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Abstract 

 
Indian rural health policies and programs do not address significantly to improve the health status to the desired 
level due to lack of efficient evaluation system. This study uses Data Envelopment Analysis (DEA) to evaluate 
relative efficiency of rural health care programs. The technique optimizes the relative efficiency ratio of current 
inputs over current outputs for each decision-making unit (DMU). The multiple inputs and outputs would be 
assessed simultaneously and helps to identify whether the units are performing efficiently or inefficiently when 
compared to the other existing programs. The data was collected from National Rural Health Mission programs. 
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1. Introduction 
India’s achievement in the field of rural health care delivery has been less than satisfactory and those burdens of 
diseases among the rural Indian population remain high. Recognizing the importance of health in the process of 
economic and social development and improving the quality of life of the citizens, the government of India has 
resolved to launch the National Rural Health Mission [1] to carry out necessary architectural correction in the basic 
health care delivery system. The country has created vast public infrastructure of Sub Centers, Primary Health 
Centers (PHC’s) and Community Health Centers (CHC’s) [2]. There is also large cadre of health care providers 
(ANM’s, male health workers, lady health visitors and health assistants male etc.). Yet, this vast infrastructure is 
able to cater to only 20% of the population. Rural India is suffering from long standing health care problem. India 
has 70 million elderly populations over 60 year of age, current rural health policies and programs do not address 
significantly to improve the health status to the desired level. In this context it is necessary to evaluate relative 
efficiencies of the Indian Rural Health Care programs by the use of mathematical programming technique. Under 
constrained resources, an overall evaluation measure of efficiency is especially useful for program management and 
policymaking. 

2. Introduction to DEA 
DEA is commonly used to evaluate the efficiency of number of producers. A typical statistical approach is 
characterized has a central tendency approach and it evaluates producers relative to an average producer. In contrast, 
DEA compares each producer with only the best producers. By the way, in the DEA literature, a producer is usually 
referred to as a decision making unit or DMU. In DEA, there are number of producers. The production process for 
each producer is to take a set of inputs and produce a set of outputs. Each producer has a varying level of inputs and 
gives a varying level of outputs.  Fundamental assumptions behind this method is that if a producer A is capable of 
producing Y(A) units of output with X(A) inputs, then other producers should also be able to do the same if they 
were to operate efficiently. Similarly, if producer B is capable of producing Y(B) units of output with X(B) inputs, 
then other producers should also be capable of the same production schedule. Producers A, B, and others can then be 
combined to form a composite producer with composite inputs and composite outputs. Since this composite 
producer does not necessarily exist, it is typically called a virtual producer [3]. 
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The heart of the analysis lies in finding the “best” virtual producer for each real producer. If the virtual producer is 
better than the original producer by either making more output with the same input or making the same output with 
less input then the original producer is inefficient. The subtleties of DEA are introduced in the various ways that 
producers A and B can be scaled up or down and combined. Charnes, Cooper, and Rhodes introduced DEA to 
estimate efficiency of DMUs. It is a nonparametric approach which determines a piecewise linear efficiency frontier 
along the most efficient companies to derive relative efficiency measures of all other companies. DEA is used by 
many people in different sectors since the methods are applied and interpreted very easily. DEA identifies an 
efficient frontier made up of the best practice firms and uses this curve to measure the relative efficiency scores of 
the least efficient firms. As an advantage, it does not require specification of a production or cost function. It allows 
us to calculate the technical efficiencies which could be decomposed into scale, congestion, and pure technical 
efficiencies. For evaluating the relative efficiency of not-for-profit entities this has been advanced as an appropriate 
and easy method, because it is able to handle multiple inputs and outputs simultaneously. DEA is a unique method 
to generate relative-efficiency information not usually available from other methods, including the relative 
efficiency ratio and the amount and source of relative inefficiency in decision units. However, it is not so familiar to 
health services researchers. These DEA literature, emphasize the strengths of DEA in evaluating efficiency within 
relatively homogeneous groups of decision units [3, 4] [5-14].  
 
The objective of our study is to examine whether DEA yields useful information when applied to extremely 
heterogeneous health activities, namely rural health care programs. Data Envelopment Analysis (DEA) uses 
nonparametric deterministic mathematical programming to optimize the relative efficiency ratio in each decision-
making unit (DMU) such as organization, program, service, that utilizes similar inputs to produce similar outputs 
when compared to a peer group of DMUs. The mathematical model and theoretical base   model of DEA have been 
mentioned in many articles. The efficiency of any DMU is obtained by using a nonlinear programming model, as the 
maximum of a ratio of weighted outputs to weighted inputs subject to the condition that the ratio for every DMU be 
less than or equal to unity. Those programs with a positive efficiency ratio of less than 1 are defined as "inefficient" 
compared to programs with an efficiency ratio of 1. Those health programs with an efficiency ratio of 1, while not 
necessarily efficient in the absolute sense, represent the "best-practice" units when compared with other programs in 
their subset. A rural health program that is found to be relatively efficient, for instance, may still be able to innovate 
and improve its operating efficiency. In other words, a rural health program that is found to be inefficient will have 
inefficiencies at least as large as the amount determined by DEA. Hence, DEA methodology is considered 
conservative in measuring efficiency [4] [15-19]. 
 
3. Framework of the Study 
The application of DEA is to evaluate relative efficiency of Rural Health Care Programs. The data’s were collected 
from NRHM centre, District health office Chikmagalur District, Karnataka, India. Questionnaire techniques was 
used to gather detailed information about Rural Health centre programs such as provider a characteristics, scope of 
services, provider stability and productivity, revenues and costs and administrative and financial polices. The 
database includes 93 randomly selected programs of NRHM (2008-2010). 
      
3.1 Output and Input Variables  
Only two main categories are considered in a DEA model: input and output. This study model has controllable and 
uncontrollable variables. Input controllable and uncontrollable variables (v1, v2 --vn). Output controllable and 
uncontrollable variables (u1, u2--un). Health programs that produce more outputs with given inputs are considered to 
be relatively more efficient. For our study, outputs can be any product of the rural health program, such as services 
provided and patients served. As mentioned previously, inputs can be any factors that affect significantly the 
production of outputs. According to previous studies potential input and output variables were identified and 
justified. To select no redundant output variables, correlation analysis was used. From these output variables as 
dependent variables, input variables were selected from the results of correlation and stepwise regressions. Then 
controllable (discretionary) and uncontrollable (nondiscretionary) inputs and outputs were considered by classifying 
the selected inputs and outputs according to their relationship to managerial decisions. 
 
The rural primary health care programs are heterogeneity in nature; it was evident not only in their outputs but also 
in their inputs. Most of the variables used in this study had coefficients of variation (s.d./mean) greater than 100 
percent. Accordingly, all of the uncontrollable input variables were classified into two or three (0-1) categories in 
order to limit the range of peer programs that belonged to the same comparative group. The common major services 
in rural primary health care programs are medical services. Since no direct measure of quality of medical services 
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was available in the data set, the provision of medical services was considered by type of provider, instead of an 
aggregated measure for all medical services. For this study, we used three main types of health care providers: 
doctors, ANMs, Health assistants. In addition to the three medical output measures, "total encounters," the 
summation of medical other encounters was considered as an "uncontrollable" output in the DEA model. This 
methodology took total volume of the program into account in the efficiency comparisons and allowed consideration 
in the model of other non medical services that the center produced. 
 
The input factors used in the model were: Doctors (DOCs), ANMs, health workers male, Health workers female, 
Nurse-Midwife, Health assistants, Administrative staffs, Lab assistants, service area population size, age of program, 
percentage of users under 4 years old. The service area population size and the percentage of users under 4 years old 
were used as control variables of users health need (or demand).The program performance is depends on the age of 
program, because the younger programs may have managerial strategies different from those of well-organized 
programs.  
 
4.  The DEA Model 
Among 93 programs of National Rural Health Mission (NRHM) in the data set, only 53 have complete data 
(including 0) for each chosen variable; further, only 27 of them provided services by Doctors (DOCs), ANMs 
(Auxiliary Nurse Midwife), Health Workers male, Health Workers female, Nurse-Midwife, Health Assistants, Lab 
Assistants, service area population size, age of program, percentage of users under 4 years old. Those programs that 
contained zero values in controllable input and output variables were not used due to technical difficulties in the 
LPP software. Therefore, only 27 programs were used to test the applicability of DEA, since the representativeness 
of the programs is not an issue in DEA. The empirical model for a rural health care center k (DMUk) can be 
presented as follows: 
 
 The Objective is to: 
 

Subject to  
hj ≤ 1, j =1, 2, . . . 27, 

0 < ∈ ≤ u1 …… u4 and    
0 < ∈ ≤ v1 …… v9    

where 
hj= the efficiency ratio for any DMUj; 
j= 1, 2,. . .,27; 
u's and v's = artificial weights generated from the 

model; 
∈ = a non-Archimedean infinitesimal 
 
 
 
                

 
 
5. The Program Efficiency Relationships 
To summarize the program efficiency relationship, the data base had been classified into three categories according 
their operational characteristics of the rural health care center programs such as sub centers (SCs), primary health 
centers (PHCs), and community health centers (CHCs). 

 
5.1. Efficiency Relationships between Rural Health Care Centre’s (SCs, PHCs and CHCs).  
The operational characteristics the rural health care center programs in the data base had been classified into three 
categories: sub centers (SCs), primary health centers (PHCs), and community health centers (CHCs). Table 1 shows 
that the Sub Centers and PHCs have a higher proportion of efficient programs, the CHCs have a higher proportion of 
inefficient programs.  
 
The rural health care center programs in the data base had been classified according to their operational 
characteristics 0 into three categories: sub centers, primary health centers (PHCs), community health centers 

Max hK 
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Controllable 
 
 
Uncontrollable 

u1 DOC’s Encounters 
 u2 Health Asst. Encounters  
u3 ANM’s Encounters  
 
+u4 Total Encounters 
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Uncontrollable 

 
v1 DOC’s 
v2 ANM’s  
v3 Health workers Male  
v4 Health workers Female 
v5 Nurse – Midwife  
v6 Administrative staff s 
 
v7 Population size  
v8 Age of Program  
v9 Users Age  
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(CHCs). Despite use of different variables and methods, findings in this study were consistent with the former 
evaluations. Table 1 shows that the Sub Centers have a higher proportion of efficient programs, the CHCs have a 
higher proportion of inefficient programs, and the PHCs are in between.  

 
Table 1: Relationship between program efficiency and rural health care centers (sub centers, PHCs and CHCs) 

Health care centers Number/Percent of Programs Total 
Efficient Programs Inefficient Programs 

Sub Centers  06/ 66.66 03 / 33.33 09 

CHCs 03/ 42.87 04 / 57.13 07 

PHCs 07/ 63.63 04/ 36.36 11 

Total 16 / 59.25 11 / 40.74 27 

 

5.2 Efficiency Relationships between Rural Health Care Centre’s and Population size. 
Table 2 shows the distribution of efficient programs as related to population size and Health Centers.  Service area 
population size is related to the forms of Rural Health Care Centers. Most CHCs were located in comparatively 
populous service areas, and most PHCs in communities with smaller populations. With the exception of two PHCs, 
all programs serving small populations were efficient, if not self-evaluators, regardless of their Health Centers. The 
proportions of efficient and inefficient programs in medium and large population areas were similar.  The only two 
inefficient programs in small population areas were PHCs, and the only PHC in a large population area was also 
inefficient. While the only inefficient Sub Centers was located in a large service area, one inefficient program in 
large service area were CHCs.  
 

Table 2 : Distribution of efficient programs by population size and types of health centers 

Population Size 
Health care centers program 

(number efficient programs/number programs) 
SC CHC PHC Total 

Small 2/2 2/2 5/7 9/11 
Medium 2/2 1/2 2/4 5/8 
Large 2/3 2/3 1/2 5/8 

 
6. Results and Discussions 
This empirical model generates a scalar efficiency ratio and identifies a group of comparative DMUs for each 
program. Those programs with a positive efficiency ratio of less than 1 are declared as "inefficient" compared to 
programs with an efficiency ratio of 1. In this study health programs with an efficiency ratio of 1, while not 
necessarily efficient in the absolute sense, represent the "best-practice" units when compared with other programs in 
their subset. Among the 27 programs, 16 had an efficiency ratio of 1 compared to a reference set of DMUs and no 
slacks; these were then classified as efficient. Eleven were inefficient since their efficiency ratios were less than 1. 
DEA identified the relatively more efficient programs and provided the user to differentiate efficient programs with 
the other programs.   
 
7. Conclusion and Future Enhancement 
This paper provides an effective and practical approach for evaluating relative efficiency of Indian rural health care 
programs especially useful for program management and policy making. It also addresses the correction in the rural 
health care delivery system to improve the quality of life of the citizens and for the economic and social 
development of the nation. The future enhancement of this study is to introduce “Business Process Reengineering” 
technique to redesign the inefficient programs to  enhance productivity in Indian rural health care delivery system. 
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