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Abstract
Introduction: Hospitals are regarded as the largest and most expensive operational units of 
the health system. Also, bed is one of the most valuable hospital resources. Due to the limited 
resources of the health system, paying attention to efficient resource allocation is necessary. 
This study aimed to allocate common beds to hospitals to optimize their overall efficiency.
Methods: This is a cross-sectional and applied study. 70 Iranian hospitals affiliated to social 
security organizations were examined. The required data were collected from the statistical 
yearbook of this organization (2016). A centralized data envelopment analysis model with 
an input-orientation approach was used to assess the performance and bed reallocation to 
hospitals. The input data consist of the number of active beds, and the output data consist of 
bed occupancy rate, average patient stay, and survival of patients in thousand. Hospitals were 
clustered by k‐means clustering method for analysis. The data were analyzed by GAMS and 
SPSS softwares.
Results: Hospitals were clustered into 4 groups of homogenous units. Based on this clustering, 
the number of hospitals in clusters 1 to 4 was 23, 2, 13, 32, and the overall efficiencies of them 
were 0.703, 1, 0.827, and 0.732, respectively. Before bed reallocation, 13 (18.6%) hospitals 
were efficient. After bed reallocation by Centralized data envelopment analysis, 31 (44.3%) 
hospitals became efficient.
Conclusion: It seems that the active bed factor can be one of the inputs influencing the overall 
efficiency of hospitals. However, in this regard, inclusive attention to other resources such as 
physicians and nurses will be necessary to achieve desirable hospital efficiency. 
Keywords: Centralized Data Envelopment Analysis (CDEA), Efficiency, Hospital, k‐means 
method.
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Introduction 

Healthcare is the fastest-growing service in 
both developed and developing countries. 
Their main goal is to offer healthcare services 

to people and help to improve the quality and health 
of their daily survival rate (1). 

 Due to increased environmental complexity, 
resource constraints and rapid increase in costs, 
especially in health areas, the issue of increasing 
the efficiency and productivity of all institutions, 
particularly health organizations, is at the core of 
the managers’ attention. One of the most important 
principles is optimal resource allocation. Hospitals 
are considered as the most important consumer units 
in the health area and one of the main organizations 
to provide health services (2). Thus significant savings 
in healthcare costs can be obtained by improving 

their efficiency (3).
Besides, hospital bed management is one of the 

important subjects in resource allocation. Bed is one 
of the main resources for serving patients. 

Therefore, it is important to find the best way to 
allocate hospital resources properly. One of the tools 
that can help in this field is the Operations Research 
models. 

One of the operations research models is Data 
Envelopment Analysis (DEA). This model has received 
extensive attention in recent years, which has been used 
in a broad range of domains, including applications in 
the healthcare sector (4, 5). DEA, first introduced by 
Charnes, Cooper, and Rhodes (1978), is a well-known 
non-parametric mathematical approach applied to 
assess the relative efficiency of a set of similar units, 
referred to as Decision Making Units (DMUs) (6). 
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In conventional DEA models, each DMU sets 
its own priorities. This issue is logical when DMUs 
operate in a decentralized situation. The problem 
arises when a group of DMUs is under the control of 
a central decision-maker who would like to evaluate 
them with common priorities operating over all the 
systems. In this case, conventional DEA models do 
not make much sense (7). Therefore, it would be 
much more reasonable to use the Centralized Data 
Envelopment Analysis (CDEA) model. The CDEA 
model applies when all of the units are under the 
control of a single decision-maker in a centralized 
management system. This condition occurs when all 
the DMUs belong to the same organization.

Many applications of DEA (such as hospitals) can 
be included in this category. This centralized decision-
maker, while interested in the efficiency of the DMUs, 
is also concerned with their overall consumption of 
the inputs and the overall production of their outputs 
(because conventional DEA models do not consider 
aggregate input consumption or aggregate output 
production).

Several studies have been conducted on the 
performance evaluation of hospitals. For example (8), 
used the Pabon Lasso model to assess the performance 
of 8 general hospitals in Tehran. Results showed 
these hospitals generally have low performance, 
as indicated by Pabon Lasso analysis. (9), Applied 
Stochastic Frontier Analysis (SFA) method to estimate 
the efficiency of 12 teaching hospitals between 1999 
and 2011. The study showed a significant waste of 
resources in hospitals. (5), They used input-oriented 
DEA to investigate the efficiency of 17 Greek hospitals. 
In a study at Ahvaz, Iran, the efficiency of teaching 
and nonteaching hospitals was assessed using DEA in 
2006-2010 (10). Another study in the USA calculated 
the efficiency scores for a sample of non-federal acute 
care hospitals (11). Saber Mahani et al. (12) used DEA 
to determine the technical efficiency of 13 teaching 
hospitals in Kerman University of Medical Sciences. 
Interested readers in this context can refer to (13, 14).  
(13), A study summarized all studies using DEA to 
evaluate the hospitals (14), studied the methods of 
hospital performance evaluation are used in Iran. 
They said DEA is the mostly used method to evaluate 
hospital performance in reviewed articles.

Although the above studies are considerable and 
address the issue related to hospital performance 
evaluation and resource allocation, they have failed 
to apply a centralized resource allocation approach 
that, at the same time, looked for the efficiency of the 
individual hospitals, aiming to minimize the total 
input or maximize total output.

Furthermore, various studies in developing 
countries such as Iran show that more than half of 
the healthcare resources are wasted, and limited 
resources are used inefficiently (15). Now, one of the 
major issues facing healthcare managers and officials, 
especially hospitals, is resource allocation and the 
evaluation of hospital performance. 

According to what is stated, the effort to allocate 
optimal resources to hospitals is necessary. Many 
hospitals in Iran are under the control of a centralized 
decision-maker (e.g. the Ministry of Health or Social 
Security Organization). However, it seems that 
no study has used CDEA to assess performance 
and resource allocation to hospitals and this point 
has been neglected in many studies in the field of 
hospital management. Previous studies have used 
conventional DEA models to allocate resources to a 
set of hospitals even though they are under the control 
of a central decision-maker. However, as mentioned, 
it is more appropriate to apply a method for an overall 
evaluation of resource allocation on the performance 
of the hospitals. Using CDEA cause more realistic 
and reliable results. This study aimed to fill this 
research gap. Therefore, this study was an attempt 
to apply a centralized DEA model to determine the 
efficient number of beds (resource) allocated to each 
hospital while increasing the efficiency of all hospitals 
(looking for the overall improvement of the hospitals’ 
performance) and reduce the total number of Social 
Security Organization hospital beds.

Based on statistics of the 2016 Social Security 
statistical yearbook, this organization has 70 hospitals 
in the country. The total number of these hospitals’ 
active beds is 8964 (16). In this study, we consider 
each Social Security hospital as DMU.

Methods
This research was a cross-sectional and applied study. 
Social Security hospitals in Iran formed the statistical 
population of research. Social Security Organization 
is one of the largest organizations providing hospital 
services in Iran. Due to the expansion of Social 
Security hospital services and their vast contribution 
to Iranian community health services, it is necessary 
to allocate the resources to these hospitals based on 
their overall performance. Thus, social situation, 
need of the majority of people for this type of hospital 
and, therefore, the need for their efficiency were the 
inclusion criteria for selecting these hospitals. The 
required data were collected from the 2016 statistical 
yearbook of this organization (16). 

DEA is the method to analyze the several inputs 
and outputs of the DMUs (hospitals). Table 1 shows 
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the hospitals’ inputs and outputs that are used in 
some studies measuring hospital efficiency using 
DEA. In this study, the input data consisted of the 
number of active beds, and the output data consisted 
of bed occupancy rate, average patient length of 
stay, and death in thousand. Death in thousand was 
an undesirable output, so to convert it to desirable 
output, we deducted its value from thousand 
(survived in thousand). To measure the hospitals 
efficiency scores before and after reallocation, the 
input-oriented BCC envelopment model was used, as 
shown below:
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Where n is the number of DMUs, m the number of 

Table 1: The inputs and outputs of DEA in studies measuring hospitals efficiency
Authors Year Inputs Outputs
Kiani et al. (18) 2018 - number of beds

- number of doctors
- number of full-time nurses,
- number of other full-time staff

- bed occupancy
- average residence of patients
- number of surgeries
- percentage of cesarean  section  in  total  deliveries

Pirani et al. (19) 2018 - number of available beds
- number of hospital admissions
- number of nurses

- average of length of stay (LOS)
- bed turnover interval

Ali et al. (20) 2017 - Total beds
-Cost of drug supply 
- Total health staffs

-Outpatient department visit 
-Inpatient days 
-Number of surgery 

Farzianpour et al. (21) 2017 - Specialist physician 
- General physician 
- Total staffs other than physicians 
- Number of active beds 

- Number of outpatients 
- Bed occupancy rate 

Jia and Yuan (22) 2017 -The actual number of beds 
-The actual number of staff 

-The number of patients in the outpatient and 
emergency department 
-The number of discharged patients 
-The average days of hospitalization 

Kalhor et al. (23) 2016 - Total number of full-time medical doctors 
- Total number of full-time equivalent 
nurses 
- Number of supporting medical personnel 
- Number of beds 

- Number of patient days 
- Number of outpatient visits 
- Number of patients receiving surgery 
- The average length of stay 

Wang et al. (24) 2016 - Total expenditure 
- Number of doctors
- Number of nurses
- Number of open beds

- Total revenue 
- Number of outpatients and emergency visits
- Number of discharged patients

Cheng et al. (25) 2015 - Number of physicians 
- Number of nurses 
- The actual number of open beds 

- Number of outpatient and emergency visits 
- Number of inpatient days 

Harrison and Meyer (26) 2014 - Operating expenses 
- Hospital beds 
- Full-time employees 

- Inpatient days 
- Surgical procedures 
- Outpatient visits 

Yusefzadeh et al. (27) 2013 -Number of doctors 
-Number of active beds 
-Number of other personnel 

-Number of patients admission 
- Occupied day beds 

Hu et al. (28) 2012 - Number of doctors 
- Number of technicians 
- Number of staffs 
- Number of beds 
- Total fixed assets 

- Emergency room visits 
- Total number of outpatients 
- Total number of inpatient days 

Shahhoseini et al. (29) 2011 - Number of physicians 
- Number of nurses 
- Number of other professional 
- Number of active beds 

- Inpatient bed days 
- The average length of stay 
- Bed occupancy rate
- Outpatient visits 
- Number of surgeries 
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inputs and s the number of outputs. xij is the amount 
of input i used by DMU j , and yrj is the amount of 
output r produced by DMUj. DMUk is the DMU to be 
evaluated. Also, if the objectives function value of the 
above models in the optimal solution equals one, the 
unit under evaluation is efficient, and otherwise, it is 
called inefficient.

In this study, the input-oriented CDEA model 
proposed by Lozano and villa (17) was used. 
This model has two phases. In the first phase, a 
proportional reduction along with all inputs is 
sought. In the second phase, an additional reduction 
of any input and/or increase of any output is pursued. 
The first phase of the model is as follows (17):

Suppose that j, r=1,2; . . . , n, is the indexes for DMUs, 
i=1, 2, . . . ,m, is the index for inputs, k=1, 2, . . . , p, is the 
index for outputs, xij=amount of input i consumed by 
DMU j, ykj=quantity of output k produced by DMUj, 
=radial contraction of the total input vector, si=slack 
along with the input dimension i, tk=additional 
increase along with the output dimension k,  (λ1r,λ2r,…
,λnr)=vector for projecting DMUr.
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By solving the first phase, θ* is obtained as the 
optimum value of the model, so the second phase of 
the model is:
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To solve these models, we used GAMS software.

Results
Table 2 reports a summary of the inputs, outputs, 
and descriptive statistics of Social Security hospitals. 
According to this Table, the hospitals on average have 
128 beds. The mean for bed occupancy rate, average 
patient length of stay, and survived in thousand are 
74, 2.6, and 994, respectively. Table 3 presents the 
hospitals’ efficiency scores. According to this Table, 
13 hospitals are efficient.

The standard deviation for bed is high, so we need 
to cluster the hospitals (13). This clustering which will 
cause the benchmarks for efficiency improvement 
of hospitals based on the number of beds, will be 
realistic in the relevant cluster. Hospitals have been 

Table 2: Summary of descriptive of input and outputs
Type Variable Mean Standard deviation Minimum Maximum
Input Active bed 128.0571429 86.14172 24 448
Outputs Bed occupancy rate 73.61142857 13.64326 18.9 104.1

Average patient stay 2.577142857 0.707545 1 4.8
Survived in thousand 993.7628571 4.627069 976 1000

Table 3: DEA efficiency scores before reallocation
Hospital Efficiency Hospital Efficiency Hospital Efficiency Hospital Efficiency Hospital Efficiency
H1 0.34222 H15 1.00000 H29 1.00000 H43 0.45910 H57 0.89764
H2 0.32776 H16 0.91594 H30 0.15587 H44 0.39354 H58 1.00000
H3 0.16064 H17 1.00000 H31 0.58937 H45 0.58622 H59 0.55914
H4 0.33296 H18 1.00000 H32 0.59807 H46 0.35336 H60 0.30886
H5 1.00000 H19 0.37340 H33 0.63838 H47 0.14733 H61 0.64555
H6 0.09503 H20 0.36022 H34 1.00000 H48 0.24534 H62 0.80762
H7 0.13367 H21 0.69506 H35 0.32474 H49 0.25516 H63 1.00000
H8 0.22947 H22 0.26650 H36 0.65773 H50 0.33535 H64 0.23933
H9 1.00000 H23 0.25867 H37 0.40426 H51 0.33552 H65 0.60525
H10 0.77301 H24 1.00000 H38 0.20719 H52 0.98454 H66 0.58246
H11 0.98392 H25 0.23209 H39 1.00000 H53 0.25556 H67 0.20398
H12 1.00000 H26 0.29672 H40 0.14792 H54 0.35998 H68 0.22412
H13 0.32401 H27 0.20061 H41 0.15181 H55 0.28011 H69 0.23200
H14 1.00000 H28 0.36298 H42 0.41411 H56 0.34821 H70 0.20754
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clustered into 4 groups of homogenous units based on 
the experts’ points of view by the k‐means clustering 
method. According to this clustering, 23 hospitals 
were assigned to cluster 1, 2 hospitals to cluster 2, 13 
hospitals to cluster 3, and 32 hospitals to cluster 4, as 
shown in Table 4.

The number of beds reallocated to each cluster of 
hospitals and the overall efficiency of these hospitals 
were obtained via CDEA. Table 5-8 shows the results.

According to the results of cluster 1, for example, 
the number of H9 hospital beds decreased from 32 to 
30, and the number of H34 hospital beds increased 

from 32 to36. The overall efficiency in this cluster 
is 0.703, and the sum of beds is 730.417. The sum 
of beds for these clusters decreased from 1039, 838, 
3103, and 3984 to 730.417, 838, 2566.18, and 2916.288, 
respectively. After beds were reallocated, the hospitals’ 
efficiency scores were calculated by the model (1). The 
results are presented in Table 9. According to this 
Table, 31 hospitals are efficient. 

Discussion
Due to the lack of resources and rising costs, 
increasing efficiency in hospitals can lead to better 

Table 4: Results of hospitals clustering
Clusters Hospitals
Cluster 1 H5 H9 H10 H11 H18 H21 

H24 H29 H32 H33 H34 H36 
H39 H44 H45 H52 H57 H58 
H59 H61 H62 H63 H65

Cluster 2 H6 H15  
Cluster 3 H2 H3 H7 H16 H17 H30 

H40 H41 H47 H55 H60 H67 
H70

Cluster 4 H1 H4 H8 H12 H13 H14 
H19 H20 H22 H23 H25 H26
H27 H28 H31 H35 H37 H38
H42 H43 H46 H48 H49 H50
H51 H53 H54 H56 H64 H66
H68 H69

Table 5: Overall efficiency and the number of beds reallocated to cluster 1’ hospitals
Cluster 1

Overall efficiency=0.703
Hospitals H5 H9 H10 H11 H18 H21 H24 H29 H32 H33 H34 H36 H39 H44 H45 H52 H57 H58 H59 H61 H62 H63 H65 Sum 

of 
beds

Bed 
current 
values

46 32 39 32 75 40 36 30 74 51 32 62 24 80 52 35 34 32 54 51 40 33 55 1039

Suggested 
bed values

30 30 24 24 30 24. 
21

24 30. 
61

36 36 36 24 36 36 36 36 36 36 33.
58

33 33 33 33 730. 
417

Table 6: Overall efficiency and the number of beds reallocated to cluster 2’ hospitals
Cluster 2

Overall efficiency=1
Hospitals H6 H15 Sum of beds
Bed current values 390 448 838
Suggested bed values 448 390 838

Table 7: Overall efficiency and the number of beds reallocated to cluster 3’ hospitals
Cluster 3

Overall efficiency=0.827
Hospitals H2 H3 H7 H16 H17 H30 H40 H41 H47 H55 H60 H67 H70 Sum of beds
Bed current 
values

299 256 254 229 247 206 224 225 246 192 256 213 256 3103

Suggested bed 
values

229 213.03 204.14 192 192 192 192 192 192 192 192 192 192 2566.18
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and sustainable achievement of their strategic 
goals. Therefore, the purpose of this study was to 
reallocate Social Security hospital beds to optimize 
the overall efficiency of these hospitals. Reallocation 
of hospital beds can lead to more significant equity in 
service delivery and better distribution of resources. 
The efficient reallocation of hospital beds has a 
considerable impact on health management. Hospital 
managers make great efforts to improve treatment 
and patient satisfaction by optimizing the beds.

As mentioned in the centralized input-oriented 
model, instead of reducing the inputs of each DMU, the 
total consumption of DMUs decreases. For example, 
the sum of beds in cluster 1 should be reduced from 
1039 to 730.417, according to Table 5 results. H5, H9, 
H10, H11, H18, H21, H24, H32, H33, H36, H44, H45, 
H59, H61, H62, and H65 hospitals have to reduce their 
beds. H29, H34, H39, H52, H57, and H58 hospitals 
can increase their beds in the amount of 0.6, 4, 12, 1, 
2, 4 beds, respectively. H63 hospital does not need to 
change its number of beds. This bed reallocation was 
to optimize the overall efficiency of cluster 1 hospitals, 
and it makes all hospitals use their resources (beds) 

efficiently. With these proposals, the overall efficiency 
in this cluster would be 0.703. It is recommended that 
some of the patients of the hospitals that we proposed 
to reduce beds should be referred to the hospitals 
that were offered to increase their beds. The reason 
is that the latter hospitals’ facility can improve the 
efficiency of serving the whole community. Before 
bed reallocation, 13 (18.6%) hospitals were efficient. 
After bed reallocation by CDEA, 31 (44.3%) hospitals 
were efficient according to the results shown in 
Table 9. There is an important point that after this 
reallocation, the efficiency of all hospitals increased, 
so this resource reallocation is efficient.

In this regard, the results of this study are similar 
to those of (5, 23, 25, 30, 31), which reported that 
less than fifty percent of the studied hospitals were 
efficient. However, some studies have reported that 
more than fifty percent of hospitals are efficient (12).

Previous studies that have used conventional 
input-oriented DEA which is only able to suggest the 
reduced use of hospital resources, but the model used 
in this study can also consider increasing resources 
when needed. As mentioned, the sum of beds must 

Table 8: Overall efficiency and the number of beds reallocated to cluster 4’ hospitals
Cluster 4

Overall efficiency=0.732
Hospitals H1 H4 H8 H12 H13 H14 H19 H20 H22 H23 H25 H26 H27 H28 H31 H35 Sum of 

beds
Bed current 
values

96 132 140 147 152 98 103 148 125 137 145 106 160 102 88 132

Suggested 
bed values

94 96 88.614 96 96 94 94 96 96 96 88 88 94 94 94 96

Hospitals H37 H38 H42 H43 H46 H48 H49 H50 H51 H53 H54 H56 H64 H66 H68 H69
Bed current 
values

112 161 104 102 110 133 129 95 98 130 111 163 144 94 146 141 3984

Suggested 
bed values

88 88 88 88 88 88 88 88 95.674 88 88 88 88 88 88 88 2916.288

Table 9: DEA efficiency scores after reallocation
Hospital Efficiency Hospital Efficiency Hospital Efficiency Hospital Efficiency Hospital Efficiency
H1 1.00000 H15 0.11107 H29 1.00000 H43 0.90849 H57 1.00000
H2 1.00000 H16 0.47685 H30 0.47685 H44 1.00000 H58 1.00000
H3 0.26843 H17 0.47685 H31 1.00000 H45 1.00000 H59 1.00000
H4 0.34222 H18 1.00000 H32 1.00000 H46 0.90849 H60 0.47685
H5 1.00000 H19 1.00000 H33 1.00000 H47 0.47685 H61 1.00000
H6 1.00000 H20 0.34222 H34 1.00000 H48 0.90849 H62 1.00000
H7 0.34284 H21 1.00000 H35 0.34222 H49 0.90849 H63 1.00000
H8 0.81508 H22 0.34222 H36 1.00000 H50 0.90849 H64 0.90849
H9 1.00000 H23 0.34222 H37 0.90849 H51 0.90849 H65 1.00000
H10 1.00000 H24 1.00000 H38 0.90849 H52 1.00000 H66 0.90849
H11 1.00000 H25 0.90849 H39 1.00000 H53 0.34866 H67 0.47685
H12 0.34222 H26 0.90849 H40 0.47685 H54 0.90849 H68 0.90849
H13 0.34222 H27 1.00000 H41 0.47685 H55 0.47685 H69 0.90849
H14 1.00000 H28 1.00000 H42 0.90849 H56 0.90849 H70 0.47685
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decrease in each cluster to optimize the overall 
efficiency. This is consistent with the result of (32), 
which stated that the studied hospitals owned an 
average of 17.66 extra beds. Also (33), it was mentioned 
that considering the use of extra beds in the hospital 
was one of the effective factors in decreasing the 
efficiency of hospitals. 

Although most hospitals in the country are 
under a centralized decision-maker, conventional 
DEA models have been used in previous studies for 
efficiency evaluation. Conventional DEA models 
cannot be suitable because these hospitals are not 
private and cannot control their input variables 
independently. Therefore, this study can have 
reasonable and practical results. In the current study, 
all Social Security hospitals in the country were 
evaluated. This issue makes the findings of this study 
a better and more complete picture of the status of the 
Social Security hospitals, and the results of the current 
research can guide policymakers and healthcare 
managers for efficient resource allocation. Proposed 
values for beds used in the studied hospitals help the 
managers to reduce the waste of the bed due to its 
improper allocation. Given that beds are reallocated 
in a way that efficiency is increased, the results 
implicitly show the positive effect on improving the 
patients’ satisfaction.

The findings of this study could be used for 
efficient resource reallocation among the hospitals. 
The notable point in this model is that for all hospitals, 
the sum of the bed variable decreased, and the sum of 
output variables did not decrease.

Conclusion
In this study, the CDEA model were used to reallocate 
Social Security hospital beds in Iran to optimize 
its overall efficiency. Because the hospitals were 
nonhomogeneous in terms of size, to achieve logical 
results, it was necessary to cluster hospitals. Therefore, 
the hospitals were clustered into 4 clusters according 
to the experts’ points of view and statistical tests. 

As expected in all clusters, the total number of 
beds decreased. However, the reduction of beds 
should be made in the form of a comprehensive plan 
and consideration of all aspects. Since the annual cost 
of each bed is higher than its income, this reduction 
of beds in each cluster can play an essential role in the 
management of hospital costs. 

The research limitation of this study was that 
we did not have access to information about the 
number of physicians and nurses in the studied 
hospitals. It is suggested that other variables, such 
as the number of physicians and nurses should be 

used in future research. This model can be used 
to calculate the overall efficiency and resource 
reallocation of hospitals that are under the control of 
other centralized decision-makers such as Military 
and Ministry of Health. The use of different datasets, 
such as imprecise, uncertain, or fuzzy data, can be 
considered as interesting research topics. This model 
can be combined with other models, such as the 
Balanced Score Card (BSC). Other variables with 
qualitative nature are suggested to be studied. This 
model can be used to allocate extra beds.

Conflict of Interest: None declared.
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