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Abstract
Assessing the performance of health systems assists health decision-makers. Medical diagnostic
laboratories are one of the most important sectors in the healthcare system of all countries. Thus,
an assessment of the performance of medical diagnostic laboratories is of particular importance.
This paper aims to propose a network data envelopment analysis (NDEA) model to assess the
performance of medical diagnostic laboratories and decomposing the efficiency of the system
based on sustainable development indicators. In addition, the proposed model is designed
according to the internal structure of the medical diagnostic laboratory, which includes three main
laboratory processes (the pre-test, the test and the post-test) with a combination of additional
inputs and outputs (including both desirable and undesirable). The proposed model is a
multiplicative DEA approach to estimate and decompose the efficiencies of system. Thus, a
heuristic method is used as a suitable solution to convert a multiplicative NDEA approach into an
equivalent linear program. In this study, the criteria for evaluation are obtained by using the Fuzzy
TOPSIS- Delphi method. The performance proposed model is shown through a real study in Iran.
The computational results demonstrate the applicability of the proposed model in determining the
most efficient laboratory using undesirable sustainability indicators.
Keywords: Network Data Envelopment Analysis; Sustainable development; Medical diagnostic
laboratories; Efficiency evaluation; Additional data (desirable and undesirable).
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1. Introduction
In recent years, the health status of most countries, especially in the area of epidemic diseases, has
faced a great challenge [1]. These apprehensions include inequalities in access to health services,
changes in quality and care safety, lack of health facilities and rising costs of health care [2].
According to global standards, about 10% of total healthcare expenditure is spent on laboratory
services [3].In addition to the economic dimension, environmental and social dimensions are
important so that, leading diagnostic laboratory services have increasingly recognized the critical
importance of managing and controlling social, environmental, and economic performance. Therefore,
managers' attention to sustainability factors in the field of diagnostic laboratories can play an effective
role in influencing the three sustainability factors (social, environmental and economic) in promoting
community health. Thus, measuring the performance of diagnostic laboratories, as one of the most
important and largest providers of health care services that play a crucial role in health, is mandatory.
The performance of medical diagnostic laboratories can be measured by measuring efficiency. In
this regard, we can assess the strengths and weaknesses, or the efficiency and inefficiency of the units.
Then the units can eliminate the defects and fortify their strong points. [4].The Laboratories can
prevent errors by improving performance, and ensure that the laboratory results are accurate. The goal
of this approach is to provide high return services. Even a negligible upgrade in lab improvement
programs will assist in attentiveness towards serving the people. It is obvious that, in order to analyze
the effectiveness of diagnostic laboratories, we need to use a suitable tool. One of the most suitable
and effective tools in this field is Data Envelopment Analysis (DEA). DEA is a mathematical method
for measuring the relative efficiency of decision-making units (DMUs) and it was first introduced by
[5].
The traditional DEA models disregard the internal operations or structure of the DMUs, typically
referring each DMU as a "black box" with single-process converting the multiple inputs to the
multiple final outputs. These approaches lead to incorrect performance scores or misleading results
for system with complex internal structure [6, 7]. To counter the constraints of traditional DEA
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models, a DEA network is proposed by [8]. It considers the structure of DMUs as a system consisting
of a network of sub-DMUs, which has intermediate measures. These are sometimes applied as sources
of production, and sometimes as consumable resources [9].
DEA models face limitations, one of the main limitations of the DEA model being the situation in
which the process produces undesirable factors. The development of undesirable factors, especially in
the health services sector, such as the production of infectious waste, is of particular importance. Färe
et al. [10], for the first time, mentioned the aspect of undesirable factors, in evaluating efficiency
performance.
In this paper, we explain summarize recent studies that have used the DEA method to evaluate
performance in various areas of health care.
A review of related literature shows that a significant number of studies have attempted to
evaluate performance in areas related to health care, although many studies on hospital performance
evaluation are available [11]. Among the review papers published in the field of hospital performance
evaluation, we can mention the one by Nayar and Ozcan [12], which examined qualitative
performance criteria using a sample of Virginia hospitals. The performance scores of hospitals were
calculated using DEA. The studies by Audibert et al. [13] and Varabyova and Schreyögg [14]
evaluated health care. Audibert et al. [13] first considered the increased access to health care for the
rural populations and then, they examined the performance of the health system. In this study, 24
urban hospitals in Weifang (Shandong) were surveyed from 2000 to 2008. They measured the
efficiency of urban hospitals through a two-step approach. Varabyova and Schreyögg [14] compared
the technical efficiency of the hospital departments. They used the unbalanced panel data of the
OECD countries from 2000 to 2009. In this study, the estimation of the technical efficiency of the
hospital departments was performed using non-parametric DEA and parametric stochastic frontier
analysis (SFA). The internal and external validity of the findings were measured by Spearman’s rank
correlation estimation. This study only analyzed one aspect of efficiency, namely technical efficiency.
Review papers show that many health studies have been published in 2014, and we discuss a number
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of these studies here. The analysis of the effectiveness of health care systems plays an important role
in relation to public health costs and health assessment; the work by Leleu et al. [15] is significant in
this regard. In this study, two issues were considered to describe the factors affecting financial
sustainability. The first is the cost of patients who cannot afford paying for hospital services while the
second issue is associated with internal management. The purpose of this study was to investigate the
effect of these two issues on the profitability of hospitals. Therefore, using the DEA method, input
inefficiencies were measured in the manufacturing process for 138 hospitals Florida in 2005. In the
same year, two studies were conducted to evaluate the European health system. In the first
accomplished by Popescu et al. [16], they evaluated the efficiency of European health systems. In this
study, DEA approach was used to evaluate the efficiency of health systems. The study emphasizes
that Romania has an inappropriate health system. Even though the Romanian health system has made
significant progress during the past two decades, some of its areas still have a lower quality than the
average of other European countries do. Therefore, the system is not yet able to provide appropriate
services for its citizens. In another study Asandului et al. [17] studied the performance evaluation of
public health systems in Europe based on a nonparametric DEA method and the statistical data
applied was for the 30 European countries in 2010. The latest study in 2014 is that of Al-Refaie et al.
[18]. They measured the average waiting time for patients of emergency department (ED) and then
focused on the number of physicians and nurses in the ED by considering a cellular service system.
Performance evaluation was simulated over the period of a month (672 hours) with 10 replications.
Then, the best scenario was presented using aggressive formulation in DEA. Chowdhury and
Zelenyuk [19] examined the performance of hospital services in Ontario (Canada). In this paper, DEA
was applied to evaluate efficiency and then truncated regression estimation with double-bootstrap was
used to test the importance of explanatory variables. Campos et al. [20] applied the input-oriented
DEA approach to examine the efficiency of health systems in Spain (Autonomous Communities). The
aim of this work was to analyze the efficiency of public resources. Since the need to improve
efficiency in the field of health care is essential, Johannessen et al. [21] examined the effectiveness of
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full-time physicians (FTE) in hospitals using some Panel Analysis and DEA. The efficiency of the
physicians' workforce and the impact of personnel workforce was studied from 2001 to 2013 in 19
Norwegian hospitals. However, in their study, they ignored the evaluation of the network structure.
Khushalani and Ozcan [22] investigated the returns of United States hospital over five years from
2009 to 2013. In this study, the Dynamic Network DEA Structure was applied to calculate
performance evaluation for different hospital departments, such as medical/surgical care (patient
visits, surgeries and discharges) and quality. Patra and Ray [23] examined the efficiency of hospital
systems. In this study, the Malmquist productivity index was applied based on the DEA to measure
productivity and efficiency of an Indian hospital system. The efficiency of several hospital
departments was analyzed and improvement alternatives were identified. From other studies in the
field of health services, an assessment of the efficiency of dental services in the provincial level in
Turkey was performed by Şahin and İlgün [24]. The study population consists of hospitals and dental
care centers under the Ministry of Health located in 81 provinces of Turkey. The efficiency of oral
and dental centers is evaluated using DEA method. With a mixed sustainability-resilience view, a
mixed sustainability-resilience framework for evaluating HIS (hospital information system) is
proposed by Motevali Haghighi and Torabi [25]. Thus they can utilize this model to enhance their
performance. In a real case study, a DEA model is applied to evaluate HIS performance. In order to
determine the attitude of DMUs using the optimistic-pessimistic parameters, a novel fuzzy DEA
model based on general fuzzy measure is proposed by Peykani et al. [26]. By measuring the efficiency
of 38 hospitals in United States, the practical use of this approach on a real data set is illustrated. In
order to understand the variation in access to early prenatal care in a more complete manner, Thorsen
et al. [27] identify the unique compositions of CHCs (Community health centres). In this study, A
DEA approach is performed to evaluate the operational efficiency of CHCs. Abolghasem et al. [28],
report the data of the healthcare systems indicators of 120 countries in the period from 2010 to 2017
and then evaluate the efficiency using the DEA method to. On the other hand, laboratory services are
one of the important components of the quality of health care. Therefore, evaluating performance of
5

the laboratory field is important. However, few studies have been performed in this area. One of the
papers published in the field of laboratory performance evaluation is the work of Chawla et al. [29].
Quality indicators in the clinical laboratory are a useful tool for continuously improving laboratory
services. The aim of this study is to design and evaluate quality indicators over time in order to
improve the performance of the laboratory. This study evaluates various qualitative indicators.
Indicators are related to a biochemistry laboratory of the hospital in New Delhi. They helped to
improve the quality of laboratory services and patient health care by taking corrective measures over a
period of time. Another study pertinent to the field of laboratories is Hamid Abu Bakar and Lukman
Hakim [30]. The purpose of this paper was to review the efficiency of public hospital laboratories in
order to examine the satisfaction of doctors. Data were collected from interviews with two senior
laboratory administrators and 30 doctors of two laboratories in Malaysia. The interview used two sets
of structured questionnaires, which included of two dimensions, Doctor Satisfaction dimension (DSD)
and Supply inputs (SCI).
In recent studies, only single-stage DEA models have been used in a traditional way. As a result of
this single-stage approach, the health systems are analysed as having a black-box nature. To eliminate
this limitation, we develop this concept in three-stage health systems. Another improvement in our
approach is the use of desirable and undesirable sustainability indicators in order to measuring the
performance of the healthcare facilities, thus filling a conspicuous gap in the literature. Here, a threestage laboratory is designed and then sustainability indicators (economic, environmental, and social)
are used to evaluate the efficiency of diagnostic laboratories. The undesirable factors in the data are
important in the analysis. Next, a heuristic method is proposed and the multiplicative NDEA approach
is converted into an equivalent linear program. A real case study has been conducted in Iran, thus
demonstrating the use of the proposed approach in practice.
The most salient contributions of this paper are highlighted as follows:
 Undesirable sustainability indicators (social, economic and environmental) are considered in
proposed approach.
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 Assessments performance three major laboratory processes (pre- testing, testing, post-testing)
in a network DEA model.
 Investigates a real case study of diagnostic laboratories that has not been considered despite the
importance of diagnostic laboratories in the field of health services.
 Proposing a heuristic model to convert a multiplicative NDEA approach into an equivalent
linear program.
This paper is organized as follows: Section 2 discusses the research methodology. In this Section,
first, identify indicators by using Fuzzy TOPSIS- Delphi method then the mathematical modelling of
the problem is described and then a heuristic approach is introduced to solve the nonlinear program.
Section 3, illustrates the proposed model using a real case study of measuring efficiency of 25 private
medical diagnostic laboratories in Iran to show the applicability and usefulness of model. Section 4
we shall analyze the results. Finally, Section 5 concludes the paper and some directions for future
research.
2. Methodology
Considering that our case study is a medical diagnostic laboratory, effective factors consist of
quantitative data. Studies show that although many variables can be considered, in most cases there is
no relative data. So this is one of the real world problems that make variables difficult to determine. In
this way, an appropriate selection of variables is very important. In this study, the methodology is
designed in two steps; in the first step, since variables are not identified and there is no structural and
theoretical guidance, the factors affecting each dimension of the model by analyzing organizational
documents, library studies, observation and the interview will be obtained. Then we used the Fuzzy
TOPSIS approach to select the optimal indicators among the available indicators. Finally, for
evaluating and screening the findings of this stage, experts' opinions and the Delphi method are
applied to achieve consensus about the influential factors. In the second step, a network data
envelopment analysis (NDEA) approach is designed to measure the performance of laboratories. In
Fig.1, the methodology is showed in two steps.
7

[Insert Figure 1 about here]

2.1. Identify indicators using qualitative studies
Initially, we used two methods of documentation and observation to obtain the most important
indicators in the laboratory field and to compile indicators. Some of the indicators we required were in
the form of documents and articles. Then, by attending laboratories, we got the overall effective
factors in laboratory processes through the observation of the organization. The appropriate indicators
are showed in Table (1) following as presence.

[Insert Table 1 about here]
2.2. FUZZY TOPSIS Technique
In this step, the Fuzzy TOPSIS method is used to evaluate the improvement. Fuzzy TOPSIS is
an approach that deals with complex systems of choice between different indicators. In other words,
Fuzzy TOPSIS offers a way to compare indicators [31]. Fuzzy TOPSIS approach creates consistent
and systematic criteria, based on selecting the best indicators with the shortest distance from the
positive ideal solution and the farthest distance from the negative ideal solution. The positive ideal
solution is one of the most advantageous of all indicators and the negative ideal solution is one of the
lowest advantageous. Therefore, indicators are ranked according to their relative proximity to ideal
solutions. The goal is to prioritize the optimal indicators so that they are closest to the positive ideal
solution and the farthest from the negative ideal solution [32].
Fuzzy TOPSIS includes the following steps:
Step 1: Definition of linguistic variables
The questionnaire was designed with the aim of obtaining expert opinions about the extent to
which they agreed with the model's criteria. Thus, the experts have expressed their consent through
verbal variables such as Very Low, Low, Medium, High and Very High. Since the different
characteristics of individuals affect their mental interpretation of the qualitative variables, by defining
the range of qualitative variables, the experts with the same mindset respond to the questions. These
variables are defined in the form of triangular fuzzy numbers according to Table (2).
8

[Insert Table 2 about here]
It should be noted that in Table (2), the defuzziﬁcation value were calculated by x  m 

 
4

.

Step 2: Establishment of Decision Matrix for evaluating of indicators:
At this stage, 20 experts (experts of medical diagnostic laboratories) evaluated of the identified
indicators on based of linguistic variables.

Step3: Calculation of the normalized decision matrix

R  rij 
i=1,2,...,n j=1,2,...,m
m n
. Where,

m is number of indicators and n is number of experts.
Step 4: Calculation of the weighted normalized decision matrix. The weighted normalized value

V  v ij i=1,2,...,n j=1,2,...,m

is calculated as:

v  w ij v ij

. Here, the meaning of

W ij

is the

weighted based on the opinion of experts.

 A  and negative ideal solution  A  respectively. Here


Step 5: Defining the positive ideal solution



the positive ideal value and the negative ideal value by Chen [33] are used.
Step 6: Calculating the total distances of each of the indicators from the fuzzy positive ideal and the
fuzzy negative ideal: If

A  a1 , a2 , a3 

and

B  b1 , b2 , b3 

between these two fuzzy numbers is obtained as

A , B  

are two fuzzy numbers, then the distance

1
2
2
2
b1  a1   b2  a2   b3  a3  


3
.

Depending on how the distance between the two fuzzy numbers is calculated, the distance between
each

of

the

positive

ideal

and

negative

d i   d v ij v ij  i=1,2,...,m j=1,2,...,n

components

is

obtained

as

d i   d v ij v ij  i=1,2,..,n j=1,2,...,m

n

j 1

ideal
n

j 1

and

.

Step 7: Calculating the relative closeness of the each indicator to the ideal solution: This relative

ci 
closeness can be expressed as

D i
i=1,2,...,m
D i  D i
.
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Step 8: Ranking of the indicators: Based on the order of decreasing C value, the existing indicators
were ranked. This means that each indicators be C value larger, will be more important. The results of
ranking of indicators are shown in Table (3).

[Insert Table 3 about here]
2.3. Delphi method
The Delphi Method is the most effective method for identifying the indices. It is an iterative
process to collect and modify judgments of experts using a series of data collection. This method is
especially useful for healthcare providers where standards and benchmarks for evaluation are not
available. In this step, experts identify the required indicators according to the rankings of the
indicators obtained in the Fuzzy TOPSIS method.
To extract the factors, using the ranking of the indicators obtained in Table (3), the effective
criteria of the three laboratory processes (pre-test, test and post-test) were gained from the Delphi
method in the following steps.
Step 1: All members of the group received the first questionnaire which was designed in a semistructured manner based on the information in Table (3). Next, a second questionnaire was designed
based on the data extracted from the first one.
Step 2: Members of the Delphi team were given a questionnaire and were asked to indicate the
importance of the criteria using the Likert Scale in Table (4).

[Insert Table 4 about here]

Starting with this step onwards, we aim to reach a consensus among the respondents.
Step 3: Using the data from the first Delphi stage, the average value of each criterion was calculated.
The experts were given a third questionnaire, and the processing of the data was conducted in the
usual way similar to the previous step. Here, respondents have the option of changing their past
opinion, as well as checking and evaluating other experts’ opinion, thus channeling the process
towards reaching a consensus that everybody agrees on. Table (5) shows the final performance
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indicators in the field of diagnostic labs using the Delphi Method.

[Insert Table 5 about here]
2.4. Model description
2.4.1. Three-stage process
We considered three stages according to Fig. 2. Then we defined each time period as a decisionmaking unit and denoted it as DMU j  j  1,2,....n  . It actually simulates a medical diagnostic lab in
the real world. The laboratory consists of three main processes pre-testing, testing and post-testing.
The first stage is the reception unit, the second stage of the sampling & testing unit and the third stage
of the test results unit. In the reception unit, we consider the desired inputs and the undesirable inputs,
which we denoted as xi1 j  i1  1,2,..., I1  and xi2 j  i2  1,2,..., I 2  , respectively. The desired output
and the undesirable output are considered as additional outputs, denoted by yr1 j  r1  1,2,..., R1  ,

yr2 j  r2  1,2,..., R2  , respectively. The intermediate measures between the reception unit and the
sampling & testing unit, which is introduced by zd1 j  d1  1,2,..., D1  . The additional inputs to the
sampling & testing unit are represented by xi3 j  i3  1,2,..., I 3  .The intermediate measures of the
sampling and testing unit and the test results unit represented by zd2 j  d2  1,2,..., D2  . The additional
outputs to the sampling and testing unit as presented by yr3 j  r3  1,2,..., R3  .In the test results unit,
an additional input represented by xi4 j  i4  1,2,..., I 4  . Finally, we define the outputs of the test
results unit, which we introduce by yr4 j (r4  1,2,..., R4 ) .
[Insert Figure 2 about here]

We assign vi1 and vi2 as the weights of the inputs to the reception unit. We denote zd1 j as the
weights of the intermediate measures between the reception unit and the sampling & testing unit that
play dual role in the reception unit and in the sampling & testing unit. Assign zd1 j in the reception
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unit,  d1 plays a role as the weight of the output. Finally, we introduce ur1 and ur2 as the weights on
the outputs flowing from the reception unit. According to the three-stage network shown in Fig. 3, the
efficiency of the reception unit is determined by 0Reception unit .
In the sampling & testing unit, we consider vi3 and ur3 are the weights on inputs and outputs,
respectively. Let  d2 denote the weights on the intermediate measures to the sampling & testing unit.
Given the dual role of zd2 j in the sampling & testing unit and the test results unit, we signify  d2 and

 d as the weights associated with the outputs and inputs flowing from the sampling & testing unit,
1

respectively. We show the efficiency of the sampling & testing unit by 0Sampling & Testing unit .
In the test results unit, we define  d2 and ur4 are the weights on inputs and outputs, respectively.
Also, we adopt  d2 as the weights on the intermediate measures to the test results unit. As the
intermediate measures play dual role of zd2 j , we explain  d2 as the weights associated with the inputs
flowing from the test results unit. The efficiency of the test results unit is shown by 0Test Results unit .
In this study, the intermediate measures are evaluated and re-modelled, regardless of the dual role
(as inputs of one stage or as output of the next stage). Therefore we used the same weights for the
intermediate measures. This is a common assumption in DEA studies [34].
For the network system shown in Fig. 2, the reception unit, the sampling & testing unit and the test
results unit are connected by intermediate measures zd1 j  d1  1,2,..., D1  and zd2 j  d2  1,2,..., D2 
in series. The overall efficiency of the system can be calculated by means of formula (1) conforming
to the tandem system of Kao and Hwang [35]:

0overall  max 0Reception unit .0Sampling & Testing unt .0Test Results unit (1)
Where 0overall is the efficiency of whole system. The overall efficiency DMU 0 can be achieved
by solving fractional program (2).
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0
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v

i1 1

i 2 1

2

i3

.

d2

R4

z 2 0  u r3 y r3 0
r3 1
D1

v i 3 x i 3 0  d1 z d1 0
i 3 1

d1 1

u
.

r4 1

r4

y r4 0

I4
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i 4 1

d 2 1

v i 4 x i 4 0   d 2 z d 2 0

R1

r1 1

I2

i1



d 2 1
I3

R3

x i1 j  v i 2 x i 2 j

 1, j=1,2,....,n

(2)

i 2 1

R3

D2

i 3 1

I2

r2 1

i1 1

v

I1

I1

d 2 1
I3

r1 1

z d1 j  u r2 y r2 j  u r1 y r1 j

d1

 d z d

r2 1

D2

 u r2 y r2 0  u r1 y r1 0

R2



s .t .

R1

v i1 x i1o  v i 2 x i 2 0

D1

d1 1

z

d1 d1 0

d1 1

R2

2

j

u
r3 1
D1

r3

y r3 j

x i 3 j  d1 z d1 j

 1, j=1,2,...,n

d1 1

R4

u
r4 1

I4

v

i 4 1

r4

y r4 j
D2

i4

x i 4 j   d 2 z d 2 j

 1,

j=1,2,...,n

d 2 1

d ,d ,u r ,u r ,u r ,u ,v i ,v i ,v i ,v   ; d 1  1, 2,..., D1; d 2  1, 2,..., D 2 ; r1  1, 2,..., R1;
1

2

1

2

3

r4

1

2

3

i4

r2  1, 2,..., R 2 ; r3  1, 2,..., R 3 ; r4  1, 2,..., R 4 ; i 1  1, 2,..., I 1; i 2  1, 2,..., I 2 ; i 3  1, 2,..., I 3 ; i 4  1, 2,..., I 4 .
Given the fact that the performance of all stages is less than one, the Model (2) is a linear program,
so, in the next section of this paper, we present a heuristic method to solve.
2.4.2. Model solution and efficiency decomposition
Due to additional inputs and outputs, the Model (2) cannot be converted to a linear program. To
solve this model, we propose a hybrid approach for evaluating and analyzing performance in the
network of three-stage model. Since the objective function of Model (2) is obtained through the
multiplicative

efficiency

of

the

three-stage

by

0overall  max 0Receptionuni unit .0Sampling & Testing unit .0Test Results unit We can examine the efficiency of the
reception unit 0Reception unit and the efficiency of the sampling and testing unit 0Sampling

& Testing unit

as two

variables in the objective function, which will change between the intervals 0,0Reception unit-max  and
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0,0Sampling & Testining unit-max  , respectively. We define the optimal efficiency of the reception unit and
the sampling & testing test as follows Model (3):

0Receptionun unit- max 
 1




0Reception unit  0Reception unit-max  k 1 , k1  0,1, 2,..., 
0Sampling & Testing unit  0Sampling

 Sampling & Testing unit-max 
& Testing unit-max
 k 2  , k 2  0,1, 2,...,  0
 1




(3)

We take  as a step size and of a very small value. Note that the smaller ∆ε value is chosen, the
more precise results will be gained. We define 0Reception unit-max and 0Sampling

& Testing unit-max

as the

maximum efficiency of the first stage and the second stage, respectively, which, by following
Formulas (4) can be calculated.



& Testing unit
Results unit
0Reception unit- max  max 0Reception unit  jReception unit  1, Sampling
 1, Test
 1, j  1,2,..., n
j
j





Results unit
0Sampling & Testing unit-max  max 0Sampling & Testing unit  jReception unit  1, jSampling & Testing unit  1, Test
 1, j  1,2,..., n
j



(4)

Note that in formulas (4), the maximum optimistic efficiency of the first and second stages are
achieved under conditions where the efficiency of all stages is less than one. It should be noted that all
variables in the formula (3) are non-negative. Applying by Charnes and Cooper [36] transformation
the fractional programs are converted to linear program models by the following Models (5) and (6).



Reception unit-max
0

R2

R1

d1 1

r2 1

r1 1

 max d1 z d1 0   u r2 y r2 0   u r1 y r1 0

I1

s .t .

D1

I2

v i1 x i1 0  v i 2 x i 2 0
i1 1

i 2 1

D1

R2

R1

I1

I2

d1 1

r2 1

r1 1

i 1 1

i 2 1

D2

R3

I3

D1

d 2 1

r3 1

i 3 1

d1 1

R4

I4

D2

r4 1

i 4 1

d 2 1

d1 z d1 j  u r2 y r2 j  u r1 y r1 j  (v i1 x i1 j  v i 2 x i 2 j )  0, j=1,2,...,n
 d 2 z d 2 j  u r3 y r3 j  (v i 3 x i 3 j  d1 z d1 j )  0, j=1,2,...,n

u r4 y r4 j  (v i 4 x i 4 j   d 2 z d 2 j )  0, j=1,2,...,n
d1 ,d 2 ,u r1 ,u r2 ,u r3 ,u r4 ,v i1 ,v i 2 ,v i 3 ,v i 4   ; d 1  1, 2,..., D1; d 2  1, 2,..., D 2 ; r1  1, 2,..., R1;
r2  1, 2,..., R 2 ; r3  1, 2,..., R 3 ; r4  1, 2,..., R 4 ; i 1  1, 2,..., I 1; i 2  1;2,..., I 2 ; i 3  1, 2,..., I 3 ; i 4  1, 2,..., I 4 .
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(5)
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d 2 1

z

d 2 d1 j

  u r3 y r3 j  (v i 3 x i 3 j  d1 z d1 j )  0, j=1,2,...,n

(6)

u r4 y r4 j  (v i 4 x i 4 j   d 2 z d 2 j )  0, j=1,2,...,n
d1 ,d 2 ,u r1 ,u r2 ,u r3 ,u r4 ,v i1 ,v i 2 ,v i 3 ,v i 4   ; d 1  1, 2,..., D1; d 2  1, 2,..., D 2 ; r1  1, 2,..., R1; r2  1, 2,..., R 2 ;
r3  1, 2,..., R 3 ; r4  1, 2,..., R 4 ; i 1  1, 2,..., I 1; i 2  1, 2,..., I 2 ; i 3  1, 2,..., I 3 ; i 4  1, 2,..., I 4 .
By specifying the values of 0Reception unit-max and 0Sampling

& Testing unit-max

through Models (5) and (6),

we transform the Model (2) into the following Model (7).

 0overall







 max  0Reception unit . 0Sampling & Testing unit . 0Test









o

Results unit
Re ception unit
 Test

1,


,
j
0

I
 (7)
Sampling & Testing unit
o

 0Sampling & Testing unit  0Sampling & Testing unit

I0


, 0Reception unit  0, 0Reception unit-max  ,

 0Sampling & Testing unit-max  0, 0Sampling & Testing unit-max  , j=1,2,...,n 


 jReception unit  1, jSampling & Testing unit  1,

Reception unit
0
Reception unit
0

Results unit

In the Model (7), 0Reception unit and 0Sampling & Testing unit in the objective function are considered as two
variables, and two constraints which specify these two variables and together with its interval
modifications, it was supplemented to the model. In the Model (6), the efficiency of the two stages is
shown as the output ratio to the input of each stage by 0Reception unit 

0Sampling & Testing unit 

o 0Reception unit
and
I 0Reception unit

o 0Sampling & Testing unit
. The Model (7) is a fractional model and by utilizing the
I 0Sampling & Testing unit

Charnes and Cooper [36] conversion, such as given below, is modified by the following linear
program (8).
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R4

0overall  max 0Reception unit .0Sampling & Testing unit .( u r4 y r4 0 )

(8)

r4 1

I4

D2

i 4 1

d 2 1

s .t . v i 4 x i 4 0   d 2 z d 2 0  1
D1

R2

R1

I1

I2

d1 1

r2 1

r1

i1 1

i 2 1

D2

R3

I3

D1

r3 1

i 3 1

d1 1

I4

D2

d1 z d1 j  u r2 y r2 j  u r1 y r1 j  (v i1 x i1 j  v i 2 x i 2 j )  0, j=1,2,...,n


d 2 1
R4

u
r4 1

z

d2 d2 j

  u r3 y r3 j (v i 3 x i 3 j  d1 z d1 j )  0, j=1,2,...,n

r4 y r4 j (v i 4 x i 4 j   d 2 z d 2 j )  0, j=1,2,...,n
i 4 1

d 2 1

D1

R2

R1

d1 1

r2 1

r1 1

D2

R3

I3

D1

r3 1

i3

d1 1

I1

I2

d1 z d1 0  u r2 y r2 0 u r1 y r1 0  0Reception unit (v i1 x i1 0  v i 2 x i 2 0 )  0


d 2 1

z

d2 d2 0

i 2 1

i1

  u r3 y r3 0  0Sampling & Testing unit (v i 3 x i 3 0  d1 z d1 0 )  0

0Sampling & Testing unit  0,0Sampling & Testing unit-max 
d1 ,d 2 ,u r1 ,u r2 ,u r3 ,u r4 ,v i1 ,v i 2 ,v i 3 ,v i 4   ; d 1  1,2,..., D1; d 2  1,2,..., D 2 ; r1  1,2,..., R1; r2  1,2,..., R 2 ;
r3  1,2,..., R 3 ; r4  1,2,..., R 4 ; i 1  1,2,..., I 1; i 2  1,2,..., I 2 ; i 3  1,2,..., I 3 ; i 4  1,2,..., I 4 .
We increase the values of k1 and k2 independently, from (0) to a high level for each one, so that
each time the model can be solved with the new 0Reception unit and 0Sampling & Testing unit-max . We solve the
model for all modes of the 𝑘1 and 𝑘2 . Then the model responses are displayed by 0overall (k 1 , k 2 ) . By
comparing the overall values of 0overall (k 1 , k 2 ) , the maximal efficiency of 0overall (k 1 , k 2 ) as the
performance of the network shown in Fig. 2.
We have tested our proposed approach in three modes and take two stages each time. Given the
fact that the productivity of Fig. 2 is unique, the results of these three methods are remarkably
approximated to each other. For this purpose, we have presented one of these three conditions to
describe above approach.
3. Case Study
According to statistics health reference laboratories, there are 5611 laboratories operating in Iran.
Of these, the share of the public sector and share of the private sector is 57% and 43%, respectively.
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There are 933 active laboratories in Tehran, which include 16.7% of the total share of the country. Of
these, 71% and 29% are managed by the private sector and the public sector, respectively. The
statistics show that, unlike the number of laboratories in the country, most of which are available to
the public sector, most of the labs are under private sector management in Tehran. Considering the
importance of the private sector in Tehran, our case study is related to the private laboratories of
Tehran. In this regard, the sample size in this study includes 25 medical diagnostic laboratories
selected by cluster sampling from private laboratories in Tehran.
3.1. Inputs and outputs
In this section we will examine the performance of private medical diagnostic laboratories in
Tehran. Medical diagnostic laboratories of three main processes: the pre-test process, the testing
process, and the post-test process as shown in Fig. 3.
[Insert Figure 3 about here]

The reception unit is the only component of the pre-test process. It has two inputs, i.e. the number of
active experiments (x 1 ) and the available space for service (x 2 ) . Its outputs are the average waiting
time for sampling ( y 1 ) , the income from admission (economic criterion) ( y 2 ) and income from
admission (economic criterion) ( y 3 ) . The number of samples (z 1 ) is relevant to the reception, the
sampling, and the testing units. The sampling and testing units comprise the testing process. Together,
they have four inputs, i.e. the cost of consumables (economic criterion) (x 3 ) , safety cost of sampling
unit (social criterion) (x 4 ) , safety cost of test unit (social criterion) (x 5 ) and the number of kits (x 6 ) .
Their outputs are the average sample transfer time ( y 4 ) , the number of false tests ( y 5 ) , test response
time ( y 6 ) and the garbage weight (environmental criterion) ( y 7 ) . The reception and the sampling and
testing units are linked in series. As intermediate measures of the sampling & testing unit and the test
unit is defined as the correct number of tests (z 2 ) . The post-test process involves just one stage, i.e.
the test results stage. The results unit and the sampling and testing unit are linked in series. The test
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results unit has three outputs, i.e. the number of responses of the prepared tests ( y 8 ) , the sum of the
scores of the laboratory standards ( y 9 ) , and Lab Profit (economic criterion) ( y 10 ) . The staff wage

(x 7 ) (economic criterion) is expressed as an additional input for the results test unit.
4. Results
According the opinions of the experts, we consider the step size in the models   0.01 . In the
following, we obtain the overall efficiency and the efficiency of the stages shown in Fig. 2, using the
model (7). For this purpose, we first obtained the performance of first and second stage by using
Model (3). Then, applying formula (4), we calculate the efficiency of the model (8) by changing the
variables k1 and k2. Table (6) shows the score of overall efficiency and the score of efficiency of the
three stages (the reception unit, the sampling & testing unit and the test results unit) of medical
diagnostic laboratories in Tehran.

[Insert Table 6 about here]
By studying the values of k1 and k2, we found the optimal values of network shown in Fig. 2 to
occur when the first and second stages are at their maximum values. For this reason, all values of k1
and k2 vanish. The second column of Table (6) demonstrates the overall efficiency of the medical
diagnostic laboratory units. We identified the efficiency labs in gray. The results illustrate that one lab
is efficient and twenty four labs are inefficient. Also, the average efficiency of the reception unit, the
sampling and testing unit and the test results unit are 0.74, 0.99, and 0.83, respectively.
It can be clearly observed that the discriminatory power of proposed Network DEA model in field
of health systems is more than traditional DEA models. This paper proposes a heuristic model to
convert a multiplicative NDEA approach into an equivalent linear program that, in addition to
simplifying complex calculations, also increases the accuracy of performance scores. Also, our
proposed Network DEA model may be used for ranking of all stages, while the traditional DEA
model only has the ability to rank DMUs that cannot show real rankings Given the importance of
medical laboratory services. In previous studies conducted in various areas of health services, the
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evaluation of the performance of the internal structure using undesirable sustainability indicators has
been neglected, which leads to a reduction in the accuracy of the results. In the present age due to the
prevalence of chronic epidemic diseases, real ranking is of particular importance so that the flexible
and adjustable results can be used, for the managers of medical diagnostic laboratory units. So, the
proposed model in this paper provides a functional platform for managers to make the correct
decisions.
Based on the results, the final ranking of laboratories is as follows:
Where the ">" symbol means that the performance is better.

Lab22  Lab18  Lab13  Lab3  Lab 20  Lab 21  Lab10  Lab15  Lab19  Lab11  Lab 7 
Lab6  Lab4  Lab16  Lab1  Lab17  Lab14  Lab 2  Lab5  Lab 24  Lab 25  Lab9  Lab 23 
Lab12  Lab8 ,
The results of this case study indicate that most private labs in Tehran are not efficient. The reasons
of inefficiency of laboratories can be identified as follow: 1) one of the most important sources of
municipal wastes production is hospitals, health centers, physicians, clinics and medical diagnostic
laboratories. Among them, the laboratories produce the large amount of infectious waste that are of
great importance to health and the environment. Releasing this waste into the environment can cause
and transmit a variety of diseases, including hepatitis B, C, and AIDS. Proper management of waste
plays an important role in the performance of laboratories. 2) Analyzing the standards and criteria that
any laboratory system needs to be upgraded. Therefore, the quality management achievements in the
lab are advantages, such as: enhancing the assurance of the accuracy of the results provided by the
labs, ensuring the continuous calibration of lab equipment, standardizing the procedures for the
management of laboratories, and improves the level of customer-oriented of laboratories. 3) The
ability to differentiate and excel a laboratory is the extensive coverage of services. Therefore,
increasing the geographic coverage of services each laboratory is important. 4) Factors such as
currency fluctuations, price increases of kits, and the cost of implementing quality standards indicate
the laboratories need to control and manage costs. On average, 45% of the total cost required is
related to the consumables in each laboratory. Therefore the costs management has a significant role
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in increasing efficiency. Considering the reasons mentioned for increasing the efficiency of
laboratories, the following solutions are suggested: 1) Separation of laboratory wastes at the place of
production, collection and labelling, transportation to the location of safe place, packing, temporary
storage, transportation from the place of production and loading, and also the final disposal stage. All
steps are designed according to the performance and breadth of each laboratory. All staff members
should be educated and notified of the procedures in writing. 2) Investigating the factors and
determining the status of the laboratory and recording the results in the form of weaknesses and
strengths, and determining the gap between the existing and the desired situation may provide
appropriate and effective strategies for standardizing the laboratories. 3) Provision of services to
smaller laboratories in view of the increasing diversity and capacity of the experiments is one of the
ways in which successful labs operate. The use of sampling units and the use of information and
communication technology is also one of the requirements for the coverage of services. 4) The
operation management approach by identifying and eliminating unnecessary points lead to reduces
additional laboratory costs and increases productivity.
5. Conclusion
Laboratory centers perform an important part of the activities of many health systems and research
organizations. Since the performance of clinical and the researches laboratories plays a vital role in
the quality and efficiency of health care and research activities, the need for solutions for evaluating
and improving their performance has attracted the attention of the world's scientific and professional
communities for many years. The performance measurement in laboratory centers is also important
for managers and authorities in health centers and research organizations. By doing so, they can
provide areas for improvement and increase productivity in the organization through identifying their
strengths and weaknesses.
The purpose of any performance evaluation program is to increase efficiency and improve
effectiveness. This goal is achieved through helping the laboratories to do their best, by developing
their skills and knowledge to meet the future needs of the work units. It is important that the tasks are
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done properly in laboratories, which will improve the quality of the test results, increase the
effectiveness of the services and research achievements. Effectiveness of services in clinical
laboratories leads to a quick diagnosis of illness and to save the lives of patients. Also, the
effectiveness of their research achievements and their commercialization will lead to the growth and
self-sufficiency of research organizations. In this study, a multiplicative Network DEA model based
on a heuristic model is proposed to convert a NDEA approach into an equivalent linear program. The
proposed method has a number of advantages. It makes the ranking method more accurate, which is
especially necessary in relation to the health services department. Another advantage is that in this
method, the efficiency of each stage can be independently examined, based on which, managers can
consider their different views in evaluating the performance of the units. Also, decision makers are
able to obtain information about all the performance points attitudes, so they can make the right
decisions. Therefore, the proposed model, in addition to assessing the performance of DMUs, also has
the ability to rank more accurate them. In addition, in this paper, sustainability factors at three levels
of economic, social and environmental indicators have been identified, which in previous studies in
the field of health services, the factors of sustainable development have been neglected. Since
undesirable data can play a significant role in the actual performance of medical diagnostic
laboratories, so undesirable factors along with sustainable development have been identified and
investigated in the indicators.
Note that to validate the presented proposed multiplicative Network DEA model, a real case study in
Iran used for measuring of the effectiveness of medical diagnostic laboratories .For this purpose, we
simulated a three-stage network with series structure of a medical diagnostic lab in a real-world. This
network model consists of three main laboratory processes (The pre-test process, the test process and
the post-test process). The pre-testing process contain of the reception unit. The testing process
consists of the sampling & testing unit. Finally, the post-test process includes of the test results unit.
The model presented in this article is an innovative model, and similar research was not found in the
field of medical diagnostic laboratories as a network analysis.
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For the future studies, we provided the results of this research to the managers which might lead to
improved laboratory services by adopting appropriate approaches. Due to the numerous indexes and
problems in collecting data, it is suggested that future research of modeling should be done with
imprecise data. Also, since the activities of an enterprise such as medical diagnostic laboratories is not
sectional over a period of time, but is continuous activity, therefore, the cross-sectional efficiency
assessment cannot provide a realistic answer to the performance of laboratories. Therefore, network
analysis in dynamic mode such as window NDEA model is also recommended.
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Fig.1 Steps of Methodology

Fig.2 A three stage series

Fig. 3 Three-stage network of a medical diagnostic laboratory
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Tables
Table1. Indicators effective in evaluating the performance of medical diagnostic laboratories
Row

Indicator

1

Sum of the scores of the laboratory standards

2

Garbage weight

3

Average sample transfer time

4

Number of patients' admitted

5

Number of active experiments

6

Correct number of tests

7

Test response time

8

Number of false tests

9

Available space for service

10

Average waiting time for sampling

11

Cost of consumables

12

Staff wage

13

Number of responses of the prepared tests

14

Safety cost of test unit

15

Number of kits

16

Safety cost of sampling unit

17

Lab profit

18

Income from admission

19

Cost of laboratory space and land value

20

Number of samples

21

Cost of staff welfare

Table2. Triangular Fuzzy Numbers of Linguistic variables
Defuzziﬁcation value

Linguistic variables

Triangular fuzzy number

Very low effect

(1, 1, 3)

0.75

Low effect

(1, 3, 5)

0.5625

Medium effect

(3, 5, 7)

0.3125

High effect

(5, 7, 9)

0.0625

Very high effect

(7, 9, 9)

0.0625
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Table3: Ranking of indicators
Row

1

The distance to the

The distance to the

positive ideal

negative ideal

25.085

Indicator

C

Rank

0.921

0.035

1

25.21

0.808

0.031

2

Average sample transfer time

25.243

0.776

0.03

3

Garbage weight

25.26

0.758

0.029

4

Number of patients' admitted

25.266

0.754

0.029

5

Number of active experiments

25.288

0.734

0.028

6

Number of false tests

25.302

0.722

0.028

7

Number of samples

25.356

0.669

0.026

8

Available space for service

25.367

0.658

0.025

9

Correct number of tests

25.466

0.644

0.022

10

Number of kits

25.480

0.606

0.022

11

25.501

0.599

0.02

12

Staff wage

25.566

0.576

0.019

13

Cost of staff welfare

25.599

0.555

0.019

14

Test response time

25.607

0.543

0.017

15

responses of the prepared tests

25.666

0.520

0.017

16

Income from admission

25.676

0.511

0.016

17

Cost of consumables

25.702

0.498

0.013

18

Safety cost of test unit

25.756

0.477

0.013

19

Lab profit

25.768

0.465

0.011

20

Safety cost of sampling unit

25.789

0.413

0.011

21

Sum of the scores of the
laboratory standards

2

Cost of laboratory space and
land value

3
4
5
6
7
8
9
10
11
12

Average waiting time for
sampling

13
14
15
16
17
18
19
20
21

Table 4.The Likert Scale
1

2

3

4

5

Very low effect

Low effect

Medium effect

High effect

Very high effect
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Table 5.Effective indicators for the performance evaluation of medical diagnostic laboratories
Row

Indicator

1

Sum of the scores of the laboratory standards

2

Garbage weight

3

Average sample transfer time

4

Number of patients' admitted

5

Number of active experiments

6

Correct number of tests

7

Number of false tests

8

Available pace for service

9

Staff wage

10

Number of kits

11

Income from admission

12

Cost of consumables

13

Safety cost of test unit

14

Safety cost of sampling unit

15

Average waiting time for sampling

16

Test response time

17

Number of responses of the prepared tests

18

Lab profit

19

Number of samples

Table6. Comparison of overall Efficiency and Efficiency of four Stages for 25 medical Diagnostic Laboratories
in 2018
Lab

𝜽𝐨𝐯𝐞𝐫𝐚𝐥𝐥

𝜽𝑹𝒆𝒄𝒆𝒑𝒕𝒊𝒐𝒏 𝒖𝒏𝒊𝒕

1

0.79044

1

2

0.74755

3

𝜽𝑺𝒂𝒎𝒑𝒍𝒊𝒏𝒈 & 𝑻𝒆𝒔𝒕𝒊𝒏𝒈

𝜽𝑻𝒆𝒔𝒕 𝒓𝒆𝒔𝒖𝒍𝒕𝒔 𝒖𝒏𝒊𝒕

K1

K2

1

0.79044

0

0

1

1

0.74755

0

0

1

1

0.9367

0.9367

0

0

4

0.80058

0.99195

0.53988

0.42874

0

0

5

0.74256

1

1

0.74256

0

0

6

0.87083

1

0.82592

0.71924

0

0

7

0.88457

1

1

0.88457

0

0

8

0.44298

1

0.81647

0.36168

0

0
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𝒖𝒏𝒊𝒕

9

0.67675

0.99738

0.75611

0.51036

0

0

10

0.99999

0.99709

0.43292

0.43166

0

0

11

0.89141

1

0.89103

0.79428

0

0

12

0.62505

0.99599

0.36656

0.2282

0

0

13

1

0.99037

1

0.99037

0

0

14

0.75534

1

0.66139

0.49958

0

0

15

0.92763

1

0.43943

0.40763

0

0

16

0.79536

1

1

0.79536

0

0

17

0.78145

1

0.59759

0.46699

0

0

18

1

0.99216

1

0.99216

0

0

19

0.89967

0.97776

1

0.87966

0

0

20

1

0.99079

0.36925

0.36585

0

0

21

1

0.99236

0.15403

0.15362

0

0

22

1

1

1

1

0

0

23

0.65196

0.99456

0.7256

0.47049

0

0

24

0.69152

0.99348

0.53293

0.36613

0

0

25

0.67739

1

0.41965

0.28427

0

0
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