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Abstract
Background: Hospitals are highly resource-dependent settings, which spend a large proportion of healthcare 
financial resources. The analysis of hospital efficiency can provide insight into how scarce resources are used to 
create health values. This study examines the Technical Efficiency (TE) of 12 teaching hospitals affiliated with 
Tehran University of Medical Sciences (TUMS) between 1999 and 2011.
Methods: The Stochastic Frontier Analysis (SFA) method was applied to estimate the efficiency of TUMS 
hospitals. A best function, referred to as output and input parameters, was calculated for the hospitals. Number 
of medical doctors, nurses, and other personnel, active beds, and outpatient admissions were considered as the 
input variables and number of inpatient admissions as an output variable.
Results: The mean level of TE was 59% (ranging from 22 to 81%). During the study period the efficiency  
increased from 61 to 71%. Outpatient admission, other personnel and medical doctors significantly and 
positively affected the production (P< 0.05). Concerning the Constant Return to Scale (CRS), an optimal 
production scale was found, implying that the productions of the hospitals were approximately constant.  
Conclusion: Findings of this study show a remarkable waste of resources in the TUMS hospital during the 
decade considered. This warrants policy-makers and top management in TUMS to consider steps to improve 
the financial management of the university hospitals.
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Introduction
Hospitals are the leading costly units among health service 
delivery settings, which consume a large proportion of limited 
financial resources (1). Inefficient use of resources in hospitals 
is particularly common in the developing countries. Iran 
makes no exception (2,3). Escalating healthcare expenditures 
triggers cost crisis in developing nations. This poses various 
challenges in resource allocation and budgeting (4,5).
On the demand side, patient expectations, demographic 
characteristics, and disease models have changed. Patients seek 
quality services with the highest effectiveness. Populations 
are aging and diseases are transforming from communicable 
diseases to chronic diseases. These phenomena upscale the 
burden of diseases and subsequent demand and cost crisis. 
On the other hand, inefficient use of resources in hospitals 
limits the provision of health service  to populations, in turn 
leading to an increased unmet demands and worsening cost 
crisis (6,7). Given these challenges, the impetus for improving 
the efficiency of hospitals has been amplified. In order to 
give insight into value in terms of health service outputs that 
can be obtained by available resources, various studies assess 
Technical Efficiency (TE) of hospitals.
TE is defined as the relationship between outputs (measured 
in terms of both quantity and quality such as monetary 
terms) and inputs (the resources used to produce heath 
outputs such as patient care). In a simple term, an efficient 

Decision Making Units (DMUs) produces a given amount of 
outputs using a lower amount of inputs than it used to do, or 
produces a higher amount of outputs using a given amount of 
inputs (8). The lack of TE may result from poor management 
of resources such as the  use of specialists for activities that  
can be performed by nurses, inappropriate use of medical 
equipment‚ and/or a lack of productivity (9–12). 
Multiple studies have used  the Data Envelopment Analysis 
(DEA) and Stochastic Frontier Analysis (SFA) methods 
to assess the TE of hospitals in the developed (13–15) and 
developing countries (16,17). Only few studies are conducted 
using the SFA regardless of the country studied (18,19). 
Studies on the efficiency analysis of hospitals in Iran, in 
line with studies in other countries, mostly rely on the 
DEA method. A review by Kiadaliri et al. (18) on hospital 
efficiency in Iran reveals that DEA is the dominant method 
for hospital efficiency analysis. They report that out of 43 
studies, a large majority has used DEA methods. They found 
that studies based on DEA report a higher efficiency score 
than studies applying SFA. Evidence of these studies advances 
understandings on the productivity of hospitals and hospital 
expenses in Iranian hospitals (18). However, few studies have 
discussed research implications of findings based on the DEA 
method for the hospital efficiency (20–22). Researchers apply 
this method thanks to its simplicity in dealing with input and 
output variables.
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Other researchers consider variables that are taken into 
consideration in efficiency analysis. Afzali et al. proposed 
a generic conceptual framework to capture suitable 
(conventional and non-conventional) variables of hospital 
structure, throughputs, outputs, and outcomes for TE 
analysis of general hospitals in Iran (2). They also reported 
factors that impact efficiency of hospitals. Afzali et al. found 
that organizational factors, skill and expertise of hospital 
managers, and remedial practices affect hospital efficiency in 
the Iranian Social Security Organization (SSO) (23).
The main objective of the present study is to measure the 
TE of teaching hospitals affiliated with Tehran University of 
Medical Sciences (TUMS), in Tehran, Iran. This study  uses 
SFA to assess changes in the efficiency of hospitals over 13 
years from 1999 to 2011.

Materials and methods
In this descriptive cross-sectional study, necessary statistics of 
12 teaching hospitals affiliated with TUMS were selected. Data 
was gathered from the Annual Statistical Report published 
by the statistical center of TUMS from April 1999 to March 
2011. The report consisted of administrative and operational 
information for each TUMS’s hospitals. Information 
was obtained from all hospitals. Data using methods of 
observation, interview, and an assessment of the documents, 
sources, records, and statistics of all target hospitals were 
collected from 1999 to 2011.

Stochastic Frontier Analysis vs. Data Envelopment Analysis 
DEA and SFA are two types of mathematical programming 
techniques to calculate the efficiency and productivity. These 
methods enable comparisons between efficiency versus 
an estimated efficient frontier. SFA is a parametric method 
based on the principle of econometrics and the theories of 
the micro-econometrics that uses a panel data to estimate a 
production (cost) function based on known hypotheses or 
statistical estimations. In contrast, DEA is a non-parametric 
deterministic method which estimates efficiency based on 
multiple productivities. An effective frontier curve by DEA is 
made up by linking a series of points that are determined by 
a linear programming (24–28). DEA, unlike the SFA, requires 
only input and output variables. 
An advantage of SFA is the ability to diagnose Latent 
heterogeneities among DMUs. This allows distinction to 
be made between effects caused by an inefficiency and/or 
statistical errors. Whereas, DEA makes no distinction between 
effects caused by inefficiency and an outlier or measurement 
error and attributes all these effects to inefficiency (29,30).
Given these methodological concerns (31), the present 
study relies on SFA. The SFA is estimated by two methods of 
Maximum Likelihood Estimation (MLE), and/or Ordinary 
Least Square (OLS) in panel data (32). We can also perform 
the statistical significance using this method.

Input and output variables
Five input variables (xi)  were addressed (2) in this research: 
1) the number of Full Time Equivalent (FTE) physicians, 
2) the number of FTE practicing nurses, 3) the number of 

FTE other personnel, 4) the number of the active beds, and 
5) the number of outpatient admission (the number of both 
outpatient visits and emergency visits were considered as 
“outpatient admission”). The categorization of the staff to 
three categories of physicians, nurses, and other personnel 
was due to the evidence that these categories of resources 
have different roles in patient care and deliver services with 
different levels of quality and patient satisfaction. Output 
variables (y) were the number of inpatient admission, the 
number of surgical operations, and the average length of stay 
for patients (33,34).

Modelling 
In the modeling, we first presented a general mathematical 
formula for SFA and then tailored it to the purpose of the 
current study. Both production and cost functions can 
be estimated using SFA. In this study, we only estimated 
production function. A Total Production (TP) of a hospital 
(or hospital output) can be estimated as follows (Equation 1):

( , )i i i iTP f L K e= +                                                                  (1)

Where TP represents the total production, L is a vector of 
human resources and K is a vector of capital resources. This 
technique is a regression model that can be specified as the 
following  (Equation 2):

i i iY a X eβ= + +                                                                       (2)

Where Y represents the TPi (or final hospital output), and X 
represents the L and K (or inputs), the final parameter is e that 
represents errors decomposed as follows (Equation 3):

i i ie v u= +                                                                                  (3)

Where v  is a random error term which is normally distributed 
and is uncorrelated with the explanatory variables and u  
represents the hospital specific fixed effects or time invariant 
production inefficiency. It is suggested that when panel data is 
available, there is no need to specify a particular distribution 
for inefficiency effects, and the measures of TE are relatively 
obtained from the most efficient hospital (35).
In general, following Schmidt (35), the model is specified as 
Equation 4:

( )it it it itY a X V Uβ= + + −                                                         (4)

where Yit is the output for hospital, i in time, t and Xjit are vectors 
of inputs, and Uit represents hospital specific fixed effects or 
time invariant TE and Vit is a normally distributed random 
error term and is uncorrelated with the explanatory variables.
To apply model 2 into our data, we needed to specify an 
appropriate functional form for the production of the hospital 
outputs. Two functional forms, the Cobb-Douglas and 
Translog functional, have been specified by previous studies. 
Gannon estimated both the Cobb-Douglas and Translog 
functional forms and then tested the null hypothesis. He found 
that the Cobb-Douglas form is an adequate representation of 
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the data (36). The Cobb-Douglas form is also found to be an 
adequate representation in other studies (37). We, therefore, 
followed a similar approach and used both forms. The Cobb-
Douglas function form is as follows (Equation 5):

( )0it j jit it itLnY X V Uβ β= + + −∑                                        (5)

And Translog function form as Equation 6:

( )0it j jit jk jit kit it itLnY X X X V Uβ β β= + + + −∑ ∑∑      (6)

To select a proper function for the estimation of the efficiency, 
the Likelihood-Ratio (LR) test was used. The general form  is 
as follows (Equation 7):

LR = Likelihood Ratio = -2 {Ln [L(H0)] – Ln [L(H1)]}          (7)

where L(H0) is the null hypothesis likelihood function (H0) 
and L(H1) hypothesis, which is asymptotically presupposed to 
have  mixed Chi-Square distribution.
In the Cobb-Douglas function, to determine the elasticity of 
the production to the inputs we used the following formula 
(Equation 8):

 
                                                                                                      (8)

The elasticity was calculated to reach input productions 
(some variables such as bed, medical doctors, nurses, and 
other variables). 

Our preliminary analysis showed that Cobb-Douglas 
function form (LR= 7.03) was more appropriate for the 
stochastic frontier model of the hospitals under investigation 
in comparison to Translog form (LR= 0.42). 
Regarding the population and the statistical method of the 
present study, a fitted SFA model was applied and the results 
of the study were assessed and analyzed by Frontier 4.1  (Tim 
Coelli, 1996) software. 

Results
Table 1 presents the descriptive statistics of the input and 
output variables. Figures 1 and 2 illustrate the number of 
resources over the study period. Figure 1 shows that the 
number of physicians and beds remained almost unchanged 
from 1999 to 2011. In contrast, there were some fluctuations in 
the number of nurses and other human resources (Figure 1). 
The number of inpatient admissions also remained stable 
in this period, but as shown  in Figure 2, the number of 
outpatient admissions  increased by 32000, from 66,000 to 
more than 98,000.
The results of the stochastic frontier function estimation are 
presented in Table 2. The first section of the results contains 
a frontier function with five parameters. The lower part of 
Table 2 presents the variance parameters, the amount of the 
function of the log likelihood, and the LR test. To find an 
appropriate function form test for the model revealed that the 
Cobb-Douglas Function Form (LR= 7.03, P< 0.001) was more 
appropriate for the stochastic frontier model of the hospitals 
compared to the Translog Function (LR= 0.42, P= 0.56).
The inefficiency variance ( 2

uσ ) was estimated 0.97 (γ) with 

( )
, ky x k

k

LnE y
E

x
β

∆
= =

∆

Table 1. Variable definition and descriptive statistics (Mean, SD, Min and Max)

Variables Mean Standard deviation Minimum Maximum

Inpatient admission 9617.58 6537.31 926 27635

Outpatient admission 86031.76 62702.51 3221 287003

Total number of FTE medical doctors 69.99 74.09 10 295

Total number of FTE Nurses 220.75 168.65 28 686

Total number of FTE other personnel 194.78 187.80 40 728

Number of active beds 221.21 155.44 30 547
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Figure 1. the trend of the number of physicians, nurses, other 
personnel, and beds from 1999 to 2011 in TUMS hospitals
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Figure 2. Variations of the number of patients both in- and out-patients 
from 1999 to 2011 in TUMS hospitals
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a standard error of 0.03, which was highly significant with 
99% Confidence Interval (CI). These findings show that the 
residuals changes are considerable due to the inefficiency (ui ). 
The proportion of the random error (vi ) was about 3%, which 
implies that the variables included in the production function 
were  able to control random errors.
The results of the calculated elasticity are given in Table 3. 
As demonstrated in Table 3, the production elasticity to 
the outpatient visit is 0.83, with much more elasticity in 
comparison with other variables. This variable shows a 
positive relationship with the hospital production. The sum 
of these elasticity coefficients is equal to 1.05, which indicates 
that the production process has a Constant Return to Scale 
(CRS). In other words, hospitals have worked in the optimum 
production scales. These findings also show that except beds, 
other variables make statistically significant contributions to 
the optimum production scales (Table 2).
Table 4 illustrates the TE of hospitals affiliated to TUMS. The 
average efficiency of the hospitals based on this method  was 
0.59, which indicated 41% potential for improvement. The 
mean efficiency of the TUMS’s hospitals  ranged from 22 
to 81% without considering the severity of illness. Over the 
period of the study, the efficiency  increased from 61% in 1999 
to 71% in 2011.
There  was no full-efficient hospital (equal to 1) during the 
entire study period. One hospital (8% of the hospitals)  had 
a TE of 0.80–1, and other hospitals (92% of the hospitals) 
had TEs less than 0.80. The mean efficiency  showed a steady 

Table 2. Estimation of the parameters of the Stochastic Production Function (SPF)  by the Most Likelihood (ML) method

Variable name Parameter Estimation Standard deviation P-value

Frontier function

Constant β0 2.32 0.57 4.05

Ln (Medical doctors) β1 0.22 0.04 5.34*

Ln (nurse) β2 -0.34 0.12 -2.68*

Ln (other personnel) β3 0.46 0.12 3.71*

Ln ( active beds) β4 -0.12 0.10 -1.14

Ln (outpatients admission) β5 0.83 0.13 6.22*

Variance parameters

Sigma square σ2 0.81 0.14 5.71

Gamma γ 0.97 0.02 35.51

Log Likelihood= -97.80,  LR test= 7.03, * P< 0.05

Table 3. Mean elasticity of input productions and the returns to scale 
by the SFA

Variable Parameter Elasticity

Outpatient visit EY,OV 0.83

The number of FTE medical doctors EY,P 0.22

The number of FTE Nurses EY,N -0.34

Other personnel EY,S 0.46

Active beds EY,B -0.12

Returns to scale RTS 1.05

decrease from 1999 until 2004, then again  started to increase 
with some fluctuations. (Table 4). 

Discussion
The results of our study showed that the average TE of hospitals 
affiliated with TUMS using the SFA method  was 59%, which 
is considerably low compared with efficiency of hospitals in 
other counties [See for instance Dutch hospitals (38)]. 92% of 
the TUMS hospitals have TE less than 80%. However a similar 
study, analyzing TUMS hospital efficiency, does not exist. A 
study using SFA method in SSOs hospitals  reported the TE of 
0.83 (39). The efficiency of TUMS hospitals is also lower than 
the pooled TE (0.85) for Iranian hospitals (18).
Around a half of the production factors are wasted during 
the service delivery process in the TUMS hospitals. Based 
on these findings, there is a great potential for efficiency 
improvement in the TUMS hospitals. Using the existing 
amount of resources, the amount of delivered outputs can be 
doubled, which can significantly impact patient outcomes in 
hospital catchment areas. 
The negative elasticity of the nurses and active beds indicates a 
larger frequency of these variables than the other inputs such 
as medical doctors and other personnel. In other words, based 
on the principals of the economics, these variables resided in 
the third-phase of the production (35,37). Therefore, a minor 
decrease in the number of FTE nurses and active beds in each 
hospital (with the assumption of stability in other conditions) 
will result in the improvement of its production power. These 
findings differ from some international studies (40,41), which 
can be stemmed from the underuse of standard indices e.g. the 
ratio of nurses to medical doctors in recruitment decisions in 
TUMS hospitals (19). Findings reported by Farzianpour et al. 
(19) provide an evidence of excessive resources such as nurses 
in TUMS. More insight into excessive production factors 
would help policy-makers and managers to decrease costs 
and inefficiency. Initiatives to explore efficiency by hospital 
directors show their interests in efficiency improvement and 
would help them to appropriately allocate budget. 
A study in Netherlands demonstrates that the average 
inefficiency for Dutch hospitals is 16%, indicating 
approximately €1.5 billion of wasting costs for general 
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hospitals through their inefficiency every year (38). On the 
other hand, due to inefficiency of health service providing 
units and considering limitations of the resources, policy-
makers are highly motivated to better plan and allocate 
resources to promote service providing, paying more 
attention to healthcare, prevention, educational affairs, and 
human resources. 
National and international benchmarking of hospital 
performance including hospitals with different organizational 
forms might help to provide more insights in the sources of 
hospital inefficiency (38). At a smaller scale, benchmarking 
the efficiency of hospital units contributes to performance 
improvements (19). 
Researchers engaged in the field of hospital efficiency 
measurement discuss the relative usage of the methods used. 
Reviewing the available hospital efficiency studies using 
frontier-based techniques in developing countries has revealed 
that, although the choice of measurement methods in hospital 
efficiency assessment has been extensively researched, 
only few authors have presented a framework to determine 
variables reflecting different hospital functions, the quality of 
the process of care and the effectiveness of hospital services. 
This would indirectly show that the main objective of a hospital 
and its full range of functions in efficiency measurement are 
vaguely understood. This can be deduced from the fact that 
Afzali et al. (2) stated that this can be resulted from this fact 
that several researches had selected various sets of variables 
and there was not straightforward recommendations for 
selecting variables. One theory for such inconsistencies is the 
lack of conceptual clarity for selecting the most appropriate 
variables for measuring hospital efficiency (2).

Limitations
Our study has some limitations. First of all, case mixed index 
is not considered in efficiency estimations.  To alleviate this, 
we used inpatient admissions instead of a hospital output. 
Second, the SFA method allows to select only one output; this 
would cause the omission of important outputs. Furthermore, 

patient perspective is not considered when selecting output 
variables in this efficiency analysis. We were not able to 
measure and collect appropriate data regarding the health 
outcomes, patient safety, mortality rates, the quality of care, 
and patient satisfaction as outputs. Because of this restricted 
validity and reliability of data collection in Iranian hospitals, 
Kiadaliri et al. (18) recommended a standard approach to 
improve data collection and process in Iranian hospital 
databases, which may have an impact on improving the value 
of studies in this context.
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Implications for policy makers
The implications of this research for policy-makers are as 
follows. 
•	 Efficiency scores provide insight into mismanagement of 

available resources. A lower efficiency rate, as reported in 
this study, warrants the top management in TUMS to take 
serious actions and to bring the management of hospitals 
at the top of agenda for better resource management. 
Interventions to improve the quality of management in 
the hospitals studied could help to improve efficiency. 

•	 Given that the majority of hospital administrators have 
little knowledge on costs and financial management of 
hospitals, inefficient service delivery is not unexpected. We 
suggest human resource policies and strategic decisions 
should be altered. Further, interventions for management 
improvement may focus on cost awareness and increased 
authority and responsibility of hospital management teams 
for better financial management.

•	 Standard indices for human resources are general 
measures for resource allocations that may not take 
local concerns into consideration. Efficiency analysis 
may contribute to determine an efficient combination 
of resources and local concerns instead of relying on the 
standard indices. Therefore, an efficiency analysis can be 
used as a review tool to assess decisions regarding human 
and other resources in monetary terms and to modify 
policies accordingly.  

•	 Efficiency dilemma represents serious problems in 
designing service processes in the studied hospitals. 
Therefore, process improvement tools need to be applied 
while taking patient perspective, i.e. quality of life and 
satisfaction, into considerations.

Implications for public
Health service providers are under a tight pressure by 
increasing patient demands. Patients ask for more services 
e.g. inpatient and outpatient admissions to hospitals 
given the aging of populations and a greater burden of 
chronic diseases. Inefficient service delivery, as the case 
in the TUMS hospitals, decreases the number of outputs 
while more services can be provided. Given the rises in 
demands, inefficient service provisioning results in longer 
waiting times and more unmet demands. Therefore, 
efficiency of the hospitals directly affects the convenience 
and indirectly affects health outcomes and quality of life 
by limited access to services. Altogether, the efficiency of 
services affects satisfaction with services as this is mostly 
defined by the quality of care as well as patient health and 
quality of life.  
Efficiency improvement also contributes to allocative 
efficiency in healthcare delivery systems by saving 
money and scare resources. The saved resources can be 
directed towards more cost-effective interventions such 
as community education and primary preventions in turn 
decreasing the demands for hospital services and more 
monetary resources.

Key Messages 


