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Abstract- There is a huge and increasing amount of public resources dedicated to healthcare. In order to discover and improve 
potential inefficiencies, designing a system to assess healthcare performance is necessary. This paper presents a framework for 
assessment performance of 25 hospitals have been evaluated with respect to resilience factors. The integrated approach of this 
paper is based on data envelopment analysis (DEA), principal component analysis (PCA) and numerical taxonomy (NT). 11 
traditional indicators and 6 resilience factors are identified and selected. In the first step performance of DMUs have been 
evaluated considering traditional inputs and outputs (type 1). In the next step, resilience factors have been added to the 
variables of type 1 (type 3). Weighted goal programming and weighted DEA are performed to rank the DMUs according to 
their efficiencies. The weights are achieved by the effects of each factor in DEA, PCA and NT. The result shows that weighted 
Goal programming with the weights provided by PCA performs better than weights provided by DEA. 
 
Index Terms- DEA, Healthcare, Performance evaluation, Resilience engineering 

 
I. INTRODUCTION 
 
Resilience is the ability of people, systems and 
organizations to learn and adapt themselves to create 
safety with gaps, hazard, trade-offs and multiple goals. 
It describes how people control and limit incidents and 
accidents. The health care industry faces new 
challenges every day. New regulation, new 
technologies, and new organizations are being created 
continuously as a result of public policy [1]. In order 
to solve complex problems of technological systems, 
researchers have widely used resilience engineering 
(RE) in different industrial environment such as 
aviation, chemical and petrochemical industry, 
nuclear power plants, railways, military , heavy rains 
forecast and healthcare systems. 
Improving the efficiency of health care is one of the 
most important management challenges of this century. 
The demand for high quality health cares has been 
increasing recently and it is likely to keep growing in 
the foreseeable future [2]. Performance in the 
healthcare relies on the ability to provide the demand 
for care by the resources. Multiple systems have 
evolved through time to match demand of care and 
resource reliably and efficiently. Improving the 
performance and efficiency of health cares will cause 
reduction in health care expenditures. 
There are some methods to measure performance. 
Recently some studies have evaluated the performance 
of health cares by using DEA which is widely used for 
performance assessment. [3] evaluated the efficiency 
of central government-owned hospitals in Taiwan 
over the five fiscal years between 1990 and 1994. 
They combined DEA with regression analysis. [4] 
evaluated the technical efficiency and productivity of 
a sample of public hospitals by the non-parametric 
techniques of data envelopment analysis and 

DEA-based Malmquist productivity index. They 
demonstrated that if the inefficient hospitals operated 
as efficiently as their peers on the frontier, efficiency 
gains in term of reduction in expenditure would 
amount to about R 279 million. [5] developed two 
methodologies to compute DEA scores in order to 
assess whether there is a trade-off between efficiency 
and quality in Portuguese hospitals. [6] evaluated the 
technical efficiency among 155 primary clinics in 
Kwazula-Natal Province of South Africa by using 
non-intervention DEA. They demonstrated that 
efficiency can achieve by decreasing input (nurses and 
general staffs) and increasing output (visits and births). 
[7] measured technical efficiency of public health 
centers in Kenya by using DEA. They showed that 
44% of public health centers are inefficient. [8] 
analyzed the effects of efficiency and quality on 
patient satisfaction in Turkish public hospitals by 
DEA. They evaluated the relationship between patient 
satisfaction as a dependent variable and structural 
quality, hospital efficiency and institutional factors as 
independent variables by multiple regression analysis. 
[9] measured the technical efficiency and scale 
efficiency of a sample of 37 public peripheral health 
units in Sierra Leone. They demonstrated that 
efficiency savings can significantly augment the 
government’s initiatives to improve for health care 
needs. [10] analyzed hospital performance by DEA. 
They compared the result of the traditional approach 
which only considered output and input variables and 
a more comprehensive approach which incorporated 
movement in quality. They presented a better 
formulation which allowed the preservation of TQM 
postulates. [11] have estimated technical efficiency of 
hospitals of Namibia by DEA. They showed that less 
than 75% of the hospitals were efficiency.  [12] 
measured the technical and scale efficiency of 17 
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public health centers of Seychelles over a four-year 
period by DEA. They demonstrated that the health 
centers have exhibited mean overall or technical 
efficiency of above 93 per cent. [13]analyzed changes 
in efficiency and technology and they showed the 
productivity of municipal hospitals increased because 
of improvement in efficiency rather than innovation. 
[14] evaluated the technical efficiency of the 40 public 
district hospitals in India, with special emphasis on 
maternal healthcare services by using DEA. They 
showed that half of the district hospitals were 
operating inefficiently. [15]presented an extended 
DEA model to identify the best performing hospitals 
across multiple time periods. Malmquist method was 
used to verify temporal productivity performance of 
DMUs and the effectiveness of the proposed approach. 
[16] used DEA and Pabon Lasso Model to calculate 
the efficiency of general hospitals which are located in 
Iranian Eastern Azerbaijan Province. Their study 
showed that DEA didn’t provide such a crystal clear 
limit for inefficiency as much as Pabon Lasso model. 
[17] analyzed efficiency in three healthcare service 
units of 22 hospitals in Valencian Community. They 
demonstrated that the efficiency analysis using the 
DEA model is considered more useful when studying 
the efficiency of each service separately instead of 
studying the overall efficiency of a given hospital. [18] 
used DEA to measure the performance of and 
efficiency of King Khalid University Hospital 
departments. They showed that 2 departments of nine 
are efficient throughout the 12 months period. [19] 
used DEA to compute efficiency scores for Virginia 
hospitals. Their result showed that hospitals may be 
improving their efficiency at the expanse of quality. 
Some researchers used other methods in order to rank 
hospitals according to their performance. [20] 
analyzed performance of primary level hospitals of 
Malawi by using Pabon Lasso technique. It helped to 
draw more robust conclusions by using measures 
simultaneously, as using each of the measures 
separately may lead to misleading conclusions. [21] 
evaluated the quality of medical practices in a hospital 
from 1998 to 2012 by principal component analysis 
(PCA). They demonstrated that the medical quality of 
the hospital in 2012 ranked on top and the general 
trend showed gradual improvement since 1998. [22] 
evaluated the performance of 36 departments of the 
hospital by PCA. They classified the departments into 
first-class, second-class, third-class and fourth-class 
departments. Their result truly indicated the gap 
among departments. [23] have used PCA to evaluate 
the medical performance of clinical departments. The 
result showed that Gynecology dept. ranked on top 
among 30 clinical departments. This study proved that 
PCA is applicable for the comparison of performance 
between different clinical depts. 
Researches in the literature have considered 
traditional indicators in health care such as number of 
beds, number of doctors, number of nurses, bed 

occupancy rate and etc. Resilience engineering has 
been proposed as a solution to solve complex 
problems of technological systems. Thus, the effects 
of resilience factors are appreciated much more than 
before. This is the first study for assessment of 
performance of hospitals with respect to resilience 
factors by an integrated approach based on DEA, PCA 
and NT. Table 1 shows the recent studies evaluating 
performance of hospitals and the outputs and inputs 
which they have considered. As it can be seen none of 
them has included resilience factors. 
The objective of this study is first evaluating teaching 
hospitals of Tehran performance by DEA, PCA and 
numerical taxonomy which consider resilience 
engineering and second selecting best approach 
between weighted goal programming and weighted 
DEA. This paper is organized as follows. The 
introduction and literature review is provided in 
Section 2. The methodology and variables are 
described in Section 2. Section 3 is dedicated to the 
case study for evaluating performance of hospitals. 
Result and discussion of methodology is carried out in 
Section 4.  Section 5 is dedicated to the conclusion of 
the paper. 
 

Table 1.  Recent studies evaluating performance of hospitals 
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II. METHODOLOGY 
 
In this study, the effects of resilience engineering on 
hospital performance by considering traditional 
factors are investigated. In the first step, standard 
inputs and outputs factors are determined and 
collected by considering resilience factors for teaching 
hospitals of Tehran. Two types were designed and 
analyzed. Traditional inputs and outputs are 
considered in type 1. Type 2 is similar to type 1 which 
resilience factors are added to them. Then DEA, PCA 
and numerical taxonomy are performed to rank the 
DMUs in each type. To realize if resilience factors 
have any impact on performance of hospitals, 
efficiency scores of the two types and their rankings 
are compared by Spearman and Pearson correlation 
coefficients. The weight of each indicator are 
calculated in DEA, PCA and Taxonomy model. 
Weighted goal programming (WGP) and weighted 
data envelopment analysis (WDEA) are performed by 
the weights calculated as mentioned before. The 
rankings are compared by Spearman correlation 
coefficients. Finally, if their correlation is significant 
at 5% level, it is conducted that WGP is an appropriate 
method to assess the performance of hospitals. If their 
correlation is not significant at 5% level, it is preferred 
to use weights which are acquired by PCA or 
Taxonomy. In the following sections, the DEA, PCA 
and Numerical Taxonomy and variable and measures 
are described. 
 
A. Data Envelopment Analysis (DEA) 
Data envelopment analysis is the most frequently used 
technique for evaluating efficiency in the healthcare 
sector. DEA is a multi-factor approach that measures 
the efficiency of a given set of decision making units 
(DMUs). It is based on a non-parametric linear 
programming technique considering multiple inputs 
and outputs for calculating the efficiencies of DMUs. 

It is used for ranking and analyzing DMUs such as 
industries, universities, schools, hospitals, cities, 
facilities layouts, banks, etc. [24]. According to DEA, 
the organizations with a score of 1 are assumed 
efficient; whereas the others have efficiency score of 
less than 1. 

 Inputs and outputs variable 
Hospital input and output variables in DEA approach 
were chosen based on previous studies. This study 
considers 5 inputs and 6 outputs in type 1. The input 
variables selected for our analysis are: 1) total number 
of hospital beds; 2) number of doctors (teaching 
doctors); 3) number of nurses; 4) total recurrent 
expenditure; 5) expenditure on furniture and 
equipment; 6) total Area. The number of beds variable 
was included as an indicator for capital inputs. The 
output variable used in this study consist of 1) number 
of inpatient (IPD) admissions; 2) number of outpatient 
(OPD) consultations; 3) total surgical operations; 4) 
bed utilization rate; 5) bed turnover rate. In type 2, 
resilience factors are added to indicators and all 
indicators i.e. 6 inputs and 11 outputs are considered. 
The reason for determination of these variables as 
input or output is that in the DEA model, a variable 
that is desired to be decreased is defines as input and, 
by contrast, a variable that is desired to be increased in 
defined as output. So in this paper resilience factors 
are defined as outputs. 
The factors identified in the review for RE concept in 
healthcare are preparedness, reporting culture, 
awareness, learning culture, flexibility, and 
management commitment. Meaning of each of these 
factors depends on the application field. The six items 
in a resilience system or organization are as follows 
[25]:   

•Preparedness: The system continuously 
anticipates human performance problems in the 
system and prepares to handle them. 

• Reporting culture: The staff’s willingness for the 
reporting the safety issues will be reduced if there isn’t 
a precise reporting culture. 

• Learning culture: It is the ability of the system or 
organization to learn from accidents, incidents and 
also normal work. 

• Flexibility: The organization or system should be 
adapted to any kind of problems. It is a key factor to 
solve the problems without disruption in system 
operations.  

• Management commitment: Top management 
identifies the concerns and problems of human 
performance to solve them. 

 
According to the condition of complex systems and 

hazardous environment, this paper adds the following 
item to the factors of RE framework for improving the 
performance of safety in the healthcare. 

• Fault tolerant: An ability of organization or 
system is to adapt for component failures and keep the 
specified performance in the presence of errors. 
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B. Principal Component Analysis (PCA) 
Principal component analysis is widely used in 
multivariate statistics such as factor analysis, it is used 
to reduce the number of variables under study and 
consequently ranking and analysis of DMUs, such as 
industries, universities, hospitals, cities, etc. [26]. 
These DMUs utilize a variety of sources as inputs to 
produce several outputs.  
PCA is performed to identify a new set of variables 
such that each new variable, called a principal 
component, is a linear combination of original 
variables. It is assumed that there are p indexes and n 

DMUs, and suppose X=  with ’s 
defined as the value of jth standardized index for ith 

DMU and therefore =( . PCA is 
performed to identify new independent principal 
components which are defined by a n*p matrix 

Y=  composed by s are shown by 
[27]: 

 
… 

, 
 

Where  is the coefficient of mth variable for the jth 

principal component. The ’s are estimated such 
that the following conditions are met: 

1)  accounts for the maximum variance in the 

data,  accounts for the maximum variance that have 

not been accounted by , and so on. 

2)    
 m=1,…, p 

3) 

 
 n =1,…, p 
 
For obtaining PCA scores the following steps are 
performed: 

Step 1: Calculate the sample mean vector = 

( ) and covariance matrix S. 
Step 2: Calculate the sample correlation matrix R. 

Step 3: Solve the following equation: |R- |=0. 
We obtain the ordered p characteristic roots 

(eigenvalues) with 

 and the related p characteristic vectors 
(eigenvectors). Those characteristic vectors compose 

the principal component . The components in 
eigenvectors are respectively the coefficients in each 

corresponding : 

=  for m=1,…,p and i=1,…,n. 

Step 4: Calculate the weights of the principal 

components ( ) and PCA scores of each DMU. 

Furthermore, the z vector (  where  
shows the score of jth DMUs is given by  

=  
 
C. Numerical Taxonomy 
Numerical taxonomy approach is capable of 
identifying homogeneous from non-homogenous 
cases. Furthermore, a group of DMUs by given 
indexed is divided to homogeneous sub-groups [28]. It 
also ranks the DMUs in a particular group. The NT 
approach is as follows: 

Step 1: Suppose we have n DMUs with p variables 
(indexes) which can be shown by a n by p 

matrix ; where  is the value of jth index 
for the ith DMU. (i=1,…,n and j=1,….,p) 

Step 2: The n by p matrix is standardized such that 
all p indicators have mean of 0 and variance of 1. 

Step 3: the distance of every two DMUs for each 
index is computed. This is done to homogenize the 

DMUs. Therefore, the distance matrix D=  

and vector d=  where is the minimum of 
the ith row of matrix D are identified. To identify the 
homogeneous DMUs, the upper (L1) and the lower 

(L2) is computed as L1 = d+2  and L2 = d-2   

where d and   are the mean and standard deviation 

of vector d respectively. If all   are within L1 and 
L2, homogeneity is achieved and we go to next step. 
Otherwise, cluster analysis is performed until all 
DMUs are homogeneous. 

Step 4: The distance of each DMU from the ideal 
DMU for each index is computed as: 

=  

Where  is the maximum of the jth index. The 
growth level for each DMU is: 

= /  

Where and c and  are mean and 

standard deviation of ’s respectively. ’s are 
between 0 and 1 with 1 as the worst and 0 as the best 
scores. 
 
III. RESULT AND DISCUSSION 
 
To achieve the objective of this study, the DEA, PCA, 
and numerical taxonomy are performed for ranking 
DMUs. Two type of model are made, in the first type 
traditional factors are considered (type 1). And type 1 
is expanded to include resilience factors (type 2). 
Therefore, 6 traditional inputs and 5 traditional 
outputs were selected based on previous studies and 6 
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resilience factors were identified as major indexes 
affecting the performance of hospitals. 25 teaching 
hospitals at Tehran have been selected for the purpose 
of this study. The raw data set for these factors is 
shown in Appendix 1.  

 Comparing the Result of Type 1 and Type 2 
Table 2 and 3 show the relative efficiency scores of 
type 1 and 2 respectively by performing DEA method 
for 25 hospitals. Both CCR and BCC models have 
been used for DEA analysis. As can be seen in Table 2 
for type 1 under the CRS assumptions, H21, H20, H19 
and H2 are inefficient and under the VRS assumptions 
H21, H20 and H19 are inefficient.  Scale efficiency is 
the ratio of CRS efficiency to VRS efficiency. The 
column of scale efficiencies of type 1 shows that 10 
DMUs are operating at the optimal scale size.  As can 
be seen in Table 3 under the CRS assumptions, H2, 
H20 and H21 are inefficient in type 2 and under the 
VRS assumptions all the DMUs are efficient. Scale 
efficiencies of 4 DMUs are 1 which mean these 
hospitals are operating at the optimal scale size. 
The VRS efficiency is larger than the CRS efficiency 
for all the DMUs and the average of VRS efficiencies 
is more than the average of CRS efficiencies. 
Therefore, we selected the BCC output oriented model 
as the optimum model for evaluating the performance 
of hospitals. 
In order to realize that resilience factors have any 
impact on performance of hospitals, Pearson 
correlation coefficient has been calculated between 
efficiency scores of type 1 and type 2 and Spearman 
correlation coefficient has been calculated between 
full rankings of type 1 and type 2. Correlation 
coefficients have been shown in Table 4. It can be seen 
that the result of two types are rather different and 
their correlation is not significant at 5% level. 
Therefore, it is conducted that resilience factors have 
considerable impact on performance of teaching 
hospitals. 

Table 2. BCC and CCR efficiencies of type 1 

 

 
 

Table 3. BCC and CCR efficiency of type 2 
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Table 4. Pearson and Spearman correlation coefficient between 

type 1 and type 2 

 
 
Since the resilience factors are the qualitative 
indicators, weights which are achieved by expert don’t 
exhibit the exact impact of that indicators on 
performance. In this study, DEA, PCA and NT are 
performed to provide the approximate weight of each 
factor such as traditional and resilience factors on the 
performance of DMUs. Table 5 and Table 6 show the 
result of ranking DMUs by the DEA, PCA and NT. 
Figure 1, 2, 3 and 4 show the approximate impacts of 
each indicator in each approach. 
As we realized that resilience factors have impact on 
the performance of DMUs, type 2 is chosen as an 
optimum type and we continue the approach with the 
type which is considering both traditional factors and 
resilience factors. At first, weighted DEA and 
weighted goal programming are performed with the 
weights of each factor provided by DEA model. The 
result shows that there their correlation is not 
significant at 5% level. This means that because of 
insufficient number of DMUs, DEA can’t provide 
appropriate weights. So we used the weights that 
produced by PCA. Table 7 shows the ranking and 
Spearman correlation coefficients which are 
calculated between rankings of DMUs.  
Table 5 and 6, full ranking of type 1 and type 2 by 
DEA, PCA and Taxonomy 

 

 
Figure 1. Weight achieved by DEA model- Type 2 

 

 
Figure 2. Weights achieve by PCA model- Type 2 

 

 
Figure 3. Weights achieved by Taxonomy model- Type 1 
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Figure 4. Weights achieved by PCA model- Type 1 

 
Table 7. Ranking DMUs by WDEA and WGP and test of 

correlation between them 

 
 
CONCLUSION 
 
In this paper, the combination of DEA, PCA and 
Taxonomy was used to rank 25 hospitals considering 
resilience factors. Traditional indicators were selected 
based on previous studies. Two types were designed 
and analyzed. After calculating Pearson and Spearman 
correlation coefficients between this two types, type 2 
is chosen because of the impact of resilience factors on 
performance of DMUs. Weighted DEA and weighted 

GP are performed by the weights provided by DEA, 
PCA and Taxonomy. The result showed that the 
preferred model is weighted goal programming that 
used PCA weights for ranking hospitals.  The result of 
such studies would help top managers to have a better 
understanding of weak and strong points in their 
system’s performance. 
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