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Introduction 
 
Lack of resources for the health care system, is 
one of the most important reasons for paying 
attention to efficiency, and appropriate use of 
existing facilities (1). Hospitals historically have 
been among the foremost providers of health 
care for underserved populations, giving this in-
stitutions extensive experience in providing ser-
vices to diverse patient. Hospitals are the main 
consumers of resources (2), and more than 50 
percent of health care system costs are allocated 
to hospitals, therefore these institutions should 
focus on reduced health care disparities, and im-
prove patient satisfaction (3). Achievement of 

technical efficiency of hospitals, produce aggre-
gate health outcomes and relatively efficiency ad-
vantages (4). Technical efficiency, refers to the 
capability of policy-makers’ decision-making to 
produce the maximum possible output to certain 
level of input (5). Estimation of input – oriented 
technical efficiency is defined as minimizing input, 
or consumed resources for a specific level of 
output (6). Data Envelopment Analysis (DEA) 
method, presented by Farrell, is a procedure to 
measure technical efficiency from a single – input, 
single-out put process to a multiple – input, mul-
tiple – output process (7). "Charnes", "Cooper", 
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and "Rhodes" first introduced DEA in 1978, and 
“Farrells” developed this approach by presump-
tion of Constant Returns to Scale (CRS) as a sen-
sitive model for assessing technical efficiency (8). 
Moreover, the second model of DEA was pro-
posed by the presumption of Variable Returns to 
Scale (VRS), in order to separate pure efficiency 
from scale efficiency (9). 
There are several factors that can affect hospital 
efficiency, for example hospital size whose influ-
ence can be displayed in two forms of Decreasing 
Returns to Scale (DRS) and Increasing Returns to 
Scale (IRS). A hospital may be too large for its 
amount of activities, and thus experiences lack of 
Diseconomies of Scale. On the other hand, it 
might be too small for giving services, and as a 
result, experiences Economies of Scale. In addi-
tion, because of providing the above situations, 
DEA method can provide the possibility of de-
termination of multiple-input, and multiple – 
output process simultaneously. For this reason, it 
has become the dominant approach for efficiency 
assessment of health care organizations and the 
other parts (10, 4). 
In addition to hospital size as one of the determi-
nant factors, the type of ownership, being special 
or general, and also the type of hospital practice 
as teaching or non-teaching, plays an important 
role in explaining economic performance of a 
hospital to create different motivations for eco-
nomical practice (11). Therefore, these variables 
have been noteworthy interest of researchers for 
a long time, and several researches have been 
studied in this area (4, 10, 12-18). 
According to WHO reports, the share of health 
care system monetary of Gross Domestic Prod-
uct (GDP) has increased from 4.6% to 6.75% 
from 2000 to 2012 in Iran (19). In this country, 
public, private, and social security types of hos-
pitals altogether constitute the set of health care 
system hospitals. The contribution of each type 
of hospitals related to provide hospital care in 
health care system is 65.97%, 14.62% and 6.63% 
respectively (20, 21). Bed occupancy rate (BOR) 
and patients’ length of stay (LOS) in hospitals 
affiliated with the Ministry of Health in Iran was 
70% and 3.38 days respectively (22, 23).  

The average of bed occupancy rate in hospitals of 
Ahvaz belonged to 2011 was about 66.71% ± 
13.81 versus the minimum rate for the year 2007 
(63.86% ± 11.88). Moreover, the average of 
length of stay (ALS) was 17.7 days for the year 
2007 versus 10.59 days in 2011 (24). More than 
60% of Uremia hospitals had low performance in 
terms of BOR and BTO (25). The overall ALSO, 
BOR and Bed Turn Over (BTO) rates in Qazvin, 
Iran were 4.1 days, 68.9% and 61.1 respectively. 
Besides, the studied hospitals need more im-
provement in managerial decisions in order to 
enhance their efficiency and productivity (26).  
There are different techniques assessing hospital 
efficiency indicators, including hospital perfor-
mance ratios, Data Envelopment Analysis (DEA), 
Stochastic Frontier Analysis (SFA), Pabon Lasso 
and so on (24). Hospitals account for a large 
share of health care system expenditures. There-
fore, use of resources is a significant goal in all 
health care system, particularly hospitals (25).  
Hospitals in Iran are not in an appropriate condi-
tion in terms of technical efficiency, and it is pos-
sible to improve Iranian hospitals’ efficiency to 
attain the international standards. Therefore, the 
aim of this study was to determine the technical 
efficiency, and its factors influencing in hospitals 
of Tehran using DEA method.  
 

Materials and Methods 
 
This research was a descriptive-analytical and ret-
rospective study conducted in 2014. Out of 110 
hospitals in Tehran City, 54 hospitals (including 
25 governmental hospitals, 19 private hospitals 
and 10 social security hospitals) entered the study. 
A self-researcher -made checklist used to collect 
data in 3 section demography details, and also 
inputs (number of active beds, number of physi-
cians, number of nurses and other personnel), 
and outputs (including number of outpatient vis-
its, number of surgery procedures, average length 
of stay and number of hospitalization days) (Ta-
ble 1). Data was collected with collaboration of 
studied hospitals of medical records departments.  
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Research Ethics Committee of Tehran University 
of Medical Sciences approved this research, and 
the researchers took the needful license from the 
studied hospitals administrators, and also assure 
the confidantibility of the data to the mentioned 
administrators. 
Data analysis was induced in two stages. In the 
first stage, technical efficiency scores were esti-
mated based on input-oriented model with the 
assumption of Variable Returns to Scale (VRS), 
using non – parametric methodology, known as 
the DEA method, and DEAP software 1.0.2.  
Deap (Distributed Evolutionary Algorithms in 
Python) software is an evolutionary computation 
framework for rapid prototyping and testing of 
ideas.  
On the other hand, “Coell” computer introduced 
a program written to conduct DEA for the pur-
pose of calculating efficiencies in production.  
Three principal options are available in the com-
puter program. The first involves the standard 
CRS and VRS DEA models that involve the cal-
culation of technical and scale efficiencies. The 
second options consider the extension of this 
model to account for cost and allocative efficien-
cies. The third option considers the application 
of Malmquist DEA methods to panel data to cal-

culate indices of Total Factor Productivity (TFP) 
change, technical efficiency change and scale effi-
ciency change (27). Eventually, the hospitals that 
were technically efficient, gained a score of 1 to 
100, and the hospitals that were inefficient gained 
an efficiency score less than 1 to 100. Therefore: 

r iMiny ( s s )

St :

     1   

j rj r ry s y   1
 
j= 1,200012 

r =(1, 2) 

ij j i ix s X   
 
i  = (1,2) 
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In the above model, θ shows the technical 
amount of efficiency of r, and hospital yrj 
represents the amount of output r in j hospital, 
and xij shows the amount of input i in j hospital. 
In this research, j includes the studied hospitals, 
and i include the amounts of 1, 2, 3, 4 for the 
number of physicians, nurses, other staffs, and 
the number of active beds respectively. Also, r 
includes the amount of 1, 2, 3 and 4 for the va-
riables of the number of outpatient visits, the 
number of surgeries, the average of patients’ 
length of stay, and the number of hospitalization 
days.  

 
Table 1: Demographic information, inputs, and selective outputs 

 

Hospital Ancillary Subgroups Inputs Outputs 

Ownership type Governmental, Private, Social  
security 

Active beds number Outpatients visit number 

Size Bed number Physician number Surgery number 
Hospital practice Teaching, Non-teaching Nurse number Average of patient length of 

stay 
Type of hospital General, Special Other medical staff number Hospitalized days 

 

In the second stage, the effects of the studied va-
riables on technical efficiency scores were as-
sessed using Tobit regression, because technical 
efficiency score as the dependent variable has a 
limited range of variations between 0 and 100%, 
unlike the typical regression in which the range of 
scores should not have any special restrictions. 
The second reason is that due to the limited 
range of variation of dependent variable (technic-
al efficiency), regression coefficients related to 

independent variables cannot be assessed by the 
least squares method. However, in Tobit regres-
sion, the assessment of those coefficients is poss-
ible. Previous studies also conducted on the effi-
ciency of hospitals, have used Tobit regression 
model (4, 12, 15, 22). In this study, the Tobit re-
gression model was used as following: 
Tobit (yj) = α0 a1  + xj1 + α2xj2 + α3xj3 + α4xj4 +…+ εj 

In this model, yj is the technical efficiency score 
for hospital j , xjn are independent variables, in-
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cluding hospital ownership, hospital size, type of 
hospital practice, α is the intercept model (fixed 
amount), and other α (Alphas) are regression 
coefficients related to independent variables. Fur-
thermore, εj is the error sentence, which has a 
normal distribution with mean of μ and standard 
deviation of σ. To analyze of this stage, STATA-
13 software was used. 
 

Results 
 
Table 2 summarizes the descriptive statistics of 
54 studied hospitals in Iran. There were varia-
tions in the average of input and output based on 
hospitals’ ownership. For example, the average 
number of active beds was 153 in social security, 
and 233 beds in governmental hospitals. Among 
other variables, such as the number of physicians, 
the number of outpatients visits, and average of 
length of stay of patients, there were much dif-
ference between governmental hospitals with pri-
vate and social security hospitals. 
Fig. 1 shows the distribution of technical effi-
ciency scores based on VRS model for the 54 

hospitals. Out of 54 hospitals, 17 (31.48%) of 
hospitals were 100% efficient, 23 (42.6%) with 
the efficiency score between 70 and 99.99, were 
relatively efficient, and 16 (29.6%) had an effi-
ciency score below 70. Furthermore, the lowest 
efficiency scores were in the range of 40 to 49. 
 

 
 

Fig. 1: The distribution of efficiency scores of hospi-
tals based on VRS model 

 

Table 2: Summary of descriptive of inputs and outputs variations 
 

Inputs variations average and standard deviation Output variations average and standard deviation 

Ownership number 
of  

hospital 

Active 
beds 

Physicians Nurses Other 
medical 

staff 

Surgery Hospitalized 
days 

Average of  
patient length 

of stay 

Outpatient 
visits 

Governmental  25 233 
(152.2) 

67 
(52.7) 

206 
(126.5) 

373 
(258.3) 

8509 
(7161.2) 

62562 
(47779) 

904 
(1.8) 

135746 
(106844.7) 

Private  19 155 
(77.6) 

50 
(22.8) 

160 
(89.4) 

321 
(204.2) 

7445 
(4479.2) 

51530 
(27116) 

3.7 
(0.9) 

233136 
(147359.7) 

Social security  8 153 
(113.4) 

65 
(32.5) 

147 
(102.9) 

3.98 
(239.1) 

8701 
(5063) 

39024 
(29934.5) 

3.4 
(1.4) 

293769 
(102403.9) 

 

A summary of the average of efficiency scores of 
hospitals based on their ownership is presented 
in Table 3. The average of VRS technical effi-
ciency scores for all hospitals was 81.9 or 0.819. 
The highest average of efficiency score was re-
lated to social security hospitals (84.32), and then 
private hospitals (84.29), and finally governmental 
hospitals (79.64) respectively. Out of 54 hospitals, 
only 17 (31.5%) hospitals were on the efficiency 
borderline. Out of 17 hospitals that had the best 
performance, 8 (42%) were private hospitals, 6 

(25%) were governmental hospitals, and 3 (30%) 
were social security hospitals. 
Table 4 presents the results of Tobit regression 
analysis. According to regression coefficient, hos-
pitals ownership had an adverse effect on tech-
nical efficiency. This means that technical effi-
ciency score reduced from the social security 
hospitals to governmental hospitals, and the ef-
fect of this variable was statistically significant 
(P=0.05). Hospital type (specialty or general) has 
a direct impact on technical efficiency. 
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Table 3: Distribution of technical efficiency scores with assumption of VRS based on ownership of hospitals 
 

Ownership Hospital 
number 

Average of 
score (%) 

VRS 

Standard 
deviation 

Minimum Maximum Efficient 
hospital 

Governmental 25 79.64 18.22 43.4 100 6 (25) 
Private 19 84.29 19.31 40.5 100 8 (42) 
Social security 10 84.32 19.31 60 100 3 (30) 

  

In specialty hospitals, technical efficiency was 
higher, and there was significant correlation be-
tween specialty and general hospitals with tech-
nical efficiency (P=0.02). Furthermore, hospital 
size had a significant impact on technical effi-
ciency with 90% confidence, so that by increasing 
the number of hospital beds, technical efficiency 
increased (P=0.008). Hospital practice type varia-
ble (teaching/non-teaching), was not statistically 
significant correction with technical efficiency 
(P=0.162), although in non-teaching hospitals, 
technical efficiency is higher than teaching hospi-
tals.  

Table 5 shows that 36 (67%) of hospitals had 
technical scale inefficiency, i.e. they were either 
too small or too large. Out of 54 studied hospit-
als, 24 (45%) of hospitals had increased output to 
scale ratio that means these hospitals should in-
crease the amount of inputs to achieve higher 
efficiency. 18 (33%) of hospitals had constant 
output to scale ratio, i.e. variation in amount of 
input had no effect on the efficiency of this 
group, and eventually 12 (22%) of hospitals had 
decreased output to scale ratio. Therefore, in or-
der to achieve higher efficiency, the amount of 
input should be reduced. 

 
Table 4: Estimation of the results of Tobit regression model 

 

Technical efficiency 
variation 

Regression 
coefficient 

Standard 
error 

t 
criteria 

p 
value 

Interval confidence 
95% 

Ownership -0.0027 0.0589 -0.05 0.005 (0.01212 0.1167) 
Type of hospital 
(special/general) 

0.1266 0.0525 2.41 0.02 (0.02110 0.2321) 

Hospital size 0.00037 0.00020 1.78 0.081 (-0.000047 0.00079) 
Hospital practice 
(teaching / non-teaching) 

0.1283 0.0903 1.42 0.162 (-0.0530 0.3097) 

Constant amount 0.1686 0.0164 -- -- (0.1353 0.2014) 

 
Table 5: Output to scale ratio among the studied hospitals 

 

Ownership Increasing (%) Constant (%) Decreasing (%) Hospital number (%) 

Governmental 14(56) 6(24) 5(2) 25(100) 
Private 8(42.1) 9(47.37) 2(10.53) 19(100) 
Social security 2(20) 3(30) 5(50) 10(100) 
Total 24(45) 18(33) 12(22) 54(100) 

 

Discussion  
 
“The establishment of specific and thoroughly re-
searched criteria to evaluate hospitals’ perfor-
mance is very important, because there is a huge 

and increasing amount of public resources dedi-
cated to healthcare. Therefore, it is necessary to 
design a system to evaluate health care perfor-
mance in order to discover and improve potential 
inefficiencies” (28).  
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A major issue for health care system is accommo-
dation of the needs of people covered by this sys-
tem. For hospitals, a traditional response to this 
increased demand might be added resources such 
as more staff and beds. 
Such actions would be unaffordable and unneces-
sary. Researches has demonstrated that large 
gains in managed efficiency cause achieve im-
proved bad occupancy rate, without adding beds, 
through streamlining patient flow and redesigning 
care process (29). In Iran, hospitals have expe-
rienced reduction in budget, while there is an in-
creasing demand for health services. Such condi-
tions have caused limitations as to the use of fi-
nancial resources for hospitals (5, 20). This ne-
cessitates the evaluation of the hospital efficiency 
and productivity, and the factors affecting them. 
Moreover, there are changes under way within 
lending organizations that suggest significant im-
provements in quality and value can be achieve 
(30). 
This research is the first study about hospital effi-
ciency that induced after establishment of health 
care overhaul plan in Iran. Therefore, inefficiency 
of most hospitals in Tehran, especially in public 
sector is very important issue for health care poli-
cy makers, regardless more allocation of budget 
to governmental hospitals. 
The results of this study showed that approxi-
mately 70% of studied hospitals are inefficient; 
therefore, they do not utilize their resources opti-
mally. In fact, they need to improve their perfor-
mance. In addition, our study showed that the 
kind of hospital ownership, hospital type and 
hospital size influenced technical efficiency, and 
it was confirmed by significant statistical correla-
tion. 
Our results showed that private hospitals are 
more efficient than governmental and social se-
curity hospitals. This finding is compatible with 
Chang et al. results (12). One of the main reasons 
that governmental hospitals are less efficient than 
other hospitals is that, governmental hospitals are 
principally assure social benefit, and removed 
health care problems in the community, while 
private hospitals can pursue economic goals, be-
sides the above goals as well. The second reason 

could be related to the provision of health care 
services with different costs. Governmental hos-
pitals must work with public sector’s tariff which 
is much lower than the tariff of the private sector 
(12, 21). On the other hand, it should be noted 
that private hospitals due to their ownership, they 
work under conditions that enable them to pay 
more attention to augment more health services 
by creating changes in hospital inputs due to hav-
ing more flexibility in work procedures and regu-
lations. For example, in private hospitals, the 
physicians are more active, and practice as share-
holders of the hospitals. This makes physicians 
practice actively only when necessary. Thus, pri-
vate hospitals consume their inputs with full flex-
ibility. But governmental and social security hos-
pitals should use physicians as full-time practi-
tioners according to governmental regulations (31, 
32). Jehu-Appiah et al. in Ghana (4), reported 
different results about this claim. In Ghana, the 
efficiency of governmental hospitals is more than 
private hospitals. The reason could be related to 
the payment system in Ghana in which govern-
mental hospitals are supported based on annual 
fixed budget which trend to reduce extra costs, 
and as a result, increase efficiency (4). 
Studies that have examined the impact of the 
kind of ownership on hospital efficiency, have 
obtained inconsistent, and sometimes contradic-
tory results (4, 12, 33). A study in Germany 
showed no relationship between these two va-
riables (34). Private ownership of hospitals had 
negative impact on their efficiency (4), while in 
current study, this impact was positive. Govern-
mental hospitals were potentially more efficient 
than private hospitals (10, 16). However, technic-
al efficiency in governmental hospitals was lower 
than private hospitals (12). Although, the current 
study showed that the highest efficiency was re-
lated to private hospitals, but social security and 
governmental hospitals were in the next rankings 
respectively. The other results of current study 
showed the influence of hospital size on technical 
efficiency, i.e. technical efficiency was increased 
by increasing the number of beds. This is com-
patible with other results in Taiwan (17), in South 
Korea (15) and in Iran (35), which showed that 
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larger hospitals had more efficiency. Furthermore, 
in Ireland the efficiency of larger hospitals was 8% 
to 18% more than smaller hospitals similar to our 
results (36). In private and governmental hospit-
als in the US, larger hospitals were more efficient 
than smaller hospitals in both private and public 
sectors (37). A significant positive correlation be-
tween the size and efficiency of the hospital is 
reported (16). Although, reverse results are re-
ported; for instance, using extra beds in hospital, 
is one of the factors affecting the decrease of 
hospitals’ technical efficiency (38). Perhaps, the 
one reason for this inconsistency can be attri-
buted to diversity in hospital size.  
This question arises if technical efficiency is more 
in larger hospitals, how far this trend will contin-
ue. In response to this question, in developing 
countries, a number of researchers recommended 
the size of hospitals up to 190 beds in order to 
achieve high efficiency, while some suggested 120 
beds to achieve greater efficiency, and they be-
lieved the average length of stay of patients 
would be shorter, and technical efficiency index 
of hospitals would be higher in the (17, 35). The 
reason for this difference may be related to dif-
ferent situations in developed and developing 
countries. 
Specialization of health care system may improve 
the performance of hospitals. The previous re-
searches confirm this hypothesis. For example, 
there was a significant relationship between tech-
nical efficiency and specialization of hospitals 
(15). This means that specialized hospitals are 
more efficient than general hospitals. This is simi-
lar to the results of the current study. According 
to Tobit model, being specialized or general has a 
positive impact on hospital efficiency.  
The present study also examined the impact of 
teaching or non-teaching hospitals on technical 
efficiency. Only few teaching hospitals could ef-
fectively compete with non-teaching hospitals 
based on service delivery to patients (13). In addi-
tion, the efficiency score of teaching hospitals 
was less than non-teaching hospitals (15). This is 
similar to the results of the current study in that 
based on Tobit regression results; the efficiency 
of non-teaching hospitals is less than teaching 

hospitals in Iran, although it was not approved by 
statistically methods. Finally, in this study, 
24(45%) of hospitals made increasing output to 
scale that corresponds to the results of Jandaghi 
et al. (39). 

Limitation of the study 
 
One of the main limitations of the present study 
is, conducted at one specific time. A longitudinal 
study would be useful, although limited resources 
make this difficult. Second, many other factors 
that influence the hospital efficiency has not been 
included in our research. Therefore, it might not 
be accurate to state absolute conclusions about 
hospitals efficiency using the results of this re-
search. 
 

Conclusion  
 
Most of the studied hospitals are inefficient. This 
inefficiency is more in the public sector. Changes 
in the efficiency of the studied hospitals are un-
der the influence of ownership, size, type of prac-
tice and type of hospitals. Thus, different owner-
ships, sizes, types of practice and type of teaching 
and non-teaching hospitals can cause positive, 
negative, or neutral effects on changes in technic-
al efficiency due to different hospital conditions. 
Private and social security hospitals have greater 
efficiency. The effect of size of hospital was posi-
tive impact on hospital efficiency in this study, so 
that efficiency improves by increasing the num-
ber of beds. Moreover, teaching hospitals reduce 
efficiency. These results have important practical 
implications for health care policy-makers. With 
increasing competition, health care organizations 
currently are inevitable to compete more for sur-
vival in the health care market. Moreover, hospit-
al administrators also can improve the situation 
of inefficient hospitals by changing input and 
output variables besides recognition of the effects 
of specialization, size and being non-teaching on 
hospitals’ efficiency. 
We suggest the competition system should be es-
tablished between governmental, private, and so-
cial security hospitals by health care policy – mak-
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ers. Besides, constitution of medium size hospit-
als according to international standards with spe-
cial mission, and allocation of budget to hospitals 
based on national accreditation system one rec-
ommended by the authors. 
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