examination of managerial failures. One plausible managerial action is to downsize hospitals exhibiting decreasing returns to scale in order to shift resources towards those facilities under increasing returns to scale in order to yield efficiency gains in health care delivery for the good of the populace and the state’s health system.

Table 4.15 indicates that the general hospital, Orile Agege and the general hospital, Surulere had a VRS efficiency score of 100%, that is, are located on the frontier being technically efficient. However, the result of scale analysis indicates that even if they perform efficiently with their input use, maintaining their current capacity cast these hospitals in the region of scale inefficiency (Table 4.16). There is, hence, the need to respond to the scale problem in the states hospital using careful planning that ‘right sizes’ these hospitals in line with the output profile. The result will be enormous resource saving that could be employed profitably elsewhere to expand health facilities in the state or deployed to strengthen the primary care level.
However, in a city like Lagos with her population density and commercial activities, downsizing any of the hospitals might pose problems. Therefore, there might be need to consider other options with respect to those hospitals under decreasing returns to scale regime. One managerial action is to focus on improving the output profile of these hospitals or undertake a deeper analysis of the scale type in order to determine and isolate causes which could be addressed at the hospital level or with ministry of health involvement
4.3.5   Input Reduction and Target Inputs for the Inefficient Hospitals in Lagos State
The slack values of the VRS model S+, S-   suggest potential input reduction in some of the hospitals. Transfer and redeployment are a better allocation strategy with these health inputs for the overall benefit of the state’s health system. The magnitude of health resources input reduction and the preferred target inputs to make the inefficient hospital efficient is shown in Table 4.17 below
 Table 4.17:   Input Reduction for Inefficient Hospitals

	S/n
	Hospital
	Input Reduction
	Target Input

	
	
	Beds
	Doctors
	Nurses
	Admin
	Beds
	Doctors
	Nurses
	Admin

	1
	Gen. Hosp., Badagry
	-
	-
	10
	31
	31
	11
	44
	48

	2
	Gen. Hosp., Gbagada
	-
	-
	76
	60
	37
	11
	45
	53

	3
	G H. Ajeromi
	-
	4
	-
	7
	14
	5
	22
	34

	4
	Gen. Hosp. Apapa
	2
	2
	9
	-
	18
	5
	23
	25

	5
	Onikan Health Centre
	-
	-
	-
	3
	25
	6
	25
	34


Source: Estimated from VRS slack model

In Table 4.17 above, in pursuit of efficient service delivery, the number of nurses and administrative staff can be scaled down in the general hospitals at Badagry, Gbagada, Apapa and Onikan health centre. Indeed, a readjustment is required both in the number of beds and doctors in Apapa in order for the facility to deliver health services efficiently. Management of these hospitals or the oversight arm of the ministry of health may equally want to identify area of weakness in the operations of each hospital as in Tables 4.9a, b, c. Identification of peers or benchmarks as in Table 4.10 could also be beneficial for improving the efficiency performance of these hospitals and hedge against avoidable resource lost in the state health care system
4.3.6 Relationship between DEA Efficiency Scores, Health Input Resources and Output
In order to investigate the relationship between hospital efficiency, health resources employed in health services and output gained, these variables were further subjected to correlations analysis. The results are as shown in Table 4.18 below
Table 4.18:
Correlation Coefficients showing relationship between DEA efficiency Scores, 
Health input resources and Output Gained (Lagos state)
	Variables
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Doctors
	1
	
	
	
	
	
	
	
	

	Nurses
	.776**
	1
	
	
	
	
	
	
	

	Beds
	.392
	.16
	1
	
	
	
	
	
	

	Outpatients
	.643**
	.589**
	.019
	1
	
	
	
	
	

	Discharges
	.646**
	.42
	.884**
	.338
	1
	
	
	
	

	Deliveries
	.704**
	.477**
	.824**
	.445**
	.98**
	1
	
	
	

	Ante Natal
	.787**
	.688**
	.624**
	.591**
	.884**
	.921**
	1
	
	

	Efficiency
	.241
	.198
	.188
	.636**
	.484*
	.518**
	.559*
	1
	

	BTR
	.395
	.409
	-.161
	.613**
	.251
	.318
	.45*
	.753**
	1


** Correlation is significant at the 0.01 level (2-tailed).

     * Correlation is significant at the 0.05 level (2-tailed).

An analysis of the correlation matrix table above shows that in varying degrees all the variables are positively correlated except for beds turnover ratio and the number of hospital beds. The input oriented technical efficiency scores for the hospitals exhibit moderate significant relationship with all the output variables. In particular, a significant moderate relationship was found to exist between efficiency of these hospitals and the number of inpatient discharges (r =0.64, p 0.01) and Ante Natal Care (r= 0.56 p<0.01).  This is consistent with expectations that given the health resources endowment, hospitals that attract rich output profile in terms of attending to different categories of patients are more likely to utilise their resource more intensely in delivering required health services. Thus, fewer resources will be idle per unit of time. However, for this group of hospitals in Lagos state, it may be inferred that inpatient discharges and ante natal care seem to be significant in their output profile. The relationship between the input profile and the efficiency scores are low and statistically insignificant which likely points to their direction of poor utilisation of health resources in these hospitals

 However, a strong association was found to exist between beds and deliveries (r=0.82 p 0.01, beds) and discharges (r= 0.88 p=0.01). This is expected because the two output variables require the use of beds. Indeed, this is what hospital beds are kept for.

Furthermore, deliveries (birth) showed a stronger association with another output variable discharges (r= 0.98 p 0.01) than any of the input variables of beds, nurses or doctors. This tends to give credence to the fact that a significant proportion of inpatient discharges are more likely due to deliveries rather than complex surgical intervention or ailments. It could also be that those who were hospitalised on account of impaired role performances kept their beds longer such that beds turnover ratio became quite low. If this assertion is true, then it raises question about quality of care at these hospitals and the skill mix of the hospital staff.

Beds turnover ratio is moderately correlated with efficiency scores indicating the active use of hospitals beds. This suggests that if beds turnover is related to efficiency, one important variable to consider in the staffing patterns of these hospitals is the number of beds. Indeed, the moderate relationship between nurses and doctors seem to corroborate this assertion of securing a reasonable proportional ratio between these health inputs. The relationship between doctors and deliveries and less intensive care procedures as ante natal scare (r=0.79 p 0.01) possibly suggests the involvement in these activities more than complex medical conditions. The Lagos state health system managers might want to consider the question of making the most of highly skilled and more expensive staff in the states health system.

The pattern of observed relationship between these variables in Ogun state is not significantly different from what was observed in Lagos state. Table 4.19 below shows the relationship between efficiency scores, inputs used and output gained in Ogun state.
Table 4.19: Correlation Coefficients showing relationship between DEA efficiency Scores, 
Health input resources and Output Gained (Ogun state)
	Variables
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Doctors
	1
	
	
	
	
	
	
	
	

	Nurses
	.963**
	1
	
	
	
	
	
	
	

	Beds
	.94**
	.919**
	1
	
	
	
	
	
	

	BTR
	.126
	.093
	-.026
	1
	
	
	
	
	

	Outpatients
	.816**
	.829**
	.64**
	.19
	1
	
	
	
	

	Inpatients
	.423*
	.523**
	.233
	.275
	.806**
	1
	
	
	

	Deliveries
	.842**
	.768**
	.735**
	.312
	.693**
	.267
	1
	
	

	Ante Natal
	.86**
	.809**
	.77**
	.326
	696**
	.269
	.954**
	1
	

	Efficiency
	.117
	.061
	-.057
	.517**
	.36
	.291
	.302
	.25
	1


** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

Similar pattern of relationship observed in Lagos hospitals seem to exist between inputs and output variables for Ogun state hospitals. Efficiency is related to beds turnover ratio and has a low but insignificant relationship with other inputs and outputs variables. Expectedly, the input variables of beds, nurses and doctors showed a strong inter-correlations showing that a strong relationship exists. Similarly, deliveries, outpatients and ante natal care are strongly correlated with their ‘r’ values exceeding 0.8. The association between ante natal care and outpatients seem to indicate that ante natal cares possibly share a significant proportion of outpatients’ visits.

4.3.7   Identification of Critical Resources in each Hospital
Management of these hospitals and the organs having oversight that is, Hospital Management Board (Ogun State) and Health Services Commission (Lagos State) need to maintain the best practice for the efficient hospitals and achieve the best practice for the inefficient hospitals. Resources whose changes in value affect performance can be considered critical. Tables 4.20 and 4.21 below contain the result of model 3 in chapter 3. Based on this model, the following situation may result: (a) [image: image103.png]Z; <1



  (b) [image: image105.png]


 (c) [image: image107.png]Z; > 1



 and (d) [image: image109.png]


 may be infeasible. Situation ‘a’ indicates that inefficiency exists in nurses’ use when other input and output are fixed at their current levels. Instances of b, c, and d suggest that there is no inefficiency in the usage of that resource (nurses) for the hospital under reference. Indeed, situation d indicates that the magnitude of nurses across the hospital has nothing to do with the efficiency status of the hospital under evaluation. For that particular hospital, therefore, nurses are not critical to their efficiency status. The Z* values for Table 4.20 and 4.21 below indicate possible inefficiency existence in each associated health input resources when others are  held constant.
 
Table 4.20   Critical Measures for Ogun State Hospital

	Sn.
	Hospitals
	Nurses
	Beds
	Doctors
	Critical Measures

	1.
	General Hospital, Iberekodo
	1.4722
	Infeasible
	Infeasible
	Nurses

	2.
	General Hospital, Itori
	0.8000
	0.32000
	1.000
	Doctors

	3.
	General Hospital, Ifo
	0.83349
	0.77600
	0.62095
	Nurses

	4.
	General Hospital, Ijebu Ife
	0.98592
	0.86497
	0.44906
	Nurses

	5.
	General Hospital, Ijebu Igbo
	0.93414
	0.72845
	0.57217
	Nurses

	6.
	General Hospital, Atan
	1.01340
	Infeasible
	1.05131
	Doctors

	7.
	General Hospital, Ijebu Ode
	0.16150
	0.08376
	0.15324
	Nurses

	8.
	General Hospital, Iperu
	0.86595
	0.22618
	0.54206
	Nurses

	9.
	General Hospital, Imeko
	0.83707
	0.36364
	1.000
	Doctors

	10.
	General Hospital, Ipokia
	0.62348
	0.333
	0.500
	Nurses

	11.
	General Hospital, Idiroko
	0.62592
	0.34783
	0.500
	Nurses

	12.
	General Hospital, Owode-Egba
	0.56399
	0.36364
	0.500
	Nurses

	13.
	General Hospital, Odeda
	1.02993
	Infeasible
	Infeasible
	Nurses

	14.
	General Hospital, Odogbolu
	1.37468
	Infeasible
	Infeasible
	Nurses

	15.
	General Hospital, Ala-Idowa
	0.80902
	0.73237
	0.500
	Nurses

	16.
	General Hospital, Omu
	0.78969
	0.27586
	0.333
	Nurses

	17.
	General Hospital, Ibiade
	0.6717
	0.1875
	0.500
	Nurses

	18.
	General Hospital, Isara
	0.51836
	0.17778
	0.2500
	Nurses

	19.
	General Hospital, Ode-Lemo
	0.8833
	0.5333
	1.000
	Doctors

	20.
	General Hospital, Ilaro
	0.2241
	0.07692
	0.2000
	Nurses


*The model is infeasible for hospitals not indicated; this indicates that some of the inputs measures 

   need to be considered in group.

Table 4.21 Critical Measures for Lagos State Hospital

	Sn.
	Hospitals
	Nurses
	Beds
	Doctors
	Critical Measures

	1.
	General Hospital, Badagry
	0.42306
	0.52438
	0.52358
	Beds

	2.
	General Hospital, Gbagada
	0.22569
	0.55568
	0.63041
	Doctors

	3.
	General Hospital, Ajeromi
	0.53533
	0.43309
	0.27229
	Nurses

	4.
	General Hospital, Agbowa
	1.08409
	Infeasible
	Infeasible
	Nurses

	5.
	General Hospital, Apapa
	0.32819
	0.29354
	0.32318
	Nurses

	6.
	Onikan Health Centre
	0.42031
	0.30050
	0.39509
	Nurses

	7.
	Harvey Health Centre
	Infeasible
	1.03974
	Infeasible
	Beds

	8.
	Ijede Health Centre
	Infeasible
	1.2222
	Infeasible
	Beds


Knowledge of the efficiency levels of each hospital should inform management decisions both at the hospital levels and at the global level for the health system. The quality of management decisions will be enhanced, and less subjective to institutions, if management is furnished with the information as above in Table 4.20 and 4.21, which indicate how the efficiency of the hospitals can be improved if the critical input measure is given pre-emptive priority to change.

Therefore, from the model estimations we found that human inputs of doctors and nurses are the main critical factors for efficiency in Ogun State public hospitals. That is, these hospitals may easily improve their performance if the human resources are given pre-emptive priority to change. Column 6 of Table 4.20 indicates that for most of the hospitals in Ogun State, nurses are critical factor for achieving performance frontier in 55.2% of the public hospitals.

The percentage is 20% of the sampled hospitals in Lagos State (Table 4.21). This finding possibly reflects the activity level in these hospitals and the roles that nurses play in the care process at these facilities. Depending on the nature of care required, nurses could play more prominent roles in care procedures or possibly a tacit approval of poor equipment at these facilities necessitating blocking of complicated cases.

Furthermore, doctors can be considered as critical performance factors for achieving the frontiers in four (4) hospitals in Ogun State and one (1) in Lagos State. Beds are found to be critical performance factors in three hospitals in Lagos State. The implication is that the efficiency status of these hospitals can be significantly altered by improving beds or beds turnover ratio. It seems evident from the above that hospitals in both states exhibit different behaviours inter-state and intra-state wise.

The model results for beds and doctors are infeasible for general hospitals in Odeda, Odogbolu and Iberekodo (all in Ogun State). This suggests that the magnitude of beds and doctors do not affect efficiency status of these hospitals. The same logic subsists for the infeasible column for the general hospitals in Agbowa and Harvey, and Ijede health centres in Lagos State. 

For most of the efficient hospitals, the model had infeasible result; consequently, the result is not shown. However, the implication of this is that for the efficient hospitals, some measures or resources must be considered in group or in combinations to improve on their performance.    
4.4    Comparision of hospital efficiency scores within and across states
An objective in this study is focussed on providing useful insight into the effect of the environment on efficiency performance of hospitals in a developing economy like Nigeria. Therefore, to provide a basis for inference on the effect of contextual variable (location) and organizational variables (management and ownership) on the efficiency performance of hospitals in these states, we compared the efficiency scores from each state. The natural thought is to assume that the efficiency scores of these facilities are the same. 
Public hospitals (secondary care level facilities) in Ogun state are owned by the state while similar facilities in Lagos state are state-owned. However, the oversight organs differs Ogun state hospitals are managed by the State’s Hospital Management Board while the Health Services Commission has oversight over Lagos state hospitals. Therefore, differences in terms of ownership, management and location are evident. Table 4.22 below show the result of Mann- Whitney test of the comparision 
Table 4.22: Mann- Whitney Test of DEA Efficiency by States

	States
	Mean Rank
	Sum of  Ranks of

VRS
	Mean Rank
	Sum of  Ranks of

CRS
	Mean Rank
	Sum of  Ranks of Scale efficiency

	Lagos State
	27.20
	544.00
	26.55
	531.00
	26.88
	537.50

	Ogun State
	23.43
	681.00
	23.93
	694.00
	23.71
	687.50

	Mann-Whitney U
	
	246.00
	
	259.000
	
	252.50

	Wilcox W
	
	681.00
	
	694.00
	
	687.50

	Z
	
	-1.036
	
	-.640
	
	-.776

	Prob(2-taied)
	
	.300
	
	.522
	
	.437


Mann-Whitney test relies on scores being ranked from lowest to highest; therefore, Ogun state with the lowest mean rank suggests that the state has the larger number of health facilities with low efficiency scores. Similarly, Lagos state with higher mean rank indicates that the state has greater number of facilities with higher efficiency scores.

In sum, evidence from Table 4.22 above does not support the view that efficiency measures across these facilities in these states are the same. The Z values for the efficiency measures with the significance level of p=0.3 (vrs), O.52 (crs), and 0.44 (scale efficiency) are not less than or equal to 0.10 in any of the cases under consideration. This is indicative that the result is not significant.

 Consequently, the distribution of efficiency measures across these states’ secondary facilities cannot be said to be the same. This provides reasons to suggest that ownership, location and management have significant effect on efficiency performance of these health facilities. At 90% level of confidence, this result is consistent with the findings of Valdmanis, (1990) and Masiye, (2007) 
Corollary to the foregoing analysis on the strength of availability of data on Ogun state, the need to investigate changes in efficiency measures for public hospitals in Ogun State from 2006-2008 become evident. This is an attempt to evaluate the result of financial, policy and managerial measures in the state’s health system. Thus, it is also safe from the onset to assume that no significant difference in the efficiency scores of the state’s public hospitals over the periods. The result of Kruskal Wallis test is as shown in Table 4.23 below

Table 4.23: Kruskal- Wallis Test of DEA Efficiency by Year

	Year
	Mean Rank of VRS
	Mean Rank of CRS
	Mean Rank of Scale efficiency

	2008
	41.07
	38.05
	38.84

	2007
	39.00
	38.44
	37.50

	2006
	43.08
	47.18
	47.28

	Chi-square
	.472
	2.566
	2.695

	Prob
	.79
	.277
	.26


The chi-square result for the mean rank of pure technical efficiency (vrs), total efficiency (crs), and scale efficiency are 0.47, 2.57 and 2.70 respectively. However, the p values of 0.7, 0.28, and 0.26 respectively which fall outside the acceptable region of p=0.05 or 0.10  provide a reasonable ground to suggest that differences exist in the efficiency measures for public hospitals in Ogun state over the years, even though these hospitals are under the same  over sight management organ. 

The implication of this is that at least one pair of the efficiency measures is not equal and that efficiency measures have changed over the years. Indeed, examinations of the mean ranks for these efficiency measures indicate a downward trend in measured efficiency overtime. This is surprising giving that the number of secondary facilities in the state increased over the years. Could it be inferred that the increase in the number of the state’s general hospitals have promoted wastage in the state’s hospital system? Or could it be that possible changes in financial and managerial measure have promoted inefficiency than being beneficial to the health system?
4.5 Respondents Perspectives on Efficiency
The level of knowledge of the concept of ‘efficiency’ among health professionals and policy makers in the states’ health system will assist in relating to the consciousness of efficiency in the operations and management of health facilities in the states. It is expected that the pursuit of efficiency in management of these facilities will be related to professionals and policy makers’ knowledge and awareness of efficiency. This led us to the following discussion points and corresponding content analysis

First, we clarified the meaning of the concept of efficiency to respondents by seeking their view on what comes to respondents mind when they ponder on the term efficiency or hospital efficiency. Respondents conceived efficiency to mean effectiveness in service delivery. Health professionals and experts analyzed the concept of efficiency as their response to emergency, equipment availability and delivery of good quality health care services to patients; short waiting time, ability to perform health care delivery effectively.   This is efficiency from the perspectives of the health professionals and health experts’and these responses seem to highlight the quality dimension of health care rather than efficiency.
The responses of policy makers to the question of efficiency are not significantly different from the response of the above group. For example, one health planner at the health ministry stated that efficiency is the effective performance of the health care providers, ability to dispense responsibility according to laid down rules and regulation. That is, at the policy level, the word efficiency is equated with effectiveness and alignment with procedures.

From the above, it is evident that both policy makers and health professionals in the state defined efficiency not in terms of relating input to output. This provides a justification to suggest that the lack of emphasis on the pursuit of efficiency as a core goal in the state health system might be due to poor understanding and lack of consciousness of the concept in the mind of practitioners who deliver care and policy makers who plan and evaluate health care delivery in the state. 
In terms of public good or disadvantage, this may translate to less likelihood of stressing efficient care delivery rather, the achievement of health objectives may take pre-eminence over efficient resource usage. Goals would be achieved at rates that may not be competitive with the attendant consequences in poor resource environment like Nigeria. The inefficiency in the states health system is disguised which further creates policy and managerial complacency. Indeed, approaches that may foster resource loss and poor utilisation may likely be adopted unwittingly in planning and resource deployment so long as goal achievement rather than cost of goal achievement is emphasized.

4.5.1 Factors Affecting the Performance of the States Hospitals
Factors identified by respondents can be subsumed under discussions sub-heads such as manpower, equipment, social infrastructure and political interference which represent some of the most strongly articulated variables by both health professionals and policy makers as the major factors that weigh significantly on the performances of hospitals. 
4.5.1.1 Manpower

The argument in respect of manpower range from poor staff orientation towards public/government owned facilities, poor motivation and remunerations and shortage of health professionals. Respondents argued that hospitals’ staff attitude to government ownership of these hospitals connote a sense of government property syndrome which create the sense of lack of commitment’and responsibility towards those demanding health services. A typical health professional comment on health manpower in the states hospital system is ‘shortage of staff lead to high doctor-patients ratio and poor patients-health care providers’ relationship’. 

Corollary to the above is the issue of dual practice. Experts and health professionals are concerned on the current employment situation in which doctors and nurses are allowed to practice in both the states’ hospitals system and private hospitals simultaneously. The concern is captured in the comment of one health professional as follows:

 ‘Dual practices affect our performance because doctors are not around and patients will not wait for unavailable doctors’. 

However, there is another respondent’s opinion among health professionals to the effect that dual practice need not affect efficiency or hospital performance if time is well managed. The problem here, however, is who manages the time: hospital administrators or the professionals involved in dual practice? These views on dual practice indicate the dual practice could have implications for health facilities performance. 

4.5.1.2 Medical facilities and equipment 
Medical facilities and equipment was another factor that respondents referenced as issues affecting the performance of public hospitals in the state. Comments of health professionals and experts on hospital equipment in the state include inadequacy of this equipment, obsolete and poor maintenance with no replacement. A typical respondent’s comment on this factor is as follows ‘the state of this equipment renders (us) the human elements in care delivery impotent even in cases where required knowledge to intervene and restore the patients’ role performances is available’. Another health professional summed the equipment issue this way; ‘Inadequate facilities put- off patients from coming to public hospitals’. These opinions seem to generally suggest the negative impact of the state of equipment in the state hospitals on public patronage in terms of inability to generate reasonable output that justifies the existence of other health resources invested in the facility.

4.5.1.3   Social Infrastructures (electricity and water supply)

The supply of both electricity and water was deemed as irregular for the functioning of hospital facility. This may increase patients’ preferences to undertake complicated procedures in private hospitals, at least, for those who could afford since the necessary infrastructures are provided by the private healthcare institution. 

4.5.1.4   Political Interference
Health experts and policy makers acknowledged that political interference with the hospitals system affect performances. It is argued that facilities are, sometimes, not sited in areas of utmost need but along political considerations. For example, one of the health ministry staff described his concern on hospital location and sitting as hospitals are indiscriminately located without reference to available data that would give positive result

Also, the employment process is   described as being politically influenced:

Political interests are highly considered in employment processes. 

An officer in the ministry summed the political and other problems of the state health system up in these words:

 ‘Political interference in personnel transfer, inadequate funding, involvement of politicians in the recruitment and selection of personnel and inadequate health personnel’.
4.5.2 Respondents Suggestions for Improving Hospital Performance
Respondents prescribed what in their estimations will enhance efficiency performance of the hospital system in the health sector. Some of the suggestions seek to either directly or indirectly influence the demand and supply side of the health system. For example, a respondent recommends public health education and awareness. It is his belief that such step will generate more patronage of the organized health sector.
4.5.2.1 Regulatory Framework

Respondents’ opinion is that the system performance can be improved through tightening of the regulatory framework to restrict or limit the activities of traditional birth attendants (TBA) This option might seem attractive if hospitals share of deliveries or birth were to be considered, especially in Ogun state. However, this suggestion overlooks the government drive for possible incorporation of traditional medicine into the Nigerian health care system. In addition the success of such policy direction will hinge largely on government success in limiting or eliminating both cost and accessibility barriers to the organized medical care.

Some health professionals in the public hospitals suggested reducing ‘the numbers of licenses issued to private providers’. It is argued that these may curb the dual practice by health personnel employed in public health facilities. This suggestion seems to assume that public hospitals can adequately care for the health care demand of the populace. However, not only is this not the case but both in terms of numbers and capacity, the public hospital are limited. Consequently, raising the bar for issuance of licenses to private providers may further alienate significant proportion of the populace from seeking care from the organised health care sector and might increase incidences of self medication

4.5.2.2 Influence of Politics on the Health System
A number of respondents reflected on finding solution to the ‘influence of politics on the health system’. They believed that political considerations on the recruitment and appointment process need to be addressed.  The effect of politics is, according to respondents, reflected in appointments that are sometimes based on recommendation of political lobbyists.  It is, therefore, suggested that hospitals in the public care system should be manned by qualified personnel. This suggests that some hospitals have unqualified staff, possibly in terms of the experience for the job position, in their personnel stock. In addition, it is suggested that locations of public hospitals should be based on needs rather political considerations. This suggestion, however, require a database on which to base location decisions
4.5.2.3 Funding and Infrastructural Issues
 Adequate funding, adequate reward, provision of infrastructure such as electricity and water supply were some suggestions that the respondents put forth as strategies for improving the efficiency performance of the hospitals in these states. These suggestions were not adequately articulated by respondents as to how these variables would lead to efficiency performance of these hospitals. For example, how adequate funding of the hospital system leads to improved efficiency was not elaborated on
CHAPTER FIVE

SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATIONS
5.1   Introduction
This chapter concludes the research work. The objective of the chapter is to provide a summary of the main component of the study in terms of work done, highlights of findings, and policy recommendations. In addition, the chapter discusses the limitations of the research and suggests areas of opportunity for subsequent research.

 5.2    Summary of Work Done
According to Kirigia et al (2006), evidence from African region indicates that the problem of scarcity of resources is compounded by technical inefficiency that leads to wastage of the available resources. The dearth of hospitals and health efficiency studies especially the applications of data envelopment analysis to hospital efficiency in the literature relating to the developing countries of Africa; and the knowledge gap as to the level of efficiency of public hospitals in the overall delivery of health services provide a focuss for this study. This focus is made more relevant by the call by World Health Organisation (WHO) Africa office for vigorous research on efficiency of the health sector (Akazili et al, 2008). Consequently, this study is circumscribed to the examination of hospital efficiency at the secondary care level of the Nigerian health system focusing on two states in the south western part of Nigeria.

The study employed data envelopment analysis (DEA) methodology in analysing the operations of public health care facilities at secondary care level, that is, general hospitals in Ogun and Lagos states. The results of the DEA models are then regressed against some explanatory variables using the econometric tool of Tobit regression to shed light on the determinants of efficiency of these facilities. In any case, the resource endowment of public hospitals makes them a key determinant of the performance of the states’ health system in so far as health service provision is concerned.

Furthermore, in pursuance of the objective of the study, a set of open ended questionnaire was administered on health professionals, officers at the health ministry and health consultants and experts with the objectives of identifying factors that affect the performances of the states hospital. A content analysis of the responses was then carried out.

5.3       Summary of Findings
The description of prior theoretical findings and gaps in the literature have been identified in chapter two, therefore, the basic empirical findings from this study are discussed here. Findings from the descriptive analysis of the resource profile and health activities at the secondary care level in these states revealed a rather poor resource endowment of these hospitals. It is evident from Tables 4.1 and 4.14 that public hospitals in Lagos state appeared richly endowed than the same care level facilities in Ogun State. For example, public secondary health facilities in Ogun state, on average, employed 4 doctors and 19 staff nurses with a mean beds capacity of 38 beds while Lagos state has approximately 14 doctors and 56 nurses and 36 beds per secondary health care facility.

However, a common thread to the secondary facilities in the two states is the wide variations in size and resource profile of hospitals in each state and the poor utilisation of delivery facilities in the portfolio of activities at this care level. A probable reflection of government financial in-flow into the health sector is the low variability between the resource profiles of these hospitals from one year to another in Ogun state. These situations may have remained so because evidence exist that private health care providers seem to have invested more in the health care provision than the government (Soyibo, et  al, 2009)
The output profile for public hospitals in Ogun state indicates higher level of health care activities in each of the hospitals over the period covered in the study. The increase, however, is more in the outpatient wing of the hospitals in both states. Available data suggest higher activities level in Lagos state hospitals, this is moreso because of the population strength of Lagos and the intensity of commercial activities in the state
Furthermore, on the efficiency of hospitals in delivering health services; findings from DEA analysis indicate the presence of substantial degree of inefficiencies in hospitals of both states, In Ogun state, 44.8 
percent of the general hospitals were technically inefficient in 2008; the percentage was slightly over half of the total public hospitals in the state in 2006 (51.8 percent of the state’s public hospitals). The average inefficiency scores ranged from 67 percent (2006) to 70 percent (2008). This result is, however, better than Zere et al’s (2001) study. In their study of technical efficiency and productivity of public sector in South Africa they found the technical efficiency of the hospitals to range between 34-48 percent. The fact was that many of the facilities were not operating at full technical efficiency; this was also the submission of Wrouters (1990) from her application of econometric approach to heterogeneous sample of public and private health facilities in Ogun State to estimate their efficiency. 
The poor utilisation of input resources reflected by the technical efficiency scores was the same in Lagos state; if the total efficiency scores were to be considered for Lagos, 65 percent of the state’s secondary facilities were technically inefficient. This suggests a significant loss in resources in the health sector. This result is consistent with other studies in Sub-Saharan Africa (SSA) which indicates  a  wide prevalence of technical inefficiency in the health system of African countries (Wrouters.1990;Kirigia,et al,2001; Kirigia et al,2004 Renner,et al.2004; Osei,et al, 2005 Masiye,2007 ; Akazili, 2008)

In Ogun state, while some hospitals were able to improve on their efficiency ratings over the years by using available resources more intensely for health care delivery (for example, general hospitals in Ode-Lemo and Imeko, Table 4.2); some remained in the region of decline in efficiency as they utilisedd more resources than they require to produce what they were currently producing; for example, general hospitals in Isara and Ibiade, (see Table 4.4). And, others maintained consistency in being efficient by delivering care with minimum use of health input resources. This result is also consistent with Zere et al (2006) findings from application of DEA on Namibian hospitals.
Furthermore, the study found that a significant number of secondary level facilities in Lagos and Ogun states are not operating under the most productive scale. Put differently, there is a strong prevalence of scale inefficiency in the hospital system of both states. For example, 72.4 percent of Ogun state hospitals and 65% of the sampled hospitals in Lagos are scale inefficient. The average scale inefficient scores in Ogun state hospitals equal 69 percent (2008), 72 percent (2007), and 79 percent (2006); this shows a significant waste of health resources resulting from scale of operation. This is not a most desirable situation for a developing nation like Nigeria that is plagued with poor stock of health resources against increasing health needs.

One explanation for the scale problem of these hospitals is the possibility that politics and factors other than population needs may have played significant roles in their location and determination of their size. However, our findings on the scale problem in these hospitals agree with Renner, et al (2005) findings in Sierra Leone. According to the study, 65% of the health units analyzed were found to be scale inefficient. Again, some hospitals that were technically efficient were found to be scale inefficient. Though these hospitals have been found efficient with their use of health input resources, maintaining their current size cast them in the region of scale inefficient hospitals.

In the health system of these states, increasing returns to scale was found to be the predominant scale type. For instance, 65.5 percent (2008), 51.9 percent  (2007) and 52 percent (2006) of public hospitals in Ogun state were operating under increasing returns to scale in the years indicated. However, Lagos has 40 percent of their hospitals operating under the same increasing returns to scale type. Increasing returns to scale require improving on the output profile in order to lower unit costs by way of increased demand for health care. Admittedly, such endeavour might be beyond a single hospital; however, in the light of the growing population there is much hope that each hospital may proactively adopt strategies to affect its output profile.

In addition, 6.8 percent (2008), 18.5 percent (2007) and 12 percent (2006) of Ogun state public hospitals were operating under the decreasing returns to scale regime. The positive aspect in capacity management of these facilities in Ogun state was the ability of some of the hospitals in adjusting their operating capacity over the years. Approximately forty-one percent (41.4 percent) of the hospitals in Ogun State were able to adjust their capacity to improve on their scale efficiency (Table 4.4). The prevalence of increasing returns to scale as the predominant scale type agrees with earlier study (Zere,et al,2006) but contradicts Zere’s earlier study on South African hospitals (Zere,2000). In 2000, he found decreasing returns to scale to be the dominant on level II and level III hospitals studied. Expectedly, while different operating environment may occasion different efficiency results the fact that a particular scale type dominates the result outcome agrees with the literature. 

Furthermore, findings from the slack model results indicates that though health resources endowment at these facilities can be described as poor, input reduction is possible in some of the hospitals including the weakly efficient hospitals. The magnitudes by which specific resources in inefficient hospitals can be reduced are contained in Tables 4.5 and 4.17. What needs to be done with those excess inputs to enhance efficient delivery of health in the overall health system is an important question for management. The use of those inputs may assist in strengthening the state’s care system or bring about service expansion without infusion of extra resources to the care system.

In the two states, all the critical health resources such as beds, doctors and nurses can be adjusted. For example, beds can be scaled down in general hospitals in Ajeromi and Badagry, among others (both in Lagos state, Table 4.17); and general hospitals in Imeko, Ala-Idowa in Ogun state (Table 4.5). Eleven public hospitals have a need to scale down the numbers of beds in Ogun state in 2008 in order to become efficient in service delivery.

The study further revealed that given the current resource profile at the hospitals, some of the insitution can serve as ‘benchmark’ or ‘role model’ for the inefficient hospitals. However, it is required that we further investigate the characteristics of these role models and the operating environment which seem to have favoured their exemplary performance. In terms of resource usage, hospitals that are benchmark or role model for many others are indeed efficient. Those that are self evaluators and in which input reduction are possible are often weakly efficient which implies that on one or two inputs dimension, reduction is possible.

Ogun state has eleven (11) hospitals that are fully efficient to serve as benchmarks for others (see Table 4.10). However, the best benchmark hospitals are the general hospitals in Isaga, Iberekodu, Itori, Ikenne and Ransome Kuti hospital, each of these hospitals can serve as role model or benchmark for improving others in order to maximize efficiency savings for the inefficient facilities. Other hospitals can learn from some aspects of their operations (table 4.10). Therefore, following the guidance of earlier studies we are able to use the information to identify weakest area of performance as in tables 4.9a, b and c (Afzali, 2007; Dash, et.al 2007)  

5.3.1 Explanatory Variables
Findings from the Tobit regression analysis indicate mixed results with some being consistent with expectations and others inconsistent. Beds turnover ratio which indicate the productivity of hospital beds was found to be the only significant determinant of hospital efficiency in the estimated equation (β5= 0.004, p=0.00). One would have expected that new patients will require more staff time until a new routine can be established (Nyman, Bricker and Link, 1990); consequently, that beds turnover will negatively impact on efficiency. Our findings are inconsistent with Rosko, et al, (1995); ostensibly due to differences in research and operating environment of the hospitals.

The negative impact of service scope or varieties of services offered in the hospitals on efficiency indicates poor demand for some services and idle resources that must be kept in expectation of future demand. While this raises question on the possibility of input-mix that is inconsistent with the relative needs of patients or the populace, it seems profitable to address the issue of autonomy of the hospitals especially with regards to changing and determining service profile at the facility level. In addition, it is interesting to note the negative impact of doctors on hospital efficiency; this finding corroborates DEA results of poor utilisation of doctors within Ogun state care system. And, in Lagos state, the correlations between doctors, deliveries and ante natal care raises the question on the whether they are also fully utilised in the state health system. Tables 4.5 and 4.16 indicate that some facilities have more doctors than they required for performing efficiently. This provides a basis to advance the argument that poor resource allocation and management are an issue that restricts efficient use of this critical resource. 

The impact of population and concentration of health facilities in the immediate geographical coverage of public hospitals in Ogun state were found to be positive on efficiency scores. In essence the existence of other health facilities is an incentive for public hospitals to improve on or be efficient. The concentration of health facilities caring for a growing population health need seems to foster competition that drive  public hospitals to be prudent in the use of available resources. It is, however, likely that the resource advantage and low cost barrier of the public over private facilities make them a choice of the growing population which positively affects their output. This being the situation, the argument for government to be more proactively involved in the health of the populace by bearing increasing proportion of the costs of care for the people or re-introduction of free health programme may be favoured.
5.3.2 Relationship between Health Resource Inputs and Output
Technical efficiency of hospitals correlates positively and significantly with output variables. This seems to show that improving output profile of the hospitals will improve their efficiency. For example, Ogun state hospitals could strive for output improvements specified in the target output in Table 4.8 in order to become efficient. However, as earlier noted, this approach is beyond what may be undertaken by a single facility. This is because it seems out-of-place for hospitals to go out looking for patients. Provision of    functional health facilities is considered a sufficient factor and it is the responsibility of those who need care to seek to it.
Deliveries (birth) and inpatient discharges were found to be strongly correlated indicating that a significant number of inpatient discharges are most likely the result of deliveries rather than complicated medical procedure. This raises questions as to whether these secondary facilities are fulfilling the designed purpose of handling referrals from the primary care level of the nation’s health system or of attending to complicated cases. If missions are not being fulfilled, questions are to be raised as to whether much public good is being served by these hospitals. Or, the prevailing situation might be a reflection of the failure of health care delivery at the primary level where significant proportion of these deliveries ought to have been taken. These thoughts would seem to reinforce Lambo (1989) observations that there is over crowding of secondary facilities in the nations health system because cases that could be handled at primary care facilities are taken to secondary facilities due to patients’lack of faith in the lower level facilities. The truthfulness of these observations could to have implications for resource allocations amongst the three tiers of health administration in the country..
Beds turnover ratio was also found to be strongly correlated with efficiency(r=0.75, p=0.01) outpatients(r=0.63, p=0.01), and Ante Natal (r=0.45 P=0.05). From the analysis of the open ended questions it seems that the lack of policy emphasis on efficiency in the management and operations of these health facilities is premised on the ignorance of the concept both in the minds of health managers and health professionals. Therefore, the absence of clear idea on what constitutes efficiency and the path to efficiency seems to preclude any policy action.
Evidence from the inter-state and intra-state comparision of efficiency scores in the study indicates that hospital efficiency measures across the two states of Lagos and Ogun cannot be said to be the same. The evident differences in these hospitals in terms of ownership, management and location could be partly inferred to have significant effects on the efficiency performance of these hospitals. In addition, the study found that in Ogun state, the mean rank for the efficiency measure over the study period showed a downward trend. This again revealed that though the numbers of hospitals included in the analysis increased with each year, measured efficiency declined. This conclusion possibly questions the oversight function of the state’s hospital management board if, the more the numbers of hospitals managed, the larger the margin of waste. It equally seems to prove that whatever financial, policy and managerial measure adopted over the years may have promoted inefficiency in the state’s hospital system.
5.4      Conclusions.

In view of this study, which has provided an empirically based insight to the efficiency of hospitals in Lagos and Ogun states, we arrive at the following major conclusions: It needs be admitted that secondary health care facilities in Lagos are better resourced than similar facilities in Ogun state, however, there is the prevalence of inefficiency in the hospitals system of the two states. Consequently, the problem of scarcity of resources in the hospital system of these states is also compounded by technical inefficiency that leads to wastage of available the states’ meager resources.

The high variability in observed performance across samples in these states provides strong evidence that the health system suffers significant losses of resources. That is, significant increases in service delivery could be achieved within the existing resources. These inefficiencies naturally constrain government ability to expand health resources to cover larger population due to operating inefficiencies in existing facilities.
In addition, a significant proportion of health input wastes over the years in Ogun  and Lagos states could be traced to or attributed to non-optimal size of the hospitals. Consequently, we can conclude that contraction of input usage is possible in some hospitals or expansion of outputs without additional expenditure of health resources. Put differently, more resources can be released from facilities operating under decreasing returns to scale to those operating under increasing returns to scale. Indeed poor capacity adjustment is much noticed in Ogun state hospital over the three years sampled.

 In terms of managerial actions, the magnitude of excess inputs and output expansions suggest those locations where resources can be better be utilised through transfer or redeployment. With the current state of technology in the states’ health sector and the resource profiles of public hospitals in Ogun and Lagos states, the performances of some hospitals offer hope. These hospitals, by their performances or resource usage, qualify to serve as benchmarks or role models for improving institutional efficiency performance.
With respect to factors affecting hospital efficiency, beds turnover ratio is a significant variable which have implications for hospital efficiency. Thus, we can reasonably infer that hospitals with higher admission and discharge rates have higher likelihood of being efficient. 
Again, services that were available but not demanded, negatively impacted on hospital efficiency

Expectedly, large population supports more health facilities. This is because such a scenario presents a potentially large market for varieties and choice of health services. We can deduce from this study that population data   have implications for hospital efficiency, and that in the same direction as the concentration or number of health facilities in the geographical environment. 
Evidence from the comparision of efficiency scores within and across the states indicates that ownership, management and location of hospitals in these states (Lagos and Ogun states) may have had effect on their efficiency performance. In addition, the inclusion of more hospitals in our analysis in each of the years covered in the study for Ogun State revealed decline in overall measured efficiency of these hospitals. This provides a cause for concern if increasing resource flow into the hospital sector in the state magnifies waste in the system. It is probable; therefore, that some hospitals in the state are using more resources because they are over funded or overstaffed relative to their output profile.

It is also clear from this study that lack of policy framework and objectives which focus on achieving efficiency in health care delivery is partly due to ignorance of the concepts in the minds of policy makers, hospital managers and health professionals. 

5.5
 Recommmendations
The main objective of this study is to shed lights and fill knowledge gap as to the level of efficiency of public hospitals in the overall delivery of health services. Generally, efficiency studies are premised on the assumption that more output can be secured from intense use of the currently available resources. Consequently, the logical recommendation is not that of addition to current input stock in the system but enhancing the system performance through better resource utilisation. Therefore, the following recommendations have been outlined which may be useful in assisting the ministry of health in performing their oversight role and improving on the efficiency performance of hospitals.

The prevalence of inefficiency in the public hospitals in the states indicates the need for managerial interventions from the supervisory agencies that have oversight of these hospitals. Such managerial interventions could be focused on reduction of health input resources from inefficient hospitals and injection of the freed resources to hospitals that are currently making the most of the resources. The injected input savings, consequently, will help address the inequities in the health system and extend care to more segment of the population. 

A range of options may be considered for input reduction and redeployment throughout the hospital system. For example, idle beds may be transferred to more efficient facilities or partnership could be fostered with private providers to use those beds at prices not below the marginal costs. This implies that ‘next neighbour’ private providers which have demand overflow due to inadequate beds capacity can prevent blocking or ‘premature’ discharges of old patients for new patients. This is because unoccupied beds in public hospitals could be hired to accommodate patients under private hospitals’ care. Put differently, private providers may transfer patients to beds in public hospitals while such patients remain under the care of the private provider.

In addition, excess health attendants in some of the facilities may be redeployed to other facilities or to primary health care facilities. In this respect, however, a restructuring of the health system may be required in such a manner that affiliates certain number of primary care facilities to a general hospital with reasonable level of managerial control over the primary facilities residing in the hospitals where they are affiliated. Unutilized resources at the  hospitals can then be easily transferred from a particular general hospital to lower level health care facilities affliated to such general hospital. This will strengthen health care delivery at the primary level and the referral system in the nation’s health system; and resources at both care levels will be maximally utilized. This approach has the advantage of reducing absentee control of the primary facilities by bridging managerial gap between primary facilities and the organ overseeing these facilities.
Doctors are relatively scarce in most developing countries of Africa, therefore, an utilized quantity or number of doctors is considered unacceptable. It is profitable that full utilization of doctors be provided for in order to raise the efficiency of the health care system. We suggest the need to consider the concept of resource-sharing among hospitals that are in close geographical proximity. Telemedicine which promotes the idea of doctors attending to patients that are geographically removed from him may be explored

Furthermore, the problems of scale inefficiencies in the hospitals need to be addressed if the greatest benefit is to be realized from these hospitals. In the light of the fact that the prevalent scale inefficiency in the hospitals in both states is that of increasing returns to scale expansion of output will reduce unit costs in those hospitals under increasing returns to scale. Increasing the level of output requires an increase in the demand for healthcare. Actions to achieve this may be beyond the scope of a single hospital but within the ability of the ministry of health. For example, health policy and strategy which reduce cost barrier ( for example, providing free delivery service  or Ante Natal care costs) would likely improve  the output profile of these hospitals. This observation is of course based on the assumption that attitude to organized medical care will be different if individuals have to pay for care out-of-pocket.

 Furthermore, evidence exists that perceptions of quality of care reduces patients perceptions of risks associated with a health care facility and may potentially increase patients’ patronage. 
Therefore, the governmental organ responsible for managing these hospitals may take the path of provision of tangible evidences of quality, such as, state-o-f-the- art equipment in order to increase capacity utilization. This option may not require additional inflow of financial resources to the system if inefficiency is eliminated or minimized; the extra resources saved can be invested in a range of operational areas such as better quality patient care or new technology. The focus is to improve output of these hospitals.

Another path to tackling the scale inefficiency problem is to consider the option of ‘right sizing’ the hospitals in line with their output profile.  Hospitals that are in close geographical proximity could be merged or synchronised. However, this requires careful planning because this option may pose some political and demographic challenges. The density of the population will have to be considered and the fact that hospitals are sometimes used as political clout may engender residents and political resistance to merger options. We must admit that some areas may also be justified on the account that some areas may incur additional costs in travel expenses and delay in treatment of emergency cases (Zere, 2001; Akazili, 2008).

However, political and residents’ resistance may be mitigated by specializing the hospitals along some treatment procedures. Resources that were otherwise idle can be redeployed to hospitals in dire need of such services. The success of this effort will depend to a large extent on the establishment of effective referral and patients transport system between hospitals affected by the mergers or rationalisation. Again, a centralized hospital may be formed out of the mergers with managerial oversight over others that were scaled down and the telemedicine concept be introduced alongside to improve geographical access to care and reduce patients travel.

At the hospital level, efforts need to be focused on ensuring better utilization of hospital beds. This will ensure better beds turnover ratio, as this study revealed, beds turnover ratio positively impacts on hospital efficiency.

Furthermore, in the wake of the present performance of some of these hospitals which qualifies them to serve as benchmarks or role models, it may be profitable for management to consider undertaking a detailed analysis of the hospital characteristics, operating environment and other attributes that seem to have prompted the efficiency performance of those hospitals. An investigation of the input profile of peer groups vis-a vis the inefficient hospitals will reveal areas that require most attention in health inputs adjustment of the inefficient facilities.

Performance evaluation of these hospitals may involve a multi disciplinary approach to unearth the performance problems. For example, it is likely that some doctors or other health workers have been in a position for years and may have lost ability to effectively treat patients or zeal to perform or incentives, perks and salaries may be lower than is considered acceptable. In such cases, a multidisciplinary approach is required not only to discern the problem but to proffer required solutions that will proactively affect input resources to perform.

The impact of service depth or varieties of health services offered at the  hospitals on efficiency seem to suggest the need for a new service planning model that stress the relative autonomy of hospitals. Increased autonomy for hospital managers on determinations or changing of scope of health services offered has the potential of making public hospitals to become similar to those in the market system. It is intuitively compelling to reason that the more managerial decisions that are under the control of hospital managers, the more incentive they have to improve on efficiency performance. This could extend to giving hospital managers more voice in personnel matters such as recruitment, transfer, among others.

Admittedly, political interference may be difficult to eliminate with respect to personnel recruitment, transfer and the determination of hospital locations, type and size. However, political intervention in the process may be reduced significantly if decisions are based on clear policy frameworks and guidelines. Policy guidelines that details population and statistical data as precondition for the location and size of specific hospital type may be less susceptible to political manipulation. The use of independent consultants for recruitment and selection may possibly reduce political pressure on the organ overseeing these hospitals in the recruitment and selection process, thus, improving the likelihood of hiring hands based on meritocracy 

 The current economic situation in a developing country like Nigeria suggests that it might be more cost-effective to emphasize efficiency as a policy objective. This is to reduce the moral and ethical burden on the government in respect of increasing resource allocation to a sector with proven inefficiency in the management of public-owned resources entrusted. Donor agencies involved in advancing resources to the nation’s health sector will be more assured if such policy initiatives in this direction are followed through.
Policy makers, hospital management board (Ogun) and health services commision (Lagos) would need to assign significant priority to rigorous form of hospital system performance assessment. The need to institutionalize efficiency monitoring within the states’ hospitals information system in evident; this is more demonstrated in Ogun state where inclusion of more facilities in our analysis appeared to worsen overall hospital efficiency ratings. These performance weaknesses that seem to be perasive in the states’ health system render additional resources necessary but perhaps not sufficient in addressing the problems in the system.
This study has demonstrated that the current level and pattern of operating inefficiency of public health facilities is in part a result of ignorance on the part of policy makers, managers and health professional with respect to the concept of efficiency. It may be necessary, therefore, to foster linkage with academic institutions that can enlighten managers and policy makers on efficiency since efficiency holds the key to maximization of benefits from the resources invested in the nation’s hospitals and enhancing government ability to expand health services to cover larger population.  A conscious promotion of and strive for efficiency may redress these anomalies.

5.6
 The Study’s Contributions to Knowledge
The study has contributed to the field of data envelopment analysis and performance evaluation in a number of ways

(1) Empirical investigations of efficiency performance of health facilities in Nigeria using data envelopment analysis, as far as can be determined, has not been done extensively. This study therefore provides an impetus for further discussion on the health sector and DEA application.

(2) The study has demonstrated that data envelopment analysis is a useful tool for identifying the most and least efficient hospitals and strategies for saving resources inputs and/or increasing outputs. Managerial response to the result of data envelopment analysis can produce a good guide for resource allocation. Data envelopment approach in this study yields a more realistic picture for policy makers and hospital managers than setting a theoretical engineering or policy standards that hospitals may or may not be able to achieve

(3) The study has bridged empirical knowledge gap as to the level of efficiency of public hospitals in the overall delivery of health services. Consequently, 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 Ogun and Lagos states and , by extension south west of Nigeria

(4) The study provides insight into organizational and contextual variables that have implications for efficiency performance of public hospitals.
(5) Several limitations are identified in the course of the study which will provide opportunities for future research to expand the horizon of knowledge, and extend the study to other states and parts of the country.
5.7       Delimitations and Suggestions for Further Research
It is important that the limitations of this study be identified so that findings can be interpreted correctly within the context of the study and future studies can improve on these.
 It may be argued that the objective function of health facilities should be to maximize health gains using available resources. Therefore, the ideal output is expected to capture both quantity and quality of lives of those who interact with hospitals. However, data on either Disability- Adjusted Life Expectancy (DALE) or Quality-Adjusted Life Year (QUALY) gained due to health care in each hospital are not available. Consequently, we use proxies that had been used in similar studies.

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 two states in South West Nigeria on the account that complete data could not be obtained for other states after several trials. In other states visited, the data were kept in a format that limits their usefulness for the present study.

In addition, ministry staff were not forthcoming in their responses   to the questionnaire administered to unpack the factors affecting hospital performances. It was decided to leave some of the questionnaires that could not be retrieved after reasonable trials, however, a common thread seem to exist in the responses retrieved as reported in the study.

Another main limitation of the study is the concentration of our efforts on public hospitals and secondary care facilities. Future research efforts are required to extend the study to include sole proprietorship, partnership and missions’ hospital, as well as primary care level facilities. 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.

Furthermore, in the light of the problems of health financing, equity and efficiency confronting public and private sector, there is a need for technical and allocative efficiency studies in public, private and mission hospitals with a view to identifying inefficiencies in individual hospitals and input profile. The present study excludes allocative efficiency due to inability to obtain reliable and complete data on input prices. 

Finally, a DEA based malmquist productivity index analysis to monitor and evaluate changes in efficiency and those changes accounted for by technology, is required. This is not included in the study because of incomplete data for all those hospitals in the study.
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Covenant University
CANAAN LAND, KM 10, IDIROKO ROAD, P.M.B. 1023 OTA, OGUN STATE, NIGERIA (01-7900724, 7901081, 7913282, 7913283 E-mail: contact@covenantuniveraity.com
Letter from the Supervisor

August 3rd, 2009
The Permanent Secretary,
---- Ministry of Health

Dear Sir/Ma,

I wish to introduce Mr Abiodun, A. Joachim who is under my supervision for his PhD degree in Business Administration at the Department of Business Studies, Covenant University, Ota, Ogun State, Nigeria

His study is focused on the efficiency performance of public health facilities in Nigeria. This is a very important study in the light of the escalating disease burden in Sub-Saharan Africa, our stake in the nation’s health sector and the fact that this topic has been little studied in Nigeria. This research is basically academic in nature with a view of studying and maintaining close contact with sectors of the economy

However, it is critically important that he obtain your cooperation in respect of his data needs if he is to get a good result and make meaningful contributions. It is in respect of this that I now solicit your support and cooperation by way of furnishing him with the required data and information. I must, however, emphasise that the data and survey result will remain strictly confidential and are in no way harmful to your operations. The required data and information may kindly be pulled out from your internal records.

I would be grateful if you could do all within your capacity to assist Mr Abiodun, A.J

Thanking you in anticipation

Yours faithfully
Prof. J. F Akingbade

Supervisor
	Appendix 2:     Ogun State Public Hospitals Attendance, 2006

	Hospital
	BedsX1
	DoctorsX2
	NursesX3
	OutpatientY1
	InpatientsY2
	DeliverY3
	Ante NatalY4

	Comm Hosp Isaga
	20
	1
	6
	464
	32
	63
	84

	State Hosp Sokenu
	250
	22
	207
	13735
	4586
	1261
	845

	Oba Ademola Ijemo
	38
	3
	37
	3644
	1695
	779
	4960

	Ransome Kuti Asero
	36
	2
	9
	2674
	19
	17
	673

	State Hosp Ota
	67
	14
	76
	23896
	1287
	628
	1921

	Gen Hosp Ifo
	23
	6
	22
	3645
	979
	190
	1068

	Gen Hosp  Ogbere
	16
	2
	18
	3190
	273
	247
	462

	Gen Hosp Ijebu Ife
	40
	2
	12
	2898
	476
	213
	341

	Gen Hosp Ijebu Igbo
	42
	1
	9
	4824
	488
	127
	318

	Gen Hosp Ijebu Ode
	186
	20
	105
	21292
	2451
	1403
	1805

	State Hosp Iperu
	59
	4
	15
	2583
	405
	109
	983

	Gen Hosp Ikenne
	15
	2
	9
	1818
	187
	48
	414

	Ilishan Com Hosp
	8
	1
	3
	1764
	164
	13
	78

	Gen Hosp Imeko
	22
	2
	14
	1545
	449
	203
	1150

	Gen Hosp Ipokia
	24
	2
	1
	1227
	151
	123
	585

	Gen Hosp Idiroko
	17
	2
	12
	1062
	589
	254
	254

	Gen Hosp OwodeEgba
	14
	3
	10
	3423
	156
	36
	476

	Gen Hosp Odeda
	13
	2
	14
	5587
	159
	63
	447

	Gen Hosp Odogbolu
	43
	3
	10
	2550
	184
	80
	436

	Gen Hosp Ala Idowa
	18
	1
	8
	938
	99
	36
	232

	Gen Hosp Ibiade
	52
	1
	10
	676
	486
	83
	596

	Gen Hosp Isara
	36
	3
	12
	4725
	790
	315
	1136

	Gen Hosp Ode Lemo
	20
	2
	8
	657
	108
	27
	167

	Gen Hosp Aiyetoro
	42
	2
	12
	2641
	1271
	124
	640

	Gen Hosp Ilaro
	90
	9
	32
	4805
	556
	297
	2007


Source: Ogun State Ministry of Health, Abeokuta
	Appendix 3:  Ogun State Public Hospitals Attendance, 2007

	Hospitals
	Beds
X1
	Doctors
X2
	Nurses
X3
	Health
X4
	Outpatient
Y1
	Inpatient
Y2
	Deliveries
Y3
	Ante Natal
Y4

	Comm Hosp, Isaga
	20
	1
	8
	2
	1242
	1546
	94
	121

	State Hosp Sokenu
	300
	35
	171
	16
	1974
	1986
	75
	205

	Oba Ademola Ijemo
	35
	3
	40
	18
	1045
	1968
	315
	214

	Ransome Kuti Asero
	36
	2
	16
	5
	1974
	1986
	75
	205

	Gen Hosp ota
	73
	14
	101
	18
	1618
	1840
	846
	1104

	Gen Hosp Itori
	25
	1
	10
	61
	225
	647
	57
	95

	Gen Hosp Ifo
	17
	3
	19
	4
	2124
	2648
	37
	465

	Gen Hosp Ogbere
	14
	2
	10
	4
	1643
	8
	146
	228

	Gen Hosp Ijebu Ife
	28
	3
	11
	7
	1674
	1588
	94
	145

	Gen Hosp Ijebu Igbo
	16
	2
	11
	6
	912
	1745
	187
	174

	Gen Hosp Atan
	25
	1
	8
	7
	75
	162
	48
	150

	Gen Hosp Ijebu Ode
	186
	15
	114
	29
	1704
	1842
	549
	648

	Gen Hosp Iperu
	65
	3
	15
	4
	2342
	2564
	39
	423

	Gen Hosp Ikenne
	8
	1
	10
	4
	1873
	2062
	116
	160

	Ilishan Comm Hosp
	8
	1
	10
	1
	695
	782
	89
	185

	Gen Hosp Imeko
	22
	1
	10
	5
	774
	912
	70
	102

	Gen Hosp Ipokia
	24
	2
	10
	9
	965
	1045
	99
	96

	Gen Hosp Idiroko
	23
	2
	13
	8
	714
	1274
	992
	548

	Gen Hosp OwodeEgba
	22
	2
	12
	4
	1045
	1236
	124
	145

	Gen Hosp Odeda
	13
	3
	12
	8
	125
	260
	67
	110

	Gen Hosp Odogbolu
	43
	3
	10
	2
	945
	1045
	51
	167

	Gen Hosp Ala Idowa
	18
	2
	10
	2
	645
	992
	64
	177

	Gen Hosp Omu
	29
	3
	10
	7
	654
	648
	60
	972

	Gen Hosp Ibiade
	52
	2
	9
	6
	1232
	1546
	24
	223

	Gen Hosp  Isara
	45
	4
	13
	7
	887
	981
	93
	175

	Gen Hosp OdeLemo
	15
	1
	10
	5
	794
	1274
	127
	126

	Gen Hosp Aiyetoro
	42
	2
	12
	1
	1215
	1300
	301
	315


Source: Ogun State Ministry of Health, Abeokuta

	Appendix 4: Ogun State Public Hospitals Attendance, 2008

	Hospitals
	Beds
X1
	Doctors X2
	Nurses
X3
	Health Attend.

X4
	Outpatient
Y1
	Inpatient
Y2
	Deliveries
Y3
	Ante Natal
Y4

	Gen Hosp Iberekodo
	15
	2
	6
	3
	1332
	311
	220
	342

	Comm Hosp, Isaga
	20
	1
	8
	2
	2965
	1020
	825
	121

	State Hosp Sokenu
	300
	35
	171
	16
	34841
	2109
	4786
	15337

	Oba Ademola Ijemo
	35
	3
	40
	18
	3720
	1225
	1619
	5231

	Ransome Kuti Asero
	36
	2
	16
	5
	8205
	57
	128
	1183

	Gen Hosp ota
	73
	14
	101
	18
	40165
	11346
	968
	3465

	Gen Hosp Itori
	25
	1
	10
	61
	532
	237
	59
	269

	Gen Hosp Ifo
	17
	3
	19
	4
	5836
	987
	103
	2347

	Gen Hosp Ogbere
	14
	2
	10
	4
	3173
	1764
	94
	518

	Gen Hosp Ijebu Ife
	28
	3
	11
	7
	4796
	348
	76
	624

	Gen Hosp Ijebu Igbo
	16
	2
	11
	6
	3812
	368
	82
	314

	Gen Hosp Atan
	25
	1
	8
	7
	744
	484
	86
	384

	Gen Hosp Ijebu Ode
	186
	15
	114
	29
	7396
	1745
	146
	2356

	Gen Hosp Iperu
	65
	3
	15
	4
	5326
	1240
	70
	528

	Gen Hosp Ikenne
	8
	1
	10
	4
	3071
	1283
	771
	5026

	Ilishan Comm Hosp
	8
	1
	10
	1
	2540
	41
	89
	159

	Gen Hosp Imeko
	22
	1
	10
	5
	2564
	569
	121
	1080

	Gen Hosp Ipokia
	24
	2
	10
	9
	1346
	315
	103
	617

	Gen Hosp Idiroko
	23
	2
	13
	8
	2848
	479
	219
	874

	Gen Hosp OwodeEgba
	22
	2
	12
	4
	1850
	52
	97
	623

	Gen Hosp Odeda
	13
	3
	12
	8
	3502
	1723
	524
	745

	Gen Hosp Odogbolu
	43
	3
	10
	2
	2784
	1036
	89
	616

	Gen Hosp Ala Idowa
	18
	2
	10
	2
	1845
	746
	46
	234

	Gen Hosp Omu
	29
	3
	10
	7
	2416
	986
	136
	416

	Gen Hosp Ibiade
	52
	2
	9
	6
	1016
	316
	68
	395

	Gen Hosp  Isara
	45
	4
	13
	7
	1121
	421
	104
	1207

	Gen Hosp OdeLemo
	15
	1
	10
	5
	1200
	58
	76
	1080

	Gen Hosp Aiyetoro
	42
	2
	12
	1
	1986
	421
	24
	656

	Gen Hosp Ilaro
	104
	5
	37
	15
	2974
	674
	37
	858


Source: Ogun State Ministry of Health, Abeokuta

	Appendix 5: Lagos State Public Hospital Attendance, 2008

	Hospitals
	Doctor
X2
	Nurse
X3
	Admin
X4
	Beds
X1
	Outpatients
Y1
	Discharge
Y2
	Delivery
Y3
	Ante-Natal
Y4

	LISM
	23
	48
	147
	200
	99668
	4154
	3145
	18139

	G H Epe
	8
	46
	99
	35
	265615
	720
	532
	4953

	G H Badagry
	15
	74
	110
	43
	79482
	1199
	1107
	8696

	GH Gbagada
	15
	159
	149
	48
	107944
	1447
	1047
	11965

	G H Ikorodu
	25
	119
	109
	19
	315312
	1084
	1327
	11425

	G H Isolo
	27
	98
	108
	31
	253296
	1998
	1704
	14249

	G H Ajeromi
	17
	40
	76
	25
	117526
	611
	349
	3511

	G H Oagege
	35
	147
	182
	33
	256453
	1651
	1354
	15880

	G H Agbowa
	5
	16
	37
	12
	37344
	64
	67
	905

	G H Surulere
	25
	73
	93
	48
	232258
	1785
	1584
	13186

	G HApapa
	14
	59
	45
	37
	86135
	618
	361
	3369

	G H IbejuLekki
	5
	17
	21
	11
	28561
	210
	182
	1821

	G H Mushin
	4
	19
	30
	20
	87532
	447
	402
	4287

	G H Alimosho
	6
	29
	28
	25
	139717
	1099
	869
	10794

	G H Somolu
	6
	20
	37
	18
	83801
	916
	679
	6020

	GH Ifako Ijaiye
	5
	24
	32
	11
	155306
	647
	502
	5253

	Onikan HC
	15
	60
	88
	59
	71449
	1075
	789
	8734

	Harvey Road HC
	10
	40
	58
	13
	71303
	817
	442
	4164

	Ijede HC
	7
	21
	109
	9
	69201
	230
	228
	2961

	Ketu EjirinHC
	8
	16
	20
	13
	12344
	51
	14
	208


Lagos State Ministry of Economic Planning and Budget, Ikeja, Lagos
Appendix 6

Parameters for the Second Stage Tobit Regression Analysis

	Hospitals
	**MktCon
	*Est. Pop
	Scope 
	Doctors
	Nurses

	General Hospital Iberekodo
	89
	131735
	5
	2
	6

	General Hospital Isaga
	89
	131735
	5
	1
	8

	State Hospital, Sokenu
	111
	396
	15
	35
	171

	Oba Ademola Hospital, Ijemo
	111
	396651
	5
	3
	40

	Ransome-Kuti  Hospital, Asero
	111
	396651
	7
	2
	16

	General Hospital,Ota
	182
	328961
	10
	14
	101

	General Hospital,Itori
	23
	152148
	11
	1
	10

	General Hospital, Ifo
	143
	172392
	10
	3
	19

	General Hospital, Ogbere
	36
	85696
	7
	2
	10

	General Hospital, Ijebu Ife
	36
	85696
	7
	3
	11

	General Hospital, Ijebu Igbo
	57
	207696
	5
	2
	11

	General Hospital, Atan
	25
	8376
	5
	1
	8

	General Hospital,Ijebu Ode
	89
	191008
	8
	15
	114

	General Hospital,Iperu
	33
	90054
	6
	3
	15

	General Hospital, Ikenne
	33
	90054
	6
	1
	10

	General Hospital,Ilishan
	33
	90054
	5
	1
	10

	General Hospital, Imeko
	25
	93114
	5
	1
	10

	General Hospital, Ipokia
	76
	196504
	8
	2
	10

	General Hospital, Idiroko
	76
	196504
	4
	2
	13

	General Hospital,Owode Egba
	84
	192154
	4
	2
	12

	General Hospital, Odeda
	44
	125466
	6
	3
	12

	General Hospital,Odogbolu
	27
	143789
	7
	3
	10

	General Hospital, Ala-Idowa
	27
	143789
	6
	2
	10

	General Hospital,Omu
	27
	143789
	6
	3
	10

	General Hospital, Ibiade
	31
	86811
	11
	2
	9

	General Hospital, Isara
	16
	66582
	7
	4
	13

	General Hospital,Ode-Lemo
	74
	224500
	2
	1
	10

	General Hospital, Aiyetoro
	101
	227888
	8
	2
	12

	General Hospital, Ilaro
	23
	181891
	12
	5
	37


Source:  Ogun State Health Bulletin (vol. 3 and unpublished volumes)

                  Ogun State Ministry of Health, Abeokuta

*Population figures are estimates
**Market concentration include registered health facilities in the surrounding environs

*** Scope indicates health services actively rendered in the facility (Health Bulletin)
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Appendix 13: Health Ministry Staff Questionnairre
Department of Business Studies

                                                                                                               
Covenant University, Ota

                                                                                                      
4th September, 2009.

Dear Respondent,

My PhD research focus ‘Quantitative Analysis of Efficiency of Public Health Care Facilities in Nigeria’ is aimed at evaluating the performance and analysing factors affecting the efficiency of public health facilities in Nigeria. We solicit your participation in this study because of your recognised expertise in the field of health, health service management and, or health economics. Therefore, we deeply value and seek your opinion on the issues raised in this questionnaire. This research result will be reported in the form of a thesis towards a PhD degree; however, there will be no details included in the project or presentation which could identify you. We will appreciate if you could answer these questions the way things are and not the way it ought to be 

Thanks for your anticipated cooperation and response

Abiodun, A . Joachim

(Doctoral Student)

QUESTIONNAIRE

1. Your position...............................................      2. Organisation Name.................................................

3. When you think of efficiency (hospital efficiency) what comes to your mind.....................................

....................................................................................................................................................................................................................................................................................................................................

4. Evaluate the performance of hospital managers/CMD at the hospital level in the state in terms of:

    (a) Resource usage................................................................................................................................

    (b) Health management experience.....................................................................................................

         ..........................................................................................................................................................

    (c) Relationship/communication with ministry of health....................................................................

       ...........................................................................................................................................................

5. Describe the existence (and extent) or otherwise of pressure from politician on the ministry of health in respect of:

   (a) Staffing process of the state hospitals..............................................................................................

  (b) Location/siting of hospitals..............................................................................................................

  (c) Development of existing hospitals...................................................................................................

  (d) Funding of the hospitals/health facilities........................................................................................

6. Describe the extent to which the hospital mangers/CMDs at hospital levels have autonomy on:

   (a) Personnel employment process......................................................................................................

.................................................................................................................................................................

   (b) Health service planning....................................................................................................................

   (c) Financial delegation..........................................................................................................................

    (d) Personnel transfer..........................................................................................................................

7. In your opinion what are the main factors affecting the performance of the state’s hospitals (either  inside the hospitals, inside and outside the health system)  ....................................................

.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

8. Do you think the following variables reasonably reflect the key resources used and activities in the hospitals existing in the state:   Doctors, Beds, Nurses, Admin staff; Outpatient, Inpatient, Deliveries, Surgical intervention, Immunisation and health education..............................................

.........................................................................................................................................................

9. How   do the factors identified in 7 above affect the performances of Hospitals in the state...........

.................................................................................................................................................................

.........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

10. What suggestions do you have for improving the performance of public health facilities in the state........................................................................................................................................................

.................................................................................................................................................................

........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Appendix 14: Hospital Managers and Health Experts
Department of Business Studies

                                                                                                         Covenant University, Ota

                                                                                                        4th September,2009.

Dear Respondent,


My PhD research focus ‘ Quantitative Analysis of Efficiency of Public Health Care Facilities in Nigeria’ is aimed at evaluating the performance and analysing factors affecting the efficiency of public health facilities in Nigeria. We solicit your participation in this study because of your recognised expertise in the field of health, health service management and, or health economics. Therefore, we deeply value and seek your opinion on the issues raised in this questionnaire. This research result will be reported in the form of a thesis towards a PhD degree; however, there will be no details included in the project or presentation which could identify you. We will appreciate if you could answer these questions the way things are and not the way it ought to be 

Thanks for your anticipated cooperation and response

Abiodun, A. Joachim

(Doctoral Student)

QUESTIONNAIRE

1. Your position...............................................      2. Organisation Name.................................................

3. When you think of efficiency (hospital efficiency) what comes to your mind.....................................

....................................................................................................................................................................................................................................................................................................................................

4. What are the main factors affecting Public hospitals’ performance in (South West) Nigeria (either inside the hospital, inside and outside the Nigerian health system)

...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

5. Do you think the following variables reasonably reflect the main activities and resources utilised in hospitals: Doctors, Nurses, Beds, Admin Staff, and Outpatient, inpatients, surgical intervention, immunisation and health education................................................................................................

.......................................................................................................................................................

6. Rate each of the factors below on the extent to which you considered them as affecting the performance of public hospitals. 1= least important,         7 most important for performance

(a)   Security situations in the community                      
1      2        3         4        5          6         7  

(b)  Behaviours of medical personnel                             
1      2        3         4        5          6         7

(c)   Non- functional equipment and theatre                   
1      2        3         4        5          6         7

(d)  Hospital ownership                                                 
1      2        3         4        5          6         7

(e) Number/ concentration of hospitals in the community
1      2        3         4        5          6         7

(f)Dual practice (Doctors employed in public hospitals operating private practice)

                                                                                            
1      2        3         4        5          6         7

(g) Public source of electricity                         

1      2        3         4        5          6         7

(h) Public water facilities                                               
1      2        3         4        5          6         7

(I) Poor road network                                                      
1      2        3         4        5          6         7

7. How do you think the factors above can affect hospital performance particularly in South West?

..................................................................................................................................................................

.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

8. Do you consider the funding of hospitals based on activities/performance of the hospital...?

..............................................................................................................................................................

9. How will you evaluate the location of the hospitals in the country (south west) bearing in mind the health needs of the communities.....................................................................................................?

..................................................................................................................................................................

10. What suggestions do you have for improving the performance of public hospital/facilities.......?

........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

11. Do you think hospitals locations are based on valid data on population needs...............................?

.................................................................................................................................................................

Thanks for your participation
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Figure 2.3


Return to Scale
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Figure 2.4


Isoquant: Input-Orientation
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Scatter Plot Representing Peers and Slack Inefficiencies
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Appendix 7: Out-patient Attendance in Ogun State Public Hospitals


2006 - 2008
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Appendix 9: Deliveries in Ogun State Public Hospitals


2006 - 2008
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Appendix 10: Ante-natal in Ogun State Public Hospitals


2006 - 2008








Appendix 11: Line Graph for Lagos State Public Hospitals Attendance, 2008
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Appendix 12: Bar Graph for Lagos State Public Hospitals Attendance, 2008
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