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Abstract 

Selecting a location for a potential hospital often decides the success or the failure of such a 
facility. It is thus important to assess the locations from multiple dimensions before selecting 
the site. This paper focuses on the multi factor evaluation of hospital sites using Analytical 
Hierarchy process (AHP) with Delphi method and evaluates three potential rural hospital 
sites in India. This study considered three major factors and eleven sub factors in the 
evaluation. Findings show that among the sub factors, cost of land, population density and 
proximity to public transport evolved as the three most significant sub factors. 

Key words: Hospital location, AHP, Delphi method, multi factor evaluation, pair wise 
comparison, selection, expert opinion 
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Delphi-AHP mixed Approach in Hospital Site Selection: A study in rural India 

1 Introduction 

The growing population of a country always leads to the demand of new healthcare facilities 

and India is not an exception. With a growing economy lot of private health care facilities are 

coming up but mostly catering to the upper and upper middle class of the society. For the 

lower and lower middle class the facilities are very limited especially in the rural areas may 

be because of the fact that access to healthcare to this section of society is critically linked 

with public financing of healthcare services (Gangolli et al, 2005).  

Moreover studies reveal that average healthcare expenditure borne by the government in 

India is only 17% and the out of pocket expenditure of a common man is around 83%. 

Almost 33% of the people hospitalized are paying out of pocket for their healthcare need 

borrowing money at higher interest rates. This phenomenon often pushes them below the 

poverty line. This problem multiplies when it comes to rural India. Studies envisage that the 

per capita expenditure on public health in the country is seven times lower in rural areas, 

compared to government spending for urban areas (Deogaonkar, n.d.). Added to this is the 

concern on India’s health care infrastructure with respect to beds per citizen. From the World 

Health Organization report it can be seen that the number of beds per 10000 populations in 

India is only 9 (in-patient and maternity). The number is much less than even Bhutan, 

Thailand, Malaysia and Nepal whereas the global standard is 30. One may argue that these 

countries are smaller in size but even bigger countries like china is well ahead with 42 beds 

per 10000 citizens (World Health Statistics, 2012).   

The above situation amplifies the need for new hospitals to be set up by Governments for the 

poorer sections of the society who cannot spend a huge amount on healthcare. It is true that 

the absence of quality medical personnel is a genuine concern, but this only cannot guarantee 

the quality of the service provided to the society (Soltani and Marandi, 2011). Physical access 

matters significantly and thus the selection of the location for the facility becomes a strategic 

issue as it is related to the medical service quality (Paul, 1997). The success of such a facility 

depends on selection of the location that must address issues related to environmental factors, 

economic, distance and social conveniences or inconveniences (Vahidnia et al., 2009). 

Because of the structure and the multi-criteria nature of the hospital site selection decisions, 

this sort of decision making attracts personal and subjective analysis than objective analysis 

(Hanes and McKnight, 1984).  
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Studies are available on health care facility location selection and the travel time 

methodology is one of the prominent techniques used by researchers across the globe (Burt 

and Dyer, 1971; Mehrez, 1996; Guagliardo, 2004; Jordan et al., 2004; Paul and Batta, 2008). 

This analysis requires extensive amount of data related to cost grid or travel time and in most 

of these research works the specific data was provided by the concerned departments of 

transportation of that particular country. In Indian context this is a real problem because of 

lack of data. Moreover this modeling uses Zip codes which often contain geographic data 

error that leads to wrong population totals when modeled using area based methodology 

(Varnakovida and Messina, 2006).     

Vahidnia et al. (2009) also argued that because of the multi-criteria nature of the problem, the 

planners needed an analysis tool that can help in making a rational location selection 

capturing both subjective and objective evaluation. This need inspired the researchers use 

analytical hierarchy process (AHP), a well-known technique in multi-criteria decision making 

(MCDM) (Saaty, 1980). AHP and it  extended versions have been widely used in medical 

and non-medical decision making like project and technology selection, human resource 

selection, health care evaluation & policy and vendor selection (Paul D, 1997; Kuo et al., 

1999; Ozden, 2005; Pual & Batta, 2008; Sinimole, 2012). Some researchers also used AHP 

and extended AHP for hospital site selection in international arena. Wu et al. (2007) used 

AHP and sensitivity analysis in location selection of Taiwanese hospitals to ensure 

competitive advantage. This work of Wu provides valuable inputs for planners in 

standardizing the hospital location selection process. Vahidnia et al. (2009) used fuzzy AHP 

with GIS for optimal hospital site selection in Tehran urban area with a focus on pollution, 

travel time and cost. Soltani et al. (2011) used a two stage fuzzy MCDM in selecting a 

location for hospital in Shiraj metropolitan area, Iran where the researchers tried to address 

the subjective decision making problem in MCDM by the use of AHP and GIS. Although 

there are studies available in hospital site selection using AHP or its extended form in 

countries other than India, no study has been found in India where the researchers used a 

multi criteria location selection tool. Moreover all these previous studies are done with a 

focus on an urban area or a metropolitan area and based on the discussions above one can 

easily understand that the need differs completely when it comes to rural India.  

This piece of work attempts to draw attention to the formal study of assessing potential 

hospital locations in rural India using Delphi embedded AHP. The objective behind 

embedding Delphi method in AHP is to obtain better accuracy in results by developing 
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consensus among the expert opinions (Soltani et al., 2011). Further the aim is also to 

demonstrate how this Delphi-AHP model can capture the qualitative differences existing 

among the alternative locations across different dimensions and help the planners in selecting 

an appropriate location for potential hospital. For convenience in computation the study is 

illustrated using a case of three alternative locations namely Pandabeswar, Faridpur and 

Kanksa in Durgapur sub division of West Bengal, India.  

2. Theoretical Background 

This section deals with the theoretical understanding of the two major concepts used in this 

research work. To understand the Delphi-AHP approach used in this piece of work it is 

essential to talk about the usage of AHP and Delphi as two useful techniques in qualitative 

decision making.  

AHP, proposed by Saaty (1980) is one of the widely accepted tools that can be used in 

prioritizing alternatives based on multiple criteria. It is widely used in decision making 

situations where difficulties arise in generating importance of the factors using the qualitative 

responses (Shim, 1989). Because of its intuitive appeal and flexibility, many organizations 

routinely use AHP for making major policy decisions (Altay 2008; Elkarmi and Mustafa 

1993). There are numerous applications of AHP in multi criteria decision making across 

different fields of study where the researchers provided evidences of the efficacy of AHP as a 

multi-criteria decision making tool involving subjective as well as objective evaluation 

(Atthirawong et al., 2002; Grewal et al., 2008; Korkmaz et al., 2008; Wu et al., 2012).  

The Delphi technique had emerged in the early 1950s as a decision making tool for the 

military. Its objective is to ask for reliable responses from a panel of experts regarding a 

particular problem, decision or dilemma. This research tool permits researchers to combine 

the reports or testimony of a group of experts into one, useful statement (Wanda and Tena, 

2004). Delphi method is widely used by researchers because of its effectiveness in studies 

related to structuring the process of communication and in developing consensus (Refaat, 

1998; McCarthy, 2001; Okoli et al., 2004; Gregory et al., 2007; Azizollah et al., 2008). 

Meyrick (2003) applied Delphi in health research domain where he described how the Delphi 

method has evolved from its inception till its current form and applicability. 
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Looking at the multi criteria nature of the hospital site selection problem and the need to 

develop consensus among the expert’s judgments for accurate results, the present study 

attracts both AHP and Delphi methods in the decision making. 

3. Methodology 

The entire methodology is subdivided into the following sections including respondent 

selection, factor & sub factor identification, alternative identification, designing decision 

hierarchy and generating factor & alternative scores. Figure 1 demonstrates the process flow 

for easy understanding. 

 

Figure 1: Process flow in Methodology 

a. Respondent selection 

Since the analytical hierarchy process is mainly a subjective decision making method, it 

requires reliable inputs for its efficacy and consistency. Inconsistent inputs can lead to 

rejection of the entire set of data during consistency test (Saaty, 2008). This character of AHP 

asks ‘expert opinion’ for consistent factor weight evaluations. In this potential hospital site 

selection problem 12 experts were selected for the study, which is believed to be an adequate 

size of the expert panel (Okoli, 2004). The experts were medical doctors having more than 

fifteen years of experience in the field of hospital or health care administration & projects and 

are quite acquainted with all the three alternative locations in the Durgapur sub-division of 

West Bengal, India. The details of the profiles can be seen from the Table 1. 

 

Identification: Respondent, factors & sub factors, alternative locations 

Capturing responses: collecting expert opinions through questionnaire, two rounds Delphi to arrive at a 
consensus among expert opinions

Generation of scores: Factor weights, sub factors weights, alternative scores  
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Table 1: Profiles of the respondents 

Designation Number of 
respondents 

Work 
experience 

Medical Superintendent (Durgapur Sub Div. Hospital) 1 22 years 

Medical Superintendent (ESI Hospital, Durgapur) 1 23 years 

CMOH, Burdwan 1 25 years 

Medical Superintendent (Asansol Sub Div. Hospital) 1 22 years 

In-charge, OHS at DSP Hospital, SAIL 1 20 years 

Medical Superintendent (Retired) (Durgapur Sub Div. 
Hospital) 

2 Avg 35 years 

Senior medical Practitioner (Retired)  5 Avg 36 years 

 

A set of questionnaires were provided to the experts and were requested to do pair wise 

comparisons among factors (or sub factors) through identifying the level of importance of 

one (factor or sub factor) over the other using the linguistic scale mentioned in Table 2 

(Appendix).  

b. Identification of factors and sub factors for evaluating alternative locations 

A number of researchers who voiced for multi factor evaluation of a hospital site 

recommended a wide range of site selection criteria. Vahinia et al. (2008) considered distance 

from arterial routes, Travel time, contamination, land cost and population density as the set of 

factors for evaluation. Soltani (2011) talked about distance to major roads, distance to other 

medical centers, population density and parcel size of the land. In the optimal site selection 

for Taiwanese hospitals, Wu et al. (2007) considered, population size, age, density, 

governmental policies, capital, labour and land where Schuurman et al.(2006) discussed the 

importance of socio demographics of the service area, proximity to future expansion, space 

apart from travel time and population density. Based on the prominence and repetitions of the 

factors and sub factors in the available literature this study considers three major factors and 

eleven sub factors in the evaluation of hospital sites in India. The factors and sub factors 

along with their presence in the existing studies are summarized in Table 3.   
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Table 3 
Major factors and sub factors 

Major Factor Sub Factors 

Cost 

(Estill, 2006; Soltani et al., 2011; hospital of 

Saskatchewan, 2010; Vahidnia et al, 2008; Wu et al, 

2007) 

Cost of land 

Land Topography 

Land ownership 

Running/ Maintenance cost 

Population characteristics  
(Soltani et al., 2011; Schuurman et al, 2006; Vahidnia et 

al, 2008; Wu et al, 2007,) 

Population density 

Education 

Economic condition 

Location 

(Estill, 2006; Vahidnia et al, 2008; Soltani et al., 2011; 

hospital of Saskatchewan, 2010) 

Proximity to Public transport 

Space for future construction 

Availability of existing infrastructure 

Proximity to market 

c. Identification of the alternative locations for the study 

The study area for this hospital site selection problem is in Durgapur sub division under 

district of Burdwan, West Bengal, India. The selection of the study area is based on the 

convenience of the researcher keeping in view the demographic profile of its surrounding 

places. Figure 2 shows the map of the district of Burdwan which explains the position of the 

three potential rural locations namely Faridpur, Kanksa and Pandabeswar selected for the 

purpose of the study.  

 

Figure 2: Map of the district of Burdwan1  

                                                        
1 NREGS, Burdwan district (http://nregsburdwan.com) 
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From the medical facility and population of the district of Burdwan, West Bengal2  one can 

see that in spite of a population of more than a lakh in each of these three locations, no 

hospital exists in those areas that can cater to the common people of the regions. Though 

there are a handful number of nursing homes and clinics available but are beyond the reach of 

the poorer section of the society. The condition in terms of bed per 10000 populations is even 

worse than that of the nation’s average. Table 4 depicts the detail of the three alternate 

locations and the serious healthcare facility problem therein.  

One major reason for selecting these locations among the other available blocks under the sub 

division of Durgapur, West Bengal could be because of the homogeneity in terms of the 

population, percentage of SC & ST in the community, education, source of income, 

atmospheric conditions and the disease profiles. 

Table 4 

Population and hospital detail of the study area 

Area Populations Hospitals 

Health 

center Doctors* 

PANDABESWAR (HS3) 146445 0 4 4 

FARIDPUR (HS1) 108619 0 2 3 

KANKSA (HS2) 151255 0 5 7 

*As per medical institutions under state government health department 

 Source: adopted from Medical facility & population, bardhaman.gov.in 

Looking at the positive characteristics for building a health facility in these alternative 

locations one can note that all these three locations are well connected through rail and roads 

and are having sufficient water from the rivers like Damodar and Ajay. Moreover all these 

places are connected to electricity supply, drainage and some amount of greenery around for 

a better healing environment. 

d. Building the hierarchy of the decision problem 

The hierarchy in AHP (Saaty, 1980) starts with the objective or goal of the decision problem. 

The factors and sub factors responsible for evaluation of alternative hospital sites are placed 

in subsequent levels next to the objective. The ultimate level contains the alternative sites to 

be evaluated. When it comes to pair wise comparison, the factors are compared with 

                                                        
2 http://www.bardhaman.gov.in/health/medifaci.html & 
http://www.bardhaman.gov.in/census/popliterate.html 
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themselves whereas the sub factors under each factor are only compared. In the cases of the 

alternatives, they are compared with respect to each of the sub factors available in the study. 

Figure 3 describes the hierarchy of the site selection problem. 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 
 

 

 
 

 

 
 

 
 
 

 

Figure 3: Hierarchy of the hospital site selection problem 
 

e. Generation of factor (or sub factor) weights and alternative scores 

In order to generate importance of the factors considered in the study and their contribution in 

the selection of a location for a potential hospital factor weight or factor scores are generated. 

Hospital site selection 

Cost 
Population characteristics  

 
Location 

 

Cost of land 
Land Topography 
Land ownership 
Running/ Maintenance cost 

 

Population density 
Education 
Economic condition 

 

Proximity to Public transport 
Space for future construction 
Availability of existing facility 
Proximity to market 

 

Alternative 1: 
Pandabeswar site 

Alternative 2: 
Kanksa site 

 

Alternative 3: 
Faridpur site 
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To generate these factor (or sub factor) and alternative scores, two sets of questionnaire 

containing 18 and 33 questions were administered to the experts.  

Moreover to arrive at a consensus among the expert opinions a two round Delphi method is 

applied. After capturing the expert’s responses the summery sheet is sent to the experts for 

reconsidering their previous opinions if any with an objective to arrive at a consensus. Table 

5 provides the summery of responses given by the 12 experts in the first round of Delphi. The 

second round of Delphi showed a significant convergence in responses (more than 80% in 

one point in the scale) and that can be seen from Table 6. Similar approach is followed in the 

case of the comparison of alternative locations as well. In the case of the alternatives it took 

three rounds of Delphi to converge. 

Once the responses are captured they are converted to numerical values by averaging the 

product of the scale value (Table 2) with the number of responses (Table 6) and are depicted 

in Table 7.  

 

Table 5 
Summary table: Delphi round one 

Main factor comparisons EXUI MUI SUI EI SI MI EXI 

Cost with respect to Population Characteristics is        4   7  1   
Cost with respect to Location is        4   8     
Population Characteristics with respect to Location is       2  6  4     
Sub factor comparisons 

Cost of land with respect to Land topography is           3  8  1 
Cost of land with respect to Land Ownership is           4  6  2 
Cost of land with respect to Running/Maintenance cost is           4 7   1 
Land topography with respect to Land Ownership is       1  8  3     
Land topography with respect to Running/Maintenance cost 
is       3  9       
Land Ownership with respect to Running/Maintenance cost is       2 4   6     
Population density with respect to Education is           1  10  1 
Population density with respect to Economic condition is       2  7  2  1   
Education with respect to Economic condition is     1  5  4  2     
Proximity to public transport with respect to Space for future 
construction is           1  1  10 
Proximity to public transport with respect to Availability of            1  11 
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existing infrastructure is  

Proximity to public transport with respect to Proximity to 
market is         7  5     
Space for future construction with respect to Availability of 
existing infrastructure is         6 5   1   
Space for future construction with respect to Proximity to 
market is       3  8  1     
Availability of existing infrastructure with respect to 
Proximity to market is     6  5 1        

 
 
 
 

Table 6 
Summary table: Delphi round two 

Main factor comparisons EXUI MUI SUI EI SI MI EXI 

Cost with respect to Population Characteristics is        3  9     
Cost with respect to Location is        2   10     
Population Characteristics with respect to Location is       1 10  1     

Sub factor comparisons 

Cost of land with respect to Land topography is           1  10  1 
Cost of land with respect to Land Ownership is           1  11   
Cost of land with respect to Running/Maintenance cost is           2 9   1 
Land topography with respect to Land Ownership is       1  10  1     
Land topography with respect to Running/Maintenance cost is       3  9       
Land Ownership with respect to Running/Maintenance cost is       1 3   8     
Population density with respect to Education is           1  11   
Population density with respect to Economic condition is         8 3  1   
Education with respect to Economic condition is     8 4       
Proximity to public transport with respect to Space for future 
construction is           1  1  10 
Proximity to public transport with respect to Availability of 
existing infrastructure is             1  11 
Proximity to public transport with respect to Proximity to 
market is         8  4     
Space for future construction with respect to Availability of 
existing infrastructure is         4 8      
Space for future construction with respect to Proximity to 
market is       1  10  1     
Availability of existing infrastructure with respect to Proximity 
to market is     9  3         
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Table 7 
Final response value 

Main factor comparisons Final response value 

Cost with respect to Population Characteristics is  2.50 

Cost with respect to Location is  3.00 

Population Characteristics with respect to Location is  1.00 

Sub factor comparisons Final response value 

Cost of land with respect to Land topography is  5.00 

Cost of land with respect to Land Ownership is  5.00 

Cost of land with respect to Running/Maintenance cost is  5.00 

Land topography with respect to Land Ownership is  1.00 

Land topography with respect to Running/Maintenance cost is  0.83 

Land Ownership with respect to Running/Maintenance cost is  2.28 

Population density with respect to Education is  5.00 

Population density with respect to Economic condition is  1.83 

Education with respect to Economic condition is  0.56 

Proximity to public transport with respect to Space for future construction is  7.00 

Proximity to public transport with respect to Availability of existing 
infrastructure is  7.00 

Proximity to public transport with respect to Proximity to market is  1.67 

Space for future construction with respect to Availability of existing 
infrastructure is  2.33 

Space for future construction with respect to Proximity to market is  1.00 

Availability of existing infrastructure with respect to Proximity to market is  0.23 
 

This data is fitted in matrices to generate factor, sub factor and alternative scores using the 

steps mentioned below: 

Step 1: Calculate the relative weights of the factors compared through the matrix and 

calculate the column average of the row averages. λaverage indicates the column average value. 

Step 2: Compute the consistency index (CI) for each matrix of order n by the formulae: 

CI = (λaverage -n)/(n-1).   

Step 3: The consistency ratio (CR) is then calculated using the formulae: CR = CI/RI, where 

RI is a known Random Index. Tables 8 (Appendix) show the value of the random index (RI). 
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This consistency test validates the responses taken into the model. A response is valid if the 

value of CR is found to be less than 0.1. 

f. Generating overall score for alternatives  

The weights of the different factors and sub factors considered in the study are evaluated after 

the responses are tested for consistency. Here each of the sub factor weights are multiplied to 

the corresponding factor weights to generate overall weights Sl. The overall score of mth 

alternative is obtained by Am in equation (1) 

1

. . . . . . . . . . . . . . . . . . . . . . . . ( 1 )
N

m l m l
l

A s a
=

= ×∑
 

 where ls is the weight of lth  sub factor and m la  is the weight of thm  alternative with respect to  lth sub 

factor.  

 

 

4. Results and Discussion 

From Figure 4, one can see that among the major factors cost is considered almost three times 

important than the other two major factors. Table 8 portrays the impact of the sub factors 

within the main factors and also their overall impact in selecting a candidate location.  Cost 

of land, population density and proximity to public transport are contributing more than 50% 

within the major factors whereas proximity to market contributes to 24% under location. 

From the overall impact which happens to be the overall weight of a sub factor in the study, 

one can see that cost of land alone has an impact at the level of 35.46% whereas the next 

highest impact is of population density and proximity to public transport with a mere 11 to 

12% . Figure 5 depicts the scores obtained by the alternative sites with respect to each sub 

factor. Moreover from figure 5 it can also be understood that both Faridpur and Kanksa are in 

a better position than Pandabeswar against most of the sub factors except population density 

and economic condition. From the final score in Figure 6, Kanksa emerges as the best 

potential location in this study.  
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   Figure 4: Weight of the main factors 
 

Table 8: Importance of sub factors 

Sub factors 
Weight of 
sub factors 

Impact 
within the 
main factor 
(in %) 

Overall 
weight of sub 
factors 

Overall 
Impact of the 
sub factor (in 
%) 

Cost of land 0.6140 61.40 0.3546 35.46 

Land Topography 0.1181 11.81 0.0682 6.82 

Land ownership 0.1579 15.79 0.0912 9.12 

Running/ Maintenance cost 0.1100 11.00 0.0635 6.35 

Population density 0.5846 58.46 0.1272 12.72 

Education 0.1360 13.60 0.0296 2.96 

Economic condition 0.2794 27.94 0.0608 6.08 

Proximity to Public transport 0.5432 54.32 0.1113 11.13 

Space for future construction 0.1488 14.88 0.0305 3.05 

Availability of existing infrastructure 0.0619 6.19 0.0127 1.27 

Proximity to market 0.2460 24.60 0.0504 5.04 
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Figure 5: Scores of the alternative sites against the sub factors 
 
 

 
Figure 6: Overall score of the alternatives 
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5. Conclusion 

In recent past few studies related to multi criteria evaluation of hospital sites are available in 

literature using different methodologies including AHP, but the present study never came 

across any Indian study on hospital site selection. In this piece of work AHP together with 

two-stage Delphi method is used to arrive at a consensus among expert opinions before 

processing the data using pair wise comparison matrices. However one can argue that average 

of all responses could have been taken, but the researcher is of the view that average would 

normalize the quality of expert feedback. Soltani et al. (2011) also is of the opinion that a 

higher accuracy can be achieved by using structured methods like Delphi. This proposed 

model can be used by the planners or administrators as a prototype before getting into such 

health care projects. From the results it is visible that the factor ‘cost’ appears to be the most 

significant contributor in the site selection exercise where ‘travel time’ emerged as the most 

important factor in other studies (Vahidnia et al., 2009; Soltani et al., 2011, Wu et al., 2007). 

Since the present study has been conducted to select a location for potential hospital in rural 

India, with a difference in culture and economy the result is quite acceptable. Interestingly, 

the factor ‘population density’ emerged as the second highest important factor across all the 

three studies.  

Although AHP is an efficient tool in capturing subjective judgments in multi criteria decision 

making environment, the computation becomes huge if more number of alternatives or 

factors is considered in a study. Similarly, while adopting Delphi technique, one should 

monitor the process continuously as there is a risk of divergence. This research work can be 

further extended to the location selection for different specialty hospitals with a varied set of 

factors and sub factors of evaluation. Moreover to eliminate the vagueness or imprecision of 

human judgments fuzzy linguistic scales can be used instead of AHP scale used in this study.  
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Appendix 

Table 2 
Pair wise comparison scale 

Verbal judgment Explanation Number 

Extremely Un-Important (EXUI) A criterion is strongly inferior to another 1/7 

Moderately Un-Important (MUI) A criterion is slightly inferior to another 1/5 

Slightly Un-Important (SUI) A criterion is slightly inferior to another 1/3 

Equally Important (EI) Two factor contribute equally  1 

Slightly Important (SI) Judgment slightly favor one criterion 

over another 

3 

Moderately Important (MI) Judgment slightly favor one criterion 

over another 

5 

Extremely Important (EXI) Judgment strongly favor one criterion 

over another 

7 

Source: adopted from Saaty (1980) 

Tables 8 
Random index (RI) table 

n 3 4 5 6 7 8 9 10 

R.I 0.58 0.89 1.12 1.25 1.35 1.42 1.46 1.49 

Source: Saaty (2000) 
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