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Aims:  

1. To understand the use of health and facility data for measuring the performance of health care 
provision in rural India, focusing on the state of Karnataka. 

2. To use simple econometric efficiency measurement tools, such as the Data Envelopment 
Analysis (DEA) method based on linear programming, to quantify the technical and scale 
efficiencies of Indian rural primary health care facilities. 

3. To understand the role that data collected routinely by health information systems can play in 
improving the efficiency of health care provision. 

4. To draw conclusions from the analysis about input and output increases required to make health 
care provision more effective in rural India.    

 

Background: 

The overall aim of the project was to examine how best to use the routinely collected health facility and 
outcomes data gathered by the district-level health management  information system, HISP, to support 
rural health planning in the State of Karnataka. Although it was felt that to enhance the efficiency of rural 
health centres, planners ultimately need to develop methods to tackle the problems of accessibility, 
acceptability, intensity of use and compliance with medical instructions, quality of care, accountability, 
costs and community ownership, this clearly depends on developing reliable prior knowledge of the 
existing efficiency levels of these primary health cares. This pilot project was designed to introduce Data 
Envelope Analysis (DEA) as a tool for measuring the relative efficiency of primary health centres (PHCs) 
in the state of Karnataka. A specific objective was to combine this tool with the district-level health data 
gathering software tool, HISP Karnataka (www.janaarogya.org), in order to understand how routinely 
collected health data can be used to improve the management of primary healthcare provision. A 
secondary aim was to compare the technical efficiencies of PHCs administered wholly by the 
Government versus those of PHCs administered by the NGO, Karuna Trust, as a first step in uncovering 
possible factors that may govern the efficient working of a rural indian primary health centre. 

The study was carried out as joint work between the Indian Institute of Management Bangalore, Karuna 
Trust, London School of Economics and Imperial College London as part of British Council Delphe 
project between these institutions.  

 

Methods: 

Data 

Health facility data from 8 Government run PHCs and 12 Karuna Trust governed PHCs were analyzed 
and compared in this pilot study (Table 1). Data on several key inputs and service outputs from these 
Decision Making Units (DMUs) were obtained directly from HISP and where gaps were found by follow-
up field visits to the relevant PHC carried out in the summer of 2009. We attempted to match the 12 
Karuna Trust PHCs with corresponding Government PHCs from the same taluka or at least the district 
but because of difficulties in obtaining data from the latter PHCs, we managed to match PHCs only in 
Northern Karnataka (Table 1). 

https://icex.imperial.ac.uk/owa/redir.aspx?C=f9d206780d1d4c8484c73eecc79f2eb2&URL=http%3a%2f%2fwww.janaarogya.org%2f


Table 1. List of DMUs (Primary Healthcare Centres) used in the study by region of Karnataka 

 

Karuna Trust (N = 12) Government (N = 8) 
Southern Karnataka (n = 8) 
Sugganahalli, Rural Bangalore Javanagondanahalli, Chitradurga 
Thithimathi, Kodagu Vatadakosal, Chikballapur (Kolar) 
Dindavara, Chitradurga  
Mallapura, Davangere  
Pattanayakanahalli, Tumkur  
Kammasandra, Rural Bangalore  
Northern Karnataka (n = 12) 
Ashok Nagara, Belgaum Ambalga, Gulbarga 
Sriramarangapura, Bellary Galagali, Bagalkot 
Nandikeshwara, Bagalkot Hurina Hipparagi, Bijapur 
Kohinoor, Bidar Matala, Bidar 
Galigihulkoppa, Dharwar Sudi, Gadag 
Kannura, Bijapur Hosalli, Bellary 

Selection of inputs and outputs data 

The choice of input and output variables for the DEA analysis was guided in part by previous DEA 
healthcare studies in low-income countries, i.e. from the African region, and the availability of data. 
Briefly, inputs in health centre production were classified as clinical staff (numbers of doctors and nurses), 
non-clinical staff (numbers of pharmacists, auxiliary nursed midwifes – ANMs, block health educators, 
male health workers, and numbers of laboratory technicians), and number of inpatient beds. Outputs 
were classified into outpatient visits, number of antenatal care visits, number of institutional deliveries, 
number of children immunized, and number of family planning visits.  

The primary data presented here are for 2006, although we also gathered data for the years 2007 and 2008 
for analysis of longitudinal trends.  

Analysis 

All analyse were carried out using the DEAFrontier software. 

 

Preliminary Results:  

General description of study DMUs 

Table 2 represents the mean and standard deviations of the inputs and output variables of the 20 primary 
healthcare centres. Interesting, except for outpatient visits (higher in KT PHCs), antenatal care visits 
(higher among Govt PHCs) and family planning visits (higher among KT PHCs), statistics on all other 
categories do not appear to differ appreciably between the two types of PHCs studied in this project. 



 

Table 2. Means (M) and Standard Deviations (SD) for Primary Healthcare Centres 
Managed by Karuna Trust (NGO) and the Government of Karnataka 

Mean (M) Standard Deviation (SD)
Variables Karuna 

Trust Government Karuna 
Trust Government 

Inputs 
Input 1: Number of Clinical Staff 
Input 2: Number of Non-clinical Staff 
Input 3: Number of inpatient beds. 

2.60 
8.88 
6.60 

2.75 
10.13 
5.50 

1.41 
4.05 
2.23 

1.48 
3.04 
2.56 

Outputs 
Output 1: General outpatient visits. 
Output 2: Number of antenatal care visits. 
Output 3: Number of institutional deliveries. 
Output 4: Number of children immunised. 
Output 5: Number of family planning visits. 

1896.57 
46.01 
17.95 
46.22 
129.00 

1129.35 
64.49 
17.69 
42.82 
33.47 

1329.40 
34.32 
9.64 

32.41 
116.14 

456.98 
31.59 
13.09 
21.11 
27.86 

 

Technical efficiency analysis 

We used the (input-orientated) Charnes-Cooper-Rhodes (CCR) and the Banker, Charnes and Cooper 
(BCC) models to generate three efficiency measures: the overall or global efficiency, pure technical efficiency, and 
scale efficiency for each of 20 PHCs under investigation. Since the CCR model assumes a constant returns-
to-scale (CRS) production possibility, the score produced by this model measures the global technical 
efficiency of a unit. On the other hand, the BCC model is more flexible and allows variable returns to scale 
(VRS), consequently it measures the local pure technical efficiency for each DMU. If a DMU (PHC) is fully 
efficient (100%) in both the CCR and BCC scores, it is operating in the most productive scale size. If a 
DMU (PHC) has full BCC efficiency but a low CCR score, then it is operating locally efficiently but is not 
globally efficiently due to the scale size of the DMU. Thus, it is reasonable to characterise the scale efficiency 
of a DMU by the ratio of the two scores: 

SE = θ*CCR = Efficiency -CCR of DMU 

   θ*BCC  Efficiency – BCC of DMU 

For a BCC-efficient DMU with CRS characteristics, i.e. in the most productive scale size, its scale 
efficiency is one. The CCR score is called the (global) technical efficiency (TE), since it takes no account 
of scale effects. On the other hand, BCC expresses the (local) pure technical efficiency (PTE) under 
variable returns-to-scale circumstances. Using these concepts, the relationship for SE above can be used 
to construct a decomposition of efficiency as θ*CCR = θ*BCC  x SE or,  

[Technical Efficiency (TE)] = [Pure Technical Efficiency (PTE)] X [Scale Efficiency (SE)] 

This decomposition can be used to depict the sources of inefficiency, ie whether it is caused by inefficient 
operation (PTE) or by disadvantageous conditions displayed by scale efficiency (SE) or both. 

 



 

Table 3. CCR- and BCC-efficiency index for 20 Karuna Trust and Government Primary 
Healthcare Centres (N=20) in 2006 

Primary Healthcare Centre 
(PHC) 

Technical 
Efficiency 
Score (%) 

Pure 
Technical 
Efficiency 
Score (%) 

Scale 
Efficiency 
Score (%) 

Returns to 
scale 

Sugganahalli (KT) 100.00 100.00 100.00 Const 
Thithimathi (KT) 44.31 66.17 66.96 Incr 
Dindavara (KT) 70.19 94.06 94.62 Incr 
Mallapura (KT) 75.72 78.75 96.15 Const 
Pattanayakanahalli (KT) 100.00 100.00 100.00 Const 
Kammasandra (KT) 75.06 100.00 75.06 Incr 
Javanagondanahalli (Govt) 100.00 100.00 100.00 Const 
Vatadakosal (Govt) 54.36 71.67 75.85 Incr 
Ashok Nagara (KT) 100.00 100.00 100.00 Const 
Sriramarangapura (KT) 100.00 100.00 100.00 Const 
Nandikeshwara (KT) 64.07 79.00 81.11         Incr 
Kohinoor (KT) 100.00 100.00 100.00 Const 
Galigihulkoppa (KT) 100.00 100.00 100.00 Const 
Kannura (KT) 100.00 100.00 100.00 Const 
Ambalga (Govt) 100.00 100.00 100.00 Const 
Galagali (Govt) 100.00 100.00 100.00 Const 
Hurina Hipparagi (Govt) 87.00 94.47 92.09 Incr 
Matala (Govt) 97.22 100.00 97.22 Decr 
Sudi (Govt) 100.00 100.00 100.00 Const 
Hosalli (Govt) 78.04 78.53 99.38 Const 
Average 87.30 93.13 94.00  
Average KT 85.78 93.17 92.83  
Average Govt 89.58 93.08 95.57  
 

Table 3 presents the technical efficiency scores and the scale efficiency levels of the 20 primary healthcare 
centres (PHCs). Out of the 20 primary healthcare centres in the analysis 11 (55%) were technically 
efficient, while the rest (9) were found to be inefficient. These inefficient PHCs had an average TE score 
of 58.72%. This implies that on average they could reduce their utilisation of all inputs by as much as 
42.38% without reducing output. All of the 11 efficient PHCs were also scale efficient whereas the 
remaining 9 inefficient were all scale inefficient. The inefficient PHCs had an average scale score of 
86.50%; implying there is potential for increasing total outputs by about 13.50% using the existing 
capacity/size. Interestingly, the Karuna Trust PHCs had an average technical efficiency score lower than 
those of the Govt-run PHCs (Table 3). Comparison of the average PTE and scale efficiency scores, 
however, indicates that the lower efficiency of the Karuna Trust PHCs compared to the Govt PHCs 
comes mainly from scale efficiency (as average SE score for the KT PHCs is lower than their average 
PTE score). This is in contrast to the situation observed for the Govt PHCs where inefficiency comes 
more from their inefficient operations or management rather than from scale inefficiency (average PTE 
score lower then average SE score).  

The returns to scale results shown in Table 3 indicates that it is possible to improve the efficiency of the 
majority of the inefficient PHCs by scaling up their activities. Table 4 displays the output increases that 
will be required for accomplishing this improvement. 



 

Table 4. Total input reductions and/or output increases needed to make inefficient PHCs 
efficient 

Variables 
Slack 

Input 1: Number of Clinical Staff 
Input 2: Number of Non-clinical Staff 
Input 3: Number of inpatient beds. 

2 
0 
2 

Output 1: General outpatient visits. 
Output 2: Number of antenatal care visits. 
Output 3: Number of institutional deliveries. 
Output 4: Number of children immunised. 
Output 5: Number of family planning visits. 

1295 
70 
39 
63 
499 

 

Table 5 shows the DEA results from a subset of the 20 KT and Govt PHCs for which data were available 
for comparison between the years 2006 to 2008. It can be seen from the results that between 2006 and 
2007, the mean technical efficiency of all primary healthcare centres under study increased from 75.12% 
to 88.67%, if we assume constant returns to scale (ie the CCR model). The more valid model, allowing for 
variable returns to scale (ie the BCC model) also reveals an increase in technically efficiency from 88.46% 
to 93.52% from 2006 to 2007. Furthermore, the existing differences in CRS and VRS efficiencies in both 
years imply that scale inefficiencies also exist, i.e. that increasing and/or decreasing returns are present in 
primary healthcare centre production (Table 5). Interestingly, efficiency scores for these PHCs fell in 2008 
although still higher than for 2006. It is also evident from results that PHCs in Northern Karnataka are 
more efficient compared to ones in Southern Karnataka but this most certainly might be because of the 
larger sample size from North Karnataka compared to the South. 

 

Table 5. Change in efficiency indices over time. 

CCR Efficiency BCC Efficiency Scale Efficiency  
2006 2007 2008 2006 2007 2008 2006 2007 2008 

Overall (N=12) 75.12 88.67 78.35 88.46 93.52 90.50 84.80 92.16 87.36
By Provider 

KT (N = 6) 
Govt (N = 6) 

 
77.42 
72.86

 
87.46 
84.78 

 
78.81 
76.38

 
88.52 
87.41

 
92.94 
92.94

 
89.64 
89.64

 
87.35 
83.43 

 
94.13 
91.45 

 
88.64 
86.21

By Location1 
North (N= 10) 
South (N = 2) 

 
75.16 
74.97

 
89.48 
68.89 

 
81.22 
64.02

 
87.37 
93.91

 
93.06 
95.86

 
88.69 
99.59

 
86.08 
78.43 

 
96.22 
71.92 

 
91.99 
64.24

1 Location according to site of PHC in Northern or Southern Karnataka. 



 

Conclusions: 

• The results indicated the existence of grave technical inefficiency in the sample of PHCs 
investigated in this study. Of the 20 PHCs used in the analysis, 45% were technically inefficient. 
 

• Interestingly, Govt PHCs were slightly more efficient overall than Karuna Trust-run PHCs. 
However, this was mainly to the scale inefficiency of the KT PHCs (rather than inadequency of 
their management). 
 

• By contrast, the inefficiency of Govt PHCs was related more to management inefficiency, 
implying that improving the efficiency of the underperforming Govt PHCs will require changes 
in operations or management.  
 

• Returns to scale results indicated that it is possible to improve the efficiency of the majority of 
the inefficient PHCs by scaling up their activities. 
 

• Analysis of longitudinal data indicated that technical efficiencies of both Govt and KT PHCs 
have improved from 2006 to 2008, although inefficiencies of scale remained. 

 

 


