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ABSTRACT

Introduction: Recourse allocation is very important in today’s highly competitive environment to enhance the quality and reduce costs
due to limited resources and unlimited needs of the society. The aim of this study was to implement resource allocation in order to
improve the efficiency of hospital.

Method: This is a mixed method study. The data used in this paper are secondary data related to the 30 large acute and general
hospitals in the US. Bed, service mix, full-time equivalent (FTE), and operational expenses are input indicators in hospital, and adjusted
admissions and outpatient visits are output indicators. Using goal programming (GP) model and data envelopment analysis (DEA)
model with a common weights, we suggest three scenarios for resource allocation and budget allocation. “Resource allocation based on
efficiency”, “budget allocation based on efficiency” and “two stage allocation of budget”. The first scenario was used for allocating the
resources and the second and third ones for allocating budget to decision making units (DMUs). The data were analyzed by LINGO
software.

Results: Before the allocation, four hospitals were efficient and the efficiency of six hospitals was less than 50%, but after allocation, in
the first case of the first scenario 14 hospitals, 11 hospitals in the second case of the first scenario, 24 hospitals in the second scenario and
17 hospitals in the third scenario were efficient, and it is an important point that after the allocation, efficiency of all hospitals increased.
Conclusion: This study can be useful for hospital administrators; it can help them to allocate their resource and budget and increase

the efficiency of their hospitals.
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Introduction

Health care centers and hospitals use more than 50% of
the health resources (1); also, health resources are limited
and there is resource shortcoming in many countries,
especially in low income countries, so resource allocation
is important for health care system (2). There are several
methods to allocate resources in the health care centers,
one of which is DEA .

DEA is a non-parametric method used to calculate
the efficiency of similar DMUs. DEA was introduced
by Farrell (3) and developed by Charnes, Cooper, and
Rhodes for measuring the efficiency of a set of DMUs
(4). Golani and Tamir allocated resources to DMUs with
the goal of maximizing common outputs, and a simple
programming model based on DEA was used (5). In this
regard, Cook and Kress offered two-phase method. In first
phase, technical efficiency of DMUs was obtained using
CRS model and in the second phase, fixed resources was
allocated to the DM Us, and their efficiency did not change

after allocation (6). Therefore, Cook and Zhou developed
two-phase method of Cook and Kress (7). Teimoori and
Kordrostami proposed an alternative allocation approach
based on DEA, to obtain a unique allocation, taking
into account additional restrictions provided by Beasley
(6, 8, 9). Du et al. proposed an iterative approach based
one cross-efficiency in which all DMUs are involved
with one another so as to adjust the allocation for better
performance until no one can further improve (10).
Also, Chih-Ching Yang developed a new approach with
introducing population-based health indicator into DEA
(11).

The weights from the DEA were achieved in such a
way that the relevant DMUs had the highest efficiency
possible. Thus, the weights chosen for input and output
of each DMU can be different and efficiency of DMU can
be achieved through several different ways. For example,
in the DEA, a DMU can be efficient through its weight
distributed equally between the different inputs and
outputs or it can be efficient by taking a great weight on
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one or more factors, and assign a zero or very little weight
on other factors (12). Therefore, Cook et al. introduced the
common weight method to restrict the weights in DEA
to be used for evaluation of highway maintenance units
(13). Kousmanen et al. evaluated efficiency while price
of inputs and outputs were the same for all units, using
the common weight in DEA (14). Moreover, Liu and Peng
suggested a method for determining common weights
for performance indicators of efficient DMUSs. Then, the
DMUs were ranked according to the efficiency that was
given to them by the CSW (Common weights analysis)
(15). Amin and Toloo proposed a model to find the most
efficient DMUs, using common weights (16). Li and Cui
proposed a resource allocation framework consisting of
variable-output model, inverse DEA, the common weight
analysis and additional resource allocation algorithm (17).
A model was proposed by Bi, Ding, Luo, and Liang based
on DEA with common weight for resource allocation and
setting of output target in parallel production systems (18).
Also, Davoodi and Zhiani Rezai introduced a common
weights DEA approach using a linear programming
problem and multi-objective model to measure the
efficiency of the DMUs (19). Hosseinzadeh Lotfi et al.
also proposed a common-weights DEA approach to deal
with zero-value weights (12). This method is used in our
study, and they showed how resources can be assigned to
the DMUs and accordingly how the expected common
increase in all outputs set by the decision maker can be
assigned to the DMUs adequately.

The scenarios proposed in this research are a combination
of common weight, DEA and recourse allocation which
has received less attention in other studies. Allocation
in all scenarios based on more resources is allocated to
DMU which has the higher efficiency. In the first scenario,
resources are assigned and for the other two scenarios,
budget is allocated.

Methods

This is a mixed method study. To achieve the goals of
this paper, we first reviewed the related literature and then
proposed three allocation approaches using the common
weight DEA. Also, the data used in this paper were taken
from the book entitled “Health care benchmarking and
performance evaluation” (20). These data are from thirty
hospitals with 500 or more beds in the US which is drawn
from 2011 AHA and CMS databases.

The model used in this study is a Goal Programming
(GP) model to calculate common weights that followed
minimum deviation of common weight from the values
calculated by the DEA’s primary. The advantages of
GP model are linearity, applicability, and meaningfully
estimated weights. This model was presented to the
allocation of resources by Lotfi et al. (13); this model with
n DMU, m input and s output is explained below.

Min Y1 9; (1)
st Xi=Yrj-Bizvixij +9;=0, j=1.n (2)
0;20, up, v 26 Yl (3)

X; is the amount of input i allocated DMU j, Vi is the
amount of output r allocated DMU j, u_is weight allocated
output r, v, is weight allocated input I, and @, is the sum of
negative and positive deviation. The efficiency of DMUs
is obtained as follows, assuming the optimal value is
'y 0)):
#® _Zi=1u;yrj _1. w;

O = Ty iy

vj. (4)

In the next section, three scenarios are presented with the
aim of improving efficiency by increasing resource.

1. Resource allocation based on efficiency

The goal of this scenario is increasing the efficiency of
DMUs in such a way that most resources are assigned
to the DMU which has the most efficiency. The general
model for this scenario is achieved with little change in
the model (1).

Min  ¥j=19; (5)
st Xio Uy - Mg vy + %) + ;=0 j=1, ..n (6)
Xioq %y =bi i=1.m (7)
PpXy =0, v = 8, Vi, L (8)

x'ij is a new decision variable which means the amount
of the source i that is allocated to the DMU j and b, is the
fixed amount of source 1 which is intended to be allocated
to the DMUs. Each DMU’s efficiency is obtained from the
following equation.

. By ®; .
el j=1.n (9)
i Vi Ceijtig) A G

To achieve the goal of this scenario, we considered
two approaches, “Resource allocation based on overall
efficiency” and “Resource allocation based on input
efficiency”.

In “Resource allocation based on overall efficiency”, the
criterion for allocation of resource is DMUs efficiency;
in other words, most resources are allocated to the DMU
which has the most efficiency. Therefore, at first DMUs
are arranged based on more efficiency to less efficiency,
and then we compare the DMUs, two by two from top to
bottom, which leads to creation of sequential constraints
and these constraints are added to the model (5). Sequential
constraints are as follows.

9] 2 Qk x[-j 2 Xik

Vi, j, k.

After the first resource allocation, if DMU exists and
its new efficiency is lower than its initial efficiency, it
indicates that in this DMU, strengthening the allocation
of this resource has not worked and another resource must
be allocated to it. If their efficiency increases the ratio of
initial efficiency, the operation stops. Otherwise, it will
continue until the last resource allocation.

In the second approach “Resource allocation based on
input efficiency”, resources are allocated like the first case,
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with the difference that, for the allocation of each resource
sequential constraints are written based on that resource
efficiency. To obtain the efficiency of each resource, in the
model (1) only relevant resource (input) is considered with
all output, so relevant resource efficiency is obtained using
the equation (4).

2. Budget allocation based on efficiency

In this scenario, as the previous scenario, most budgets
are assigned to the DMU which has the most efficiency.
Sequential constraints in this scenario that is added to
model (10) are as follows.

= 0 > 6;

B; = By Vi, j, k

The proposed model for this scenario is as follows:

Min X7 @; (10)

X - Uy Yy EDNi vi(x + %) +9;=0, j=1,.n, (11)

Ziycix X5 =Bj j=1.n, (12)

T B =B (13)

<p,-,;’ci,zo, uy,v; = & Vjri (14)

B is assignable budget, B_jis the allocated budget to DMU
j and c_i is the cost of resource i. Each DMU’s efficiency
is obtained from the equation (9).

3. Two-stage budget allocation

In the first stage, a certain amount of assignable budget is
divided between all DMUs equally to allocate different
resources. The allocated budget to each resource in DMUs
is obtained using the model (10) (constraint (13) is deleted
and B_jis fixed budget) and the efficiency of DMUs is
obtained from the equation (9).

In the second stage, the remaining budget is allocated
to DMUs based on the increase that DMUs had in their
efficiency, in the first stage. In fact, most budgets are
assigned to DMU which had the greatest increase in its
efficiency. Model (10) runs for this stage with the relevant
sequential constraints.

Results

In this research, 30 hospitals were considered with 4 inputs
and 2 outputs, for allocating the resources. Bed, Service
mix (The number of services provided by hospitals), FTEs
(Total hours worked per week) and Operational Expenses
(The operating costs per week) are inputs and Adjusted
Admissions (The number of hospitalized patients per
week) and Outpatient Visits (The number of outpatients
per week) are the outputs.

The initial efficiency of 30 hospitals was obtained using
model (1) and equation (4). The results are shown in the
second column of Table 1. According to the results, 4
hospitals were efficient and 6 hospitals had an efficiency
less than 0.5; the other hospitals were between the two
groups.

1. Resource allocation based on efficiency
For allocating the beds, 29 sequential constraints were

added to the model (5) based on initial efficiency, in
“Resource allocation based on overall efficiency”. The
first and second constraints are given below.

K 5>=x' K 5>:X’

1,1 1,26 1,2 1,27

2 hospitals, No 28 and 15, which were efficient, their
efficiency has fallen after allocating the beds. This shows
that increasing the number of beds had not worked in these
hospitals. In the second stage, model (5) was implemented
only for these two hospitals for allocating service mix
and sequential constraint x'2‘|5>= xrl28 was added to the
model (5). After allocation, the assigned service mix for
both hospitals was 700 and efficiency of the hospital No.15
was 0.94 and hospital No.28 was efficient. Efficiency of
hospital No.15, compared to its initial efficiency, has not
still increased. In the third stage, all of the third resource,
“FTEs” was allocated to this hospital and finally the
fifteenth hospital was efficient.

In the second approach, “Resource allocation based on
input efficiency”, first the bed efficiency of all hospitals
was obtained; then, 29 sequential constraints were added
to the model (5), based on bed efficiency.

After allocating the beds, efficiency of all hospitals, except
two hospitals No.15 and 28, increased, so service mix
efficiency was calculated for these two hospitals and based
on them a sequential constraint was added to the model
(5) and service mix was assigned to them. Allocating
service mix was the same for these two hospitals and
hospital No.28 became efficient and efficiency of hospital
No.15 decreased to 0.94, like the previous approach. So,
allocating FTEs was considered for this hospital. Because
there was a hospital for the allocation, there was no need
to calculate FTEs efficiency and all of this resource was
allocated to it. Finally, hospital No.15 became efficient by
allocating “FTEs”.

2. Budget allocation based on efficiency

The cost of each resource for bed was considered
20,000,000 Rial, for service mix it was 100,000,000 Rial,
for FTEs 500,000 Rial and for Operational Expenses 1
Rial (Operational expenses are made of cost, so its cost
is 1.)

The results of the “Budget allocation based on efficiency”
arc listed in Table 1. In this scenario, 24 hospitals
were efficient after allocation. The average efficiency
of inefficient hospitals was 0.79; also, no budget was
allocated to them. 15 hospitals spent all their budgets to
“Operational Expenses”; this shows their weakness in this
resource and only 4 hospitals considered budget for “bed”.

3. Budget allocation in two stages

In the first stage, 30% of the budget was divided equally
between hospitals. In the second stage, sequential
constraints were added to the model (10) according to
the difference between efficiency of before and after
allocation. Three hospitals, 7, 4 and 5, had the maximum
difference between efficiency of before and after
allocation. Thus, these hospitals allocated most budgets
to themselves. Results of the first and second stages are
presented in Table 1.
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Table 1. The budget allocated to each resource and hospital efficiency after the allocation in “budget allocation based on efficiency”

and “two stage allocation of budget”

e 5 Assipned Endzet Assipned Bed Assipnpd service mix Astipmed FTEs Assipned Operational Expenses efficiency afier allocation
32 332 32 331 332 3z 331 332 32 331 332 32 331 332 32 331 332
H1 056 T1244360 143086900 L o o o 6 14 a '} 61.74 712172310 L 4] 1 0.73 0.85
HI 041 o 143086900 L o o o 6 14 a '} 61.74 a L 4] 083 0.56 0.64
H3 083 323073400 143086900 L 3 31 o o o 3447 351 '} 5134 151031300 L 3.B4EHIT 1 1 1
H4 073 I55E2IE00 143086900 L o o o 6 1 240218 '} 1930.41 131160800 L 35116300 1 008 1
Hi 0.62 134003900 143086900 L o 31 o 6 3 2413.13% '} 28.56 114170000 L DE5ET4T 1 001 1
HE 0.63 T6236570 143086900 L o o o 6 14 a '} 61.74 TEII0H0 L 4] 1 0s 0.03
HT 0.63 90971300 143086900 b [ p] 0 [ o [ 0 194123 90954350 0 25213.82 1 0.26 1
HE 043 o 143086900 L o o o 6 14 a '} 61.74 a L 4] 089 0.58 0.67
083 323073400 143086900 L o 2 o o 4 3783.87 4002 101133 133070400 12548900 4. 83EHT 1 1 1
HLO 0.62 THE040T0 143086900 L o L] o 6 14 1115803 '} 61.74 66502240 L 4] 1 0.78 0.01
HIL1 0.6 I55E2IE00 143086900 L o T o 6 o a '} 11.06807 255770000 L 2533520 1 0.87 1
HII 093 J4TEEMDD 143086900 L o o o o 1 a FI026 B0.3 347624900 J148TOF0 L20E+H1E 1 1 1
HI13 0.6 134003900 143086900 61 o o o 6 14 a '} 61.74 113122200 L 4] 1 0.81 0.08
HL4 091 323073400 143086900 71 L] 1 0 0 & a 67274 163.51 170645100 26361820 7.20E-H)T 1 1 1
HLS 1 J4TEEMDD 143086900 L o 1 o o o 334138 M358 1000.84 180536000 47716640 9.06E-HT 1 1 1
HLS 093 J4TEEMDD 143086900 L o o o o 4 324342 5164 1446 185433700 S5736TE00 LOIEHIE 1 1 1
HL7 0.67 134003900 143086900 [ [] [] [ [ 14 [] [ 61.74 34B2T4D0 [ [ 1 0.7 0.01
HI1Z 042 4] 143086900 L o o o 6 14 a '} 61.74 a L o 093 0.64 0.74
HL? 032 4] 143086900 L o o o 6 14 o '} 61.74 a L o 0.67 047 0.34
H 084 322641400 143086900 3 L] 2 0 6 T a 0 40.02 317163900 0 6.70E-H)T 1 0.05 1
H2 076 322641400 143086900 0 L] 34 0 6 1] [ 0 3826 322584500 0 TIIEHT 1 0.04 1
H22 0.62 THE4070 143086900 0 L] L] 0 6 14 A6.66 [} 61.74 G0ER0180 0 ] 1 0.77 0.87
H3 037 ] 143086900 0 L] L] 0 6 14 0 0 61.74 0 0 ] .66 048 0.54
H24 .66 1858157200 143086900 ° o o o 6 14 L] ] 61.74 186771000 ° 0 1 0.83 0.56
H2S 041 ] 143086900 L L] L] 0 6 14 [ 0 61.74 0 0 ] 0.72 0.54 0.62
H2§ 1 J4TEEMDN 143086900 0 L] L] 0 0 1] a 0 a 347624900 A0D0DI00 143086900 1 1 1
H27 1 J4TEEMDD 143086900 0 L] L] 0 0 1] nrm 0 a 333728400 AOD0DI00 143086900 1 1
Hi2 1 47660400 30479330 0 o o o 6 o 246783 a L 224233500 0 S4TIEI0 1 0.00 1
HI9 073 I55E2IE00 143086900 33 o 50 o 6 2 175 '} 161 182895100 L SODG6EE 1 09 1
H30 072 I55E2I800 143086900 L o o B 6 14 3119 '} 6174 174135500 L 4] 1 028 1

Columns 3.2 are results “Budget allocation based on efficiency” scenario, Columns 3.3.1 are first stage results of “Budget allocation
in two stages” scenario and Columns 3.3.2 are second stage results of “Budget allocation in two stages” scenario.

According to Table 1, 17 hospitals became efficient
after budget allocation and the average efficiency of
the remaining hospitals was 0.78. In all hospitals that
remained inefficient after allocation, all the budget was
allocated to the “service mix”, and also all funds of the
three hospitals, No. 26, 27 and 28, was dedicated to the
“Operational Expenses”.

Discussion

Two cases ‘“Resource allocation based on overall
efficiency” and “Resource allocation based on input
efficiency” in the first scenario are compared with each
other in Figure 1.

4 hospitals had high efficiency in utilizing of beds, but
their efficiency was low and in the first case no bed was
assigned to them. Finally in 5 hospitals, bed was given
to them in both cases; this shows both efficiency and bed
efficiency in them are relatively high.

Next, the correspondence between the second and third
scenarios are discussed. In other words, it is specified in
Figure 1 that how much budget has been allocated to any
resource, in the second and third scenarios.

Generally, service mix efficiency is the lowest efficiency
among other inputs. This causes the lowest budget to be
allocated to the service mix and most to the operational

Figure 1. Bed allocation to each hospital in the two cases of first scenario
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Bed is allocated to 11 hospitals in the first case; efficiency
of these hospitals were relatively high, but they had poor
performance in utilizing the beds. 10 hospitals were weak
because both their efficiency and bed efficiency were
weak and beds were not assigned to them in any two cases.

expenses in the second scenario. However, as can be seen
in the third scenario, most budget was allocated to service
mix and lowest to the FTEs. In the third scenario, allocating
budget between inputs was a little more balanced than the
second scenario because in the third scenario, the budget
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Figure 2. Assigned budget to each resources in second and third scenarios
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was divided into two stages and in the first stage a certain
budget was divided equally between all hospitals.
Generally, service mix efficiency is the lowest efficiency
among other inputs. This causes the lowest budget to be
allocated to the service mix and most to the operational
expenses in the second scenario. However, as can be seen
in the third scenario, most budget was allocated to service
mix and lowest to the FTEs. In the third scenario, allocating
budget between inputs was a little more balanced than the
second scenario because in the third scenario, the budget
was divided into two stages and in the first stage a certain
budget was divided equally between all hospitals.
Hospitals in the second and third scenarios were divided
into 4 clusters, based on the amount of allocated budget
to their input. 4 clusters of the second scenario are as
followed: 1) weak efficiency in bed and service mix: 11
hospitals have been allocated all their budgets to FTEs
and operating costs, in this scenario. 2) Weak: 6 hospitals
had not allocated any budget to them. 3) Good efficiency
in operational expenses: 9 hospitals had allocated all
their budgets to the fourth input. 4) Good efficiency in
operational expenses and Beds: 4 hospitals had allocated
their budgets to operational expenses and bed, on average.
4 clusters in the last scenario are as follows: 1) Good
efficiency in FTEs and service mix: no budget was
received for beds and operational expenses in 14 hospital.
2) Good efficiency: 8 hospitals dedicated their budget to
all inputs. 3) Weak efficiency in service mix: 4 hospitals
in all hospitals allocated no budget to service mix. 4)
Weak efficiency in bed: In four hospitals, no budget was
considered for beds.

Finally, the relationship between these two clustering is
shown in Table 2.

Each row in Table 2 shows the strengths and weaknesses of
the existing hospitals in the row. For example, the first row
hospitals had good efficiency in the use of FTEs and weak
efficiency in bed or fifth row hospitals had weak efficiency,
but the two inputs FTEs and service mix had performed
better than the two other inputs. Or in the hospital 26, input
operational expenses had the highest efficiency and highest
efficiency service mix had the lowest efficiency among
its other inputs. Finally, it can be concluded from Table
2 that each organization has its own unique path which
may not be emulated by other organizations. Therefore,

m Third scenario

58,4%

ot
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= #
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each hospital must draw its roadmap toward increasing
efficiency and improve it by analyzing its situation and the
resources available.

Conclusion

Allocation in proposed scenarios in this paper is based on the
fact that each DMU has more efficiency and subsequently
its resources could be better used than other DMUs; more
allocation is awarded to the DMU. The significant point
in the first scenario is that after allocation, 46 percent of
hospitals were efficient in the first case, and 36 percent in
the latter, but the average efficiency in hospitals was 0.89
and relative improvement in the efficiency was 18% in the
first case and 0.91 and 20% in the second case, respectively.
It can be concluded that for allocating resources, the latter
is more appropriate if the purpose of hospital is improving
efficiency of all units. But if the purpose of the hospital is
increasing the number of efficient units in the hospital, the
first case “resource allocation based on overall efficiency “
is more appropriate.

In the second and third scenarios, considering that both
were related to budget allocation, after allocation, 80
percent of hospitals were efficient in the second scenario,
and 56% in the third scenario. If it is important for the
budget providing organization that budget is allocated to
all hospitals and also the hospitals with greater efficiency
receive more budgets,, the third scenario is more
appropriate. But if only it is important that more budgets
be allocated to hospitals with greater efficiency, the second
scenario is more appropriate.

In future research, it is recommended that other approaches
should be used to increase the efficiency of DMU, for
example transferring resources between DMU or a
combination of the transferring and allocating resources
and budget. Also, other input and output factors can be
considered, for example qualitative input and output
factors such as customer satisfaction and employees.

A limitation of this study was lack of consideration of all
hospital goals of allocating resource and budget. In this
paper, the goal of allocation was increasing of hospital
efficiency which is a general goal.
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Table 2. The relationship between second scenario clusters and third scenario clusters

Hospital

Second scenario clusters

Third scenario clusters

H10,H22,H30

weak efficiency in bed and service mix

Good efficiency in FTEs and service mix

HS5,H9

weak efficiency in bed and service mix

Good efficiency

H3,H15,H27

weak efficiency in bed and service mix

Weak efficiency in service mix

H4,H16,H28

weak efficiency in bed and service mix

Weak efficiency in bed

H2,H8,H18,H19,H23,H25

Weak

Good efficiency in FTEs and service mix

H1, H6,H17,H24

Good efficiency in operational expenses

Good efficiency in FTEs and service mix

H7,H11,H21

Good efficiency in operational expenses

Good efficiency

H26

Good efficiency in operational expenses

Weak efficiency in service mix

H12

Good efficiency in operational expenses

Weak efficiency in bed

H13

Good efficiency in operational expenses and Beds

Good efficiency in FTEs and service mix

H14,H20,H29

Good efficiency in operational expenses and Beds

Good efficiency
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