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Abstract

Background: To improve healthcare services’ quality, countries should measure their health systems’ efficiency and performance by
robust methods.

Objectives: We aimed to develop a national study to measure the efficiency of the health system in Iran.

Methods: The literature review identified several methods for measuring efficiency; the most common one was data envelopment analysis
(DEA). We adopted DEA, but its findings were simplistic and inaccurate, so we began to modify the method by determining the weight of
each indicator. We identified the efficiency measurement indicators, in line with international standards and uniformed units, and then
readjusted our input/output indicators according to the study context through four expert panels. We collected data and classified the
input/output indicators, followed by determining each indicator’s weight and standard limits. Then we rationalized our previous results
by applying the revised model. The initial new results of the refined model were valid, accurate, and consistent with previous studies,
as approved by experts. We defined proper modeling to achieve the stated objectives. After investigating various DEA models, we finally
designed a new model that was consistent with the existing data and conditions, entitled EDEA (extended DEA), to analyze other subprojects.
Conclusions: The conventional DEA methods may not be accurate enough to measure health systems’ efficiency. By modifying modeling
process, we propose a modified DEA with a very low error rate. We suggest that others interested in measuring health system efficiency
adopt our modified approach to increase accuracy and create more meaningful policy-oriented results.
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1. Background

Measuring efficiency has always been a major concern  lowest facilities. To maximize productivity in any organi-
for senior managers across all sectors. Due to resource  zation toward performing its short, medium, or long-term
constraints, policymakers and managers’ ultimate goalis ~ plans, it is necessary to determine the highest possible
to achieve the highest attainable performance using the  production capacity while consuming a limited range of
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resources.

Health systems face spiraling costs due to ever-increasing
demand for the use of expensive technology in respond-
ing to long-term conditions while decreasing resources
and rising financial constraints. Therefore, identifying the
current status of efficiency across various sections in any
health system is an essential step in planning to improve
the quality of healthcare services. Robust evidence about
the health system performance is crucial to the mainte-
nance and promotion of community health. In particu-
lar, measuring health system efficiency through the use
of a valid conceptual framework and sound method, can
help policymakers design an effective healthcare system
and improve its performance. Appropriate measurement
of health system efficiency can help stakeholders under-
stand its strengths and weaknesses, improve performance
through targeted measures, and avoid losing valuable
health resources by preventing the adoption of non-sci-
entific and inappropriate decisions. Thus, we conducted
a national study to measure the efficiency of Iran’s health
system, and to draw evidence-based options for improve-
ment. We first adopted the conventional data envelop-
ment analysis (DEA) for measuring efficiency and faced
some challenges. Now, we have modified our method to
apply a modified DEA, developed by our team to measure
the efficiency. This paper reports the challenges of tradi-
tional DEA and illustrates our way to overcome the meth-
odological bugs.

Our initial review of the health-related literature re-
vealed several methods for measuring efficiency in differ-
ent parts of the health system (1-3), while conventional
data envelopment analysis (DEA) was the most frequent
method used (4-7). To meet all objectives of our research,
we also reviewed the available performance evaluation
methods, including the multiple attribute decision-mak-
ing methods (MADM) such as TOPSIS, VIKOR, ELECTERE, etc.
We noticed that these methods rank options only based on
multiple criteria, while they fail to identify the weaknesses
and strengths and the degree of progression or regression
of the units (8-11), both of which were among the main
goals of our research. Based on the literature and seeking
the views of experts, we finally decided to use the conven-
tional DEA, based on mathematical planning for evalua-
tion of performance and identification of the strengths
and weaknesses of congruent units to measure the health
system efficiency in Iran.

Nonetheless, the research team found the first round of
findings simplistic and unacceptable. The reason for this
was clear. The conventional DEA calculates efficiency with
input and output. The units with minimum input can
therefore be identified effective, irrespective of the qual-
ity of healthcare services that they produce. Our research

team, advisors, and experts were aware of the complexities
and various components that may affect the health sys-
tem. To overcome the challenge and study the efficiency
in standard conditions, we aimed to readjust our input/
output indicators so that the least standard necessary in-
put would be allocated to the health sector to achieve the
least outcome in each unit. This led us, in consultation
with a number of experts in the field, to reexamine our
conventional DEA method used and apply some changes
in the model based on the assumptions and principles
governing the study context, as well as the input and out-
put indicators of each phase of the research. We began to
collaborate with experienced scholars in applied math-
ematics from outside the health sector who specialized
in efficiency measurement methods, and added them to
the research team as methodological advisers. We then
held four panels of experts in the presence of the entire re-
search team and new advisors, during which we discussed
and analyzed the limitations of conventional DEA method-
ology in measuring the efficiency of the health system and
the required configurations to overcome the challenges.
Finally, the required modifications were discussed, and
the entire research team approved the final revisions of
the model by consensus.

In this article, we unfold the journey of modifying the
conventional DEA toward the creation and application
of the “Modified DEA” in measuring the efficiency of the
healthcare system in Iran. Our study can be used as a guide
for researchers who aim to design and implement similar
studies in Iran and other settings.

1.1. Health System in Iran

Being among few countries in the world with integrated
medical education into healthcare services, Iran’s health
system has unique governance and structure, with the
Ministry of Health and Medical Education (MoHME) as
the stewardship of the health system (12). The MoHME,
through its extensive network of over 60 universities of
medical sciences (UMSs) across 32 provinces in the coun-
try, is committed to implementing the goal of a healthy
community through designing and implementing na-
tional health policies. The UMSs are responsible for educa-
tion research and healthcare provision for people living in
their catchment area through a national healthcare net-
work, as presented in Figure 1 (13, 14). During the past de-
cades, several reforms have been conducted in the health
system of Iran, e.g., establishment of primary healthcare
(PHC) network for provision of basic healthcare, expan-
sion of social health insurance, and the implementation of
recent health transformation plan (HTP), all of which have
contributed to improving health indicators over the past
years in Iran (15).
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Figure 1. Structure and connection of different parts of the health system in Iran (14).

2. Objectives

As countries are planning to reach sustainable health
development through various means, such as universal
health coverage (UHC), it is necessary to measure the effi-
ciency and performance of their health system through
robust methods. We were approached by the MoHME of
Iran to run a national project entitled: “Measuring the Ef-
ficiency of Iran’s Health System”. To reach UHC by 2025,
since 2014, Iran has started a comprehensive health trans-
formation plan (HTP) (16). The findings of our research
are expected to provide policymakers with insight and
awareness about how to improve HTP implementation.
Considering the extensive nature of the research, we di-
vided our research into a few measurable subprojects.

Our research entailed a comparison of a number of
congruent units in each subproject. We, therefore, used
comparative techniques to create Decision-Making Units
(DMUs), including countries, provinces, and hospitals,
for comparison purposes.

3. Methods

To measure the efficiency of each project, we will deter-
mine the followings: Efficiency of each DMU, Ranking of
each DMU, Identification of the strengths and weakness-
es of each DMU, Measuring progression or regression for
each DMU.

First of all, we conducted a comprehensive literature
review to identify various methodologies used to meet
similar objectives both in Iran and globally. Efficiency is
a multi-criteria phenomenon. Therefore, a number of in-
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dicators and criteria, sometimes contradictory, should be
selected from a finite number of choices, and their weak-
nesses and strengths should also be evaluated. We car-
ried out our research within eight distinct and sequen-
tial steps:

3.1. Step 1: Identification and Definition of Efficien-
cy Measurement Indicators

We began with a comprehensive literature review to
identify the input and output indicators to measure the
efficiency of the health system in each subproject in line
with the study objectives. First, we did a comprehensive
review for the period of August 2014 to August 2018. We
searched international databases, i.e., PubMed/MedLine,
Social Sciences Database, and Google Scholar in English,
plus the Jihad University Database (SID) and Google
Scholar in Persian . We used various MeSH terms, i.e., effi-
ciency in hospitals, indicators of producing health, UHC
indicators, efficiency in health system, DEA, and health
system productivity. We included the studies that were
published in English and in different levels of the health
system, i.e., hospitals, healthcare centers, and interna-
tional comparisons. In terms of efficiency, all studies that
assessed various aspects of efficiency and productivity
through descriptive analysis, systematic review, as well as
analytical studies were included. We excluded protocol
studies.

Then, we organized the findings and extracted indica-
tors. We reviewed the data for each indicator and the reli-
ability of the data sources by checking them in electronic
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databases, hospitals, and workforce information data-
base of the MoHME, global health observatory of World
Health Organization (WHO), and World Bank (WB). This
led to determining the final measurable indicators with
available data.

Finally, we reviewed all indicators through a set of meet-
ings with experts, i.e., researchers and established policy-
makers in the field of management and health econom-
ics. The panel was described for policymakers in terms of
the importance and necessity of each indicator based on
the study objectives and importance, and the final indica-
tors of the study were determined by consensus. The in-
dicators’ identifiers, including definition, the data collec-
tion sources, and the calculation method were developed
for each indicator.

3.2. Step 2: Data Collection

During this step, according to the sources identified in
step one, we began data collection, most of which were
secondary data obtained from the WHO, WB interna-
tional data, and the Health information systems of the
MoHME.

3.2.1Data Collection Tool

In order to collect data, we designed an Excel sheet
checklist based on the study indicators and the study
years. Then, we extracted and recorded the data for the
years in four months. To ensure data accuracy that came
from various sources and was missing in some years in
some DMUs, we cleaned up the data by checking for each
indicator, each DMU, and each year. Irrational data were
checked with other sources, and the correct number was
replaced after ensuring the integrity of the number. Due
to the limited number of input and output indicators in
some studies, a DMU, which lacked data for one indica-
tor in a year (or years), was excluded. In the end, when we
assured data accuracy, we finalized our data Excel sheet
according to the DMUSs’ sequence and the years studied.

3.3. Step 3: Classification of Input and Output In-
dicators

We reevaluated the indicators identified in the first
step and determined their definitions and methods for
analysis. Based on the assumptions of the health system
and the world-class standards for each indicator, we at-
tempted to analyze the efficiency in logical conditions
according to the reality of health systems. There were
two categories of indicators: So-called “input”, the first
category included the indicators that were essential for
the executive process of an organization. The less the
input was, the better the performance could be. This
category of indicators could be provided to the manage-
ment team to improve the organization’s performance.
The second category included criteria that reflected the
organization’s performance after using inputs. These

performance indicators were referred to as the organi-
zation outputs, increasing which might improve the or-
ganization’s performance, i.e. life expectancy, under-five
mortality rate, and maternal mortality rate. meaning
that the higher they were, the better the health system
performance might be. These are called desirable and un-
desirable outputs, respectively.

3.4. Step 4: Determination of Weight and Standard
Limits for Each Indicator

This step aimed to balance and rationalize the results
by changing the model. After recognizing and clarifying
the conditions of each indicator (step 3), we determined
the standard and weight for each indicator. The goal was
to measure the true value of each indicator and show
the difference in unit spacing. The indicators were also
weighed to identify the more important indicators with
a higher impact on the ultimate goal of each unit that
would determine the performance score ultimately.

In order to determine the standard of current health
expenditure (CHE) per capita and General government
health expenditure (GGHE), countries with out-of-pocket
payment (OOP) of less than 20% in 2015 (goal set by UHC)
were first listed. We then computed the rate of CHE and
GGHE for these countries and examined the data disper-
sion (to decide whether the mean or median of numbers
is better for determining the standard). According to the
data dispersion, the median of available numbers was
used as the standard for CHE and GGHE indicators (the
median of countries with OOP of less than 20%). This
number was calculated to be at least 1,636 for CHE. There-
fore, we corrected this indicator for each country using
the following equation:

CHE,CHE = 1636

CHE included in the model = {1636 + (1636 — CHE), CHE < 1636

In fact, a penalty would be imposed on any country below
this standard. Given this limitation in the model, the stan-
dard CHE for each country was considered to be >1,636.

Similarly, the minimum necessary GGHE in each coun-
try was calculated to be at least 1,106, and hence, the fol-
lowing changes were made in data related to this crite-
rion in the modeling process:

GGHE,GGHE > 1636

GGHE included in the model = {1106 + (1106 — GGHE), GGHE < 1636

In fact, a penalty would be imposed on any country that
expended less than this standard. Given this limitation in
the model, the following limitation was added to provide
this condition to the newly proposed weight.

Standard GGHE for each country > 1106

In order to determine the standard of other study indi-
cators, the best performance among the study units was
considered. For example, the standard of 83.7 was con-
sidered for Japan’s life expectancy indicator (17), which
was the highest among the countries studied. According
to experts, the life expectancy difference of each country

Health Tech Asmnt Act. 2022; 6(1).
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and 83.7 was considered the output. In this case, the ob-
tained difference is an undesirable output that was ap-
plied in the model with the following changes:

y;=837-y,j=1,..,n
K=max{y:j=1,..,n}+ ¢
New,y; = y_j+1(,j =1,..,n

Where, ¢ is a small positive number.

As previously stated, the under-five mortality rate has
an undesirable nature. Therefore, countries try to reduce
this indicator; the larger this figure is, the poorer the per-
formance of countries will be. According to the standard
of this indicator (2.8, as the best performance among
countries)(9), the new standard was derived from the fol-
lowing equation:

¥, = Mortality rate of children under age five — 2.8,j =1,..,n

K=max {y:j=1.,n}+¢
New indicator of the jthcountry =y; =K —y;,j=1,..,n.

In fact, a standard threshold of 2.8 was considered for
each country with this action. If the under-five mortality

rate was more than 2.8, we would consider a penalty for
each country. In the new indicator, each country with a
higher value scored higher in terms of performance. The
equations of other indicators were corrected in the same
way based on the standard and weight assigned to them.
It should be noted that the decision about the weight of
the indicators was made during the panel of experts (in-
cluding the research team members and team advisors).

3.5. Step 5: Modeling

As stated in the introduction, we initially decided to use
the traditional and common method of DEA to calculate
the efficiency of this research. We supposed that there
were M congruent decision makers that the jth unit uses
the input vector to generate the output vector. Intuitively,
each unit could be represented as follows:

X1j Vij
M . M
()~ (3)

Charnes et al. suggested model 1to calculate the relative

efficiency of DMUp (18) (Box 1):

CCR (Input and Output Axis Model) CCR Multiplier Form
Envelopment Form
Max 0 Max UY,

n
S. tZA]XJ < QXp
j=1

s.t.UY; —VX; < 0,Vj

Aj)’j > Yp

Box1.

If (1%, 0%) is the best envelopment form of Table 1, then 0
<0* <titsvalueis called the relative efficiency of DMUp.
If 0* =1, then DMUp is relative efficiency. Otherwise, if 6*
<1,DMUp is ineffective. Vector(X}., 4;X;, X7, 4Y)) is called
the template point of DMUp.

Given that most indicators and criteria affecting the
performance had their own constraints, the envelop-
ment and multiplier models (Box 1) could not answer
the research questions. We, therefore, began to trans-
form the model after identifying the constraints corre-
sponding to the criteria that conform to existing rules
and standards (Box 1), as follows. To identify all ineffi-
ciency factors, including technical and combination,
models will be proposed for evaluation based on auxil-
iary variables:

1 S
1‘&2?;113_1—

Max Z, = 1 SF
1+5X5, 2%

S T=1R1-j-
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n n
ZA,-X” +Z,u,-ai]— +s; =Xp,i=1,..,m
j=1 j=1

n n

Z/ljy,- +anb,-}' —5: =YVrp T = 1,..,s
= j=1

n n

Z)ijij +Zy,-ai,- +s;€eA,i=1,...,m
j=1 j=1

n n
leyj + znjbrj —S:€Br,r =1,..,s
Jj=1 j=1

A=20,u=07n=0,5s">0,st"=0

Box 2.

Where j is the corresponding weight limits for inputs,
and is the corresponding weight limits for outputs. Ai re-
fers to the conditions that the ith input should have, and
the constraint is added because the input of the pattern
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point should also be applied to the input conditions of
the observed units.

Similarly, Br is the order of conditions that the rth out-
put must have, and the corresponding environment is
added because the pattern point output must be applied
in the output conditions of the observed units. The opti-
mal value of the target function (Box 2) that is represent-
ed with Z * shows the relative efficiency of the DMUp. If

Z,*=1,then DMUp is referred to as relative efficiency; oth-
erwise, if Z * <1, then DMUp is called relative inefficiency.
For all inefficient units, the improvement rate for each of
the inputs and outputs will be obtained by solving Box 2.
If (A% n* p* s-* s+¥) is the optimal answer of Box 2, then
the coordinates of the template point for DMUp, i.e., the
coordinates that DMUp must reach to become efficient,
are shown in Box 3:

Input coordinates of the ith pattern of DMUp = Z A X+ Z Hiaj,i=1,.,m

j=1 j=1

Input coordinates of the ith pattern of DMUp = Z y; Z nibyj,r =1,.

Box3.

It is obvious that the coordinates of the pattern point
rely on the principle that the inputs should be reduced
if possible, and the outputs should be increased if pos-
sible. The efficiency obtained from solving Box 2 can also
be used for ranking. Obviously, each unit with higher ef-
ficiency will rank better.

One of the research objectives was to determine the lev-
el of progression or regression of decision-making units
during the study period. The Malmquist Productivity In-
dex (MPI) was used to answer this question. This index
results from the comparison of changes in the evaluated
unit performance with technological changes, meaning
that if the improvement of DMUp efficiency was more
than the improvement in the production technology (ef-
ficiency boundary) in two time points of t and t+1, DMUp
progressed. Similarly, if the DMUp efficiency improve-
ment was less than the improvement in the production
technology (efficiency boundary) in these two time
points, DMUp regressed. If the improvement was equal,
there was no change in the productivity rate. This scale
can be obtained from following equation:

MPI, )

AT
This calculation is obtained by implementing Box 2
with appropriate changes. As mentioned earlier, the final
models are determined to answer the research questions.

3.6. Step 6: Implementation of the Model

In this step, the models designed in step 5 were first
coded in General Algebraic Modeling System (GAMS) 23.4
(19) and the R Project for Statistical Computing 3.5.1, and
the preliminary results were obtained. Obviously, a corre-
sponding model was written and implemented to calcu-
late the efficiency of each category of DMU. The efficiency

table, pattern point coordinates, rank, and MPI were cal-
culated for DMU sets. The units compared were different
in each study.

3.7. Step 7: Validation of the Model and Results

During this step, we investigated the preliminary re-
sults obtained from solving the designed models. These
results were subjected to a slight error that was consis-
tent with the available results and judgments. If the mod-
el led to an optimization problem during the modeling,
statistical methods could not test and judge the model as
it is assumed that all variables, effective factors, and con-
straints were identified during modeling.

In this study, Box 1 was first used to calculate the effi-
ciency. The results of the Box 1 regarding the calculations
of efficiency and ranking did not match the facts; this
was confirmed with the previous results (i.e., the results
are inaccurate). Therefore, the process was reconstructed
and reexamined. This time, Box 2 and the conditions gov-
erning the data in the modeling were designed. The pre-
liminary results of the designed models in step 5, with a
very small error, were approved by the experts.

3.8 Step 8: Results analysis

Following the implementation of step 6, which includ-
ed the implementation of the designed models to achieve
efficiency goals, patterns, rank, progression, and regres-
sion, the results were presented in tables and charts. Two
main works were carried out in this step: First, we ana-
lyzed the efficiency equation results, the efficiency rank-
ing, progression, and regression of each unit with their
initial data, assessing whether a member with a better
ranking had better initial indicators than the other mem-
bers, followed by the opinions of experts regarding these
results. Second, we analyzed the relationship between

Health Tech Asmnt Act. 2022; 6(1).
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the efficiency score of each unit with the contextual and
uncontrollable factors that did not interfere with effi-
ciency. If it was possible to identify contextual factors
that had a direct or indirect relationship with efficiency,

ranking, progression, and regression, a medium-term
and long-term solution could be developed to improve
the situation considering these variables. We summarize
all these eight steps as a flowchart in Figure 2.
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Figure 2. Implementation process of measurement of the health system efficiency of Iran.
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5. Discussion

The main objective of this study is to measure the health
system efficiency in Iran. We defined a proper modeling
to achieve the stated objectives. All calculations pre-
sented earlier are used to measure the efficiency of Iran’s
health system in comparison with other selected coun-
tries. Since one of the important goals was to identify the
strengths and weaknesses of each unit, DEA was the only
technique that could achieve this goal. After investigat-
ing various DEA models, we finally designed a new model
that is consistent with the existing data and conditions.

A systematic review and meta-analysis of OECD coun-
tries showed that various methods were used to calculate
country-level efficiency. Studies that used SFA and DEA
were stronger than others, while DEA was the most fre-
quent method for efficiency measurement. Most studies
used life expectancy as the most important indicator to
measure health production efficiency in many countries.
The authors argued that the methodological challenges
of inter-country comparisons of the health system effi-
ciency could not help policymakers identify appropriate
strategies (2).

We also used the methodology firstly employed in a
global research by WHO on comparative efficiency analy-
sis of national health systems in 191 countries. The inputs
for this study were per capita health expenditure, under-
five mortality rate, neonatal mortality rate, and life expec-
tancy. In addition, the mean income and mean years of
education were used as controlled variables outside the
health sector which can influence the health outcomes,
aswell (7).

A recent study in the WHO Eastern Mediterranean re-
gion used similar indicators to our study and also uti-
lized the DEA method and MPI to compare and analyze
the data, while their outputs were neonatal mortality
rate and life expectancy. The advantage of our study is to
use the GGHE to CHE ratio to take into account the fair
financial participation in the health sector (3).

The results of a systematic review of hospital efficiency
(20) showed that eight methods, i.e., Pabon Lasso, BSC,
EFQM model, Baldrige model, DEA, accreditation, ratio
analysis, and models hybrid, were generally used to mea-
sure hospitals efficiency, among which the DEA method
was the most widely used. Investigating the input and
output variables in a systematic review study (21) showed
that the number of beds, the length of stay, the number
of visits, and the number of surgical procedures were
the most widely used input indicators. The DEA method
was similarly used in this study, and these variables were
considered a part of indicators for measurement. In addi-
tion, we included all public hospitals in the country and
categorized them into various specialties. Although most
similar studies measured efficiency in a cross-sectional
study design, we are measuring the trend of efficiency
in all categories of public hospitals over a period of five
years (2012 - 2016). Based on this research’s findings and

methodological observations, to measure the efficiency
of any part of the health system, we propose that the se-
lection of input and output indicators should be in line
with the international standards, the indicators unit
(monetary, volumetric, relation) should be uniformed,
the number of DMUs should be at least three times more
than the input and output indicators, and the current
two-stage and three-stage DEA models should be com-
bined with the bootstrap-DEA method to give more accu-
rate efficiency scores (21) and reach more tangible results.

6. conclusion

Based on our observations, the conventional DEA meth-
ods might not be accurate enough to measure the effi-
ciency of the health systems. Through modification of
the modeling process, we proposed a modified DEA that
itsresults were confirmed by experts with a very low error
rate. We propose others interested in measuring health
system efficiency may adopt our modified approach
for increasing accuracy and creating more meaningful
policy-oriented results. We should also note that special
conditions of an indicator might have a considerable im-
pact on the final model. The exact recognition of the con-
ditions and realities of the indicators and rules govern-
ing them can lead to modeling in which the constructed
model would correspond to the desired objectives.
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