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Performance assessment during the time and along with strategies is the most important requirements of top managers. To assess
the performance, a balanced score card (BSC) alongwith strategic goals and a data envelopment analysis (DEA) are used as powerful
qualitative and quantitative tools, respectively. By integrating these two models, their strengths are used and their weaknesses are
removed. In this paper, an integrated framework of the BSC and DEA models is proposed for measuring the efficiency during the
time and along with strategies based on the time delay of the lag key performance indicators (KPIs) of the BSC model. The causal
relationships during the time among perspectives of the BSC model are drawn as dynamic BSC at first. Then, after identifying the
network-DEA structure, a new objective function for measuring the efficiency of nine subsidiary refineries of the National Iranian
Oil Refining and Distribution Company (NIORDC) during the time and along with strategies is developed.

1. Introduction

Performance management is one of the most important
issues, in which if the organizational vision is used, future
decision making of an organization will be achieved along
with strategic goals. There are a number of performance
assessment tools in the literature; however, the balanced
score card (BSC) is used only along with strategic goals. By
implementing the BSC, organizations should translate their
visions to strategic objectives, link their vision to individual
performance, and measure their performance along with
their visions [1].

The BSC methodology is a performance management
system for today’s successful organizations. It indicates the
organizational mission and vision in a set of cause-and-effect
relationships in four perspectives (i.e., financial, customer,
internal processes and learning, and growth) [2]. The BSC
innovators introduced cause-and-effect relationships based
on key performance indicators (KPIs) to link strategies to
vision. The chains of the cause-and-effect relation connect

all the factors with performance indicators through the four
perspectives of the BSCmodel, which reflect dynamically the
change of strategies and indicate how an organization creates
its value [3].

The BSC model controls the vision and strategies by per-
formance indicators. The financial indicators are insufficient
in explaining the performance because they only contain the
information which has taken place in the past. Then, Kaplan
and Norton introduced the BSC system, which integrates the
indicators regarding the past performancewith the indicators
regarding the elements that will bring future performances.
By using the BSC, balance between performance drivers,
named lead KPIs, and outcome measures, named lag KPIs,
is created. The lead KPIs communicate the way to achieve
vision and indicate early whether strategies are being imple-
mented successfully. The lag KPIs may enable organization
to accomplish long-term operational improvements and
enhance financial performance. The ideal BSC should have
an appropriate mix of the lead KPIs and the lag KPIs tailored
to the business unit’s strategy [4].
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Continuous performance assessment during the time and
along with strategic goals is desirable for top managers of
an organization. It is suitable for continuous control of any
organization. Performance assessment in the BSC is based
on lag and lead KPIs. Due to delay of lag KPIs in the BSC,
relationships between four perspectives are not simple and
dynamics in the BSC perspectives appeared. Despite the
capability of the BSC for evaluating the performance based
on KPIs, the lack of quantitative methods for measuring the
performance is a major weakness. To tackle this weakness,
the DEA model can be considered as one of the best
mathematical methods to calculate the performance. Despite
its capability for evaluating the performance, inability to
determine the input and output variables is a main weakness.

The weakness of input and output variables in the
DEA model is removed through KPIs of the BSC model
and the lack of the quantitative method for measuring the
performance is also removed through the DEA model. By
integrating these BSC and DEA models, their weaknesses
are removed and the synergy for the performance assess-
ment during the time is achieved. According to the above-
mentioned points, integration of two performance assess-
ment models during the time and along with strategic goals
is the main purpose of this paper.

Many studies have been done on the simultaneous use
of the DEA and BSC models for performance assessment.
Rouse et al. [5] first studied a DEA analysis integrated with
the BSC model. They used the DEA model to measure the
efficiency over time and then used four perspectives of the
BSCmodel as variables of the DEAmodel. Eilat et al. [6] used
mixed DEA, BSC, and branch-and-bound algorithm in order
to develop their previous study [7] proposing a framework
for selection of the R&D projects. Chen et al. [8] used an
integrated DEA and BSC model to measure the selection of
KPI results at a credit cooperative bank in Taiwan with four
models. The first model includes input and output variables,
the second model includes BSC indicators, the third model
includes BSC risk indicators, and the fourth model includes
traditional financial indicators. Garćıa-Valderrama et al. [9]
and Chiang and Lin [10] developed a DEAmodel to compare
the tradeoffs between financial and nonfinancial KPIs in the
BSC by considering the KPI of the BSCmodel as a variable in
the DEA model.

Maced et al. [11] used an integrated DEA and BSC model
with six KPIs based on six BSC perspectives as variables in
order to evaluate the performance of bank branches in Brazil.
Asosheh et al. [12] used integrated BSC and DEA models to
measure the efficiency of projects in IranMinistry of Science,
Research and Technology with the fuzzy data. Amado et al.
[13] used DEA and BSC models to measure the performance
of a multinational company. Most studies have used the KPIs
of BSCmodel as input and output variables in the classic DEA
model.

Because of time delay in the lag KPIs of the BSC model,
considering the time factor for performance assessment is
essential. To consider the time delay resulting from the lag
KPIs, the dynamic cause-and-effect relation of the BSCmodel
in different periods based on judgment of experts must be
determined.

Different studies to draw causal relationships between
perspectives of BSC based on judgment are done. The
DEMATELmodel [14–17], DEMATELmodel with fuzzy data
[18, 19], and the DEMATEL and ANPmodel [20, 21] are used
to identify the causal relationships among strategic objectives.
Apart from these, similar studies have been conducted on
drawing cause-and-effect relationships. For example, Jeng
and Tzeng [22] used the fuzzy DEMATEL model to discover
the causal relationship between the important variables. Ren
et al. [23] used the DEMATEL model to recognize the cause-
and-effect relation to improve the sustainability of a hydrogen
supply chain. Horng et al. [24] used the DEMATEL model to
identify the critical standard and draw the cause-and-effect
relation between them for the future restaurant space design.

By revealing the cause-and-effect relation during the
time of the BSC model, the classic DEA model is not
suitable quantitative one to measure the efficiency. Thus, a
network-based DEA model is needed. Different studies on
this network model have been carried out. The reader may
read more details in Kao [25]. The basic two-stage is the
simplest network structure, in which all inputs from outside
are supplied to the first process to produce intermediate
products for the second process to produce the final outputs.
Each stage is named process and total structure is named
system.

Seiford and Zhu [26] measured the performance of US
commercial banks by using a basic two-stage structure. Based
on this work, a lot of studies have been carried out. Yang [27]
used an average model to measure the process efficiencies
of insurance companies in Canada. Kao and Hwang [28]
proposed a relational model with a product of two processes
as objective function to measure the system efficiency of
nonlife insurance companies in Taiwan. Chiou et al. [29] con-
sidered the average of two processes as objective function to
measure the efficiencies of bus companies in Taiwan. Chen et
al. [30] used a system distancemodel with a weighted average
approach as objective function considering projection of the
intermediate variable to measure the efficiency.

Wang and Chin [31] showed that if the weight of each
process is defined as the aggregate output of the process
in that of two processes, then the aggregate efficiency is a
weighted harmonic average of the process efficiencies. Kao
and Hwang [32] used BCC input and output models for effi-
ciency measurement of the first and second process models,
respectively. Then, they decomposed the system efficiency
as a product of the technical and scale efficiencies. Lewis
et al. [33] minimized the input parameter and maximized
the output parameter to measure the performance of Major
League Baseball teams.

A general two-stage structure allows both stages to con-
sume exogenous inputs supplied from outside. For the first
time, Charnes et al. [34] used this structure for measuring
the efficiency of each process treated as a decision making
unit (DMU). Kao and Hwang [35] extended their previous
model [28] for the general two-stage structure that the inputs
were shared with the second process. Chen et al. [36] used a
weighted average of the two process efficiencies as objective
function. Liang et al. [37] developed two models to measure
the efficiency. One model is to maximize the average of
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Figure 1: Basic two-stage structure.

the two process efficiencies, and the other model is to give
a higher priority to one process. Xie et al. [38] minimized
a weighted input process distance function for efficiency
measurement of regions in China. Lozano et al. [39] used a
distance function for measuring the performance of Spanish
airports.

A series structure appeared with generalization of the
general two-stage structure considering a number of pro-
cesses connected in sequence, in which each process con-
sumes the exogenous inputs and intermediate products
by the preceding process. Nouri et al. [40] defined series
structure with five stages for measuring the system and
process efficiencies of plants in Iran. Kao and Liu [41]
used multiperiod system without intermediate products for
performance measurement of commercial banks in Taiwan
with this structure.

Another type of the network is parallel structure that
is the same as the multiperiod system; however, input or
output variables can be shared. Kao [42] proposed a parallel
system to measure the system and process efficiencies with
the weighted average of the component process efficiencies
as objective function. Bi et al. [43] proposed the parallel
structure, in which the inputs were shared and the outputs
were the contribution of both processes.

There are network systems whose structures are neither
series nor parallel, but amixture of them, namedmixed struc-
ture. Chen andYan [20] defined amixed three-stage structure
for performance measurement of supply chains, in which the
system efficiency was the product of the process efficiency.
Adler et al. [44] defined a mixed two-stage structure, in
which the first and second stages had one and two processes
for the performance assessment of airports in European
countries, respectively. Wang et al. [45] used a mixed two-
stage structure, in which the first stage divides to two parallel
processes and the objective function minimizes the weighted
average of the input and output distance parameters of the
first and second stages for efficiencies measurement of high-
tech firms in Taiwan, respectively. Lin and Chiu [46] defined
a mixed three-stage structure, in which the second stage is
composed of two parallel subprocesses for the Taiwanese
domestic bank’s performance assessment.

With regard to the above division of the existing network
DEA models in the previous section, a basic two-stage
structure of the network DEA model as basic model of
this paper is described in Figure 1, where all inputs (𝑋

𝑖
)

from outside are supplied to the first process to produce
intermediate products (𝑍

𝑑
) for the second process to produce

the final outputs (𝑌
𝑟
).

Chen et al. [30] proposed a weighted additive with
the arithmetic mean approach named additive model.

Components of a two-stage process and proposed overall
efficiency of the two-stage process are given by
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where 𝑤
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2
= 1. These weights are not decision variables,

but rather are functions of decision variables. By setting for
stage 𝑝 of DMU

𝑝
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relative size of that stage as follows:
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The overall efficiency of the process is calculated by solving
the following nonlinear problem, named additive model as
follows:
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In this paper, based on this basic structure of network-DEA,
a new model for efficiency measurement is developed.

By considering a time factor resulting from the lag KPIs
of the BSC model, the time series analysis can be used.
Klepac introduced the REFII model to automate the time
series analysis, through a unique transformation model of
time series in 2005. It is an authorial mathematical model for
time series data mining. Furthermore, he used it to evaluate
risk in an insurance company [47].

2. Materials and Methods

2.1. Proposed Framework. Deployment of the BSC model
is not the purpose of this paper; however, efficiency mea-
surement during the time and along with strategic goals
integrating of the BSC and DEA models is the main purpose
of this paper. By the simultaneous use of these two models,
the purpose of this paper is followed. Despite various studies
on the simultaneous use of the BSC and DEAmodels, almost
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all studies used KPIs of the BSC model as input and output
variables in the classic DEA model. These studies did not
consider a dynamic factor resulting from the delay of the lag
KPIs as dynamic variables with severance of the lead and lag
KPIs.

To consider the time factor, in addition to identifying
causal relationships of the BSC perspectives at a time period,
dynamic causal relationships of BSC perspectives at different
periods should also be considered.

After dividing the KPIs into four perspectives of the BSC
model and identifying the lead and lag KPIs, dynamic and
nondynamic relationships between perspectives of the BSC
resulting from lag and lead KPIs are determined based on
expert judgment, respectively.

Several studies have been carried out to draw the cause-
and-effect relations among perspectives of the BSC model
with expert judgment. However, none of themhas considered
delay of the lag KPIs. In the first stage of the proposed frame-
work, the dynamic and nondynamic cause-and-effect rela-
tions considering the lag and lead KPIs between perspectives
of the BSC model are drawn with fuzzy DEMATEL model,
respectively. For identifying dynamic causal relationships, the
relation matrix between perspectives of BSC with attention
to the lead and lag KPIs are created in a dynamic pattern
as shown in Figure 3. The relationships in the perspectives
of the same period and between perspectives of different
periods are shown in gray and white cells, respectively. This
matrix is created by using expert judgment and considering
relationship of the lag and lead KPIs. The linguistic variables
are used to decrease obscurity of expert judgment.

In the second stage of the proposed framework, fuzzy
DEMATEL model is used to determine the dynamic and
nondynamic cause-and-effect relations between perspectives
of different and same periods, respectively. Then, after
defuzzification of fuzzy DEMATEL calculation, dynamic
cause-and-effect relations between perspectives in different
periods are drawn as dynamic BSC.

The BSC model evaluates the efficiency along with strat-
egy. Hence, for measuring the efficiency along with a strategy
and during the time, a DEA mathematical method should
be added to the dynamic BSC. Then, after identifying causal
networks of BSC perspectives, a classic DEA model is not
suitable. Thus, a network-DEA model is required. Despite
several studies have been done on the network DEA as
reviewed in the previous section, none of them has not
considered network relations of the third level. In the third
stage of the proposed framework considering third level, a
new network DEA structure for measuring the efficiency
is introduced. Then, dynamic and nondynamic variables
resulting from the lag and lead KPIs are defined as variables,
respectively.

Chen et al. [30] used the weighted additive with the
arithmetic mean approach of the second level. However,
by defining the third level in the proposed network DEA
structure, a newobjective function is defined.Then,modeling
for optimization of the proposed structure is done. Finally,
in the sixth stage, the efficiency of decision making units
based on the data set of the KPIs of BSC model as vari-
ables is measured. By deploying this proposed framework,
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St
ag
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Figure 2: Proposed framework.
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Figure 3: Dynamic relation matrix.

the efficiency of DMUs during the times and along with
strategic goals is measured. After identifying the efficiency of
DMUs, the strategic initiatives are redefined to improve the
efficiency scores with feedback lines as shown in Figure 2.

2.2. Case Analysis. The National Iranian Oil Refining and
Distribution Company (NIORDC) was established on the
principle of separating upstream activities, which has nine
oil existing refineries. These companies have performed
National Iranian Oil Company’s activities in the area of all
activities related to crude oil transportation to the refineries
and export jetties, processing, production and distribution
of numerous oil main products and byproducts throughout
Iran, marketing and exporting special products surplus,
construction of refineries, marine platforms, pipelines, and
communication networks, and ensuring internal and long
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Table 1: KPIs of the BSC model.

Perspectives Key performance indicators Type Strategic initiative

Financial
Net profit margin Lead Productivity cycle project
Annual budget Lag Activity based costing
Strategic plans Lag Strategic thinking for managers

Customer Increase of refinery capacity Lag ISO 10004
Quality of oil products Lead ISO 10002

Internal process

Material assigned to refinery Lead Total maintenance management
Gas production in the refinery Lead ISO TS29001

Safety stock for refinery Lead
Outsourcing Lag Outsourcing management

Learning and growth

Training Lead ISO 10015
Effectiveness of training Lag
Management systems Lead Leadership style management

Customers portal changes Lag Information security system

distance, industrial and official headquarters of Oil Ministry
communication with the extreme capability.

In this paper, the efficiency of nine oil existing refineries
of the NIORDC is measured as case analysis. The KPIs of
the NIORDC is divided into four perspectives of the BSC
model based on oil expert comments in Table 1. The strategic
initiatives are also assigned to perspectives for improving
them. The result of the lag KPIs occurs with time delay
because they introduce the past performance. The lead KPIs
do not occurwith time delay because they introduce elements
that will bring future performances. The lead and lag KPIs
identified in the Table 1 help oil experts to have judgment.
For improving the perspectives, the strategic initiatives are
defined for them.

2.2.1. Relation between Perspectives of the BSC. In this stage,
a dynamic relation matrix with attention to the lead and
lag KPIs between perspectives of a period and different
periods is identified, respectively. The lag KPIs occurs with
delay. For this reason, the cause-and-effect relations between
perspectives in different periods of the BSCmodel are created
with delay. The lead KPIs do not have delay and create a
nondynamic cause-and-effect relations between perspectives
at the same period without any delay.

According to the pattern presented in Figure 3, three
groups of oil experts judge the relationship of the BSC
perspectives in different and the same periods with attention
to the lag and lead KPIs with linguistic variables, respectively.
To ensure a correct judgment of oil experts, the result of the
lead and lag KPIs corresponding to the BSC perspectives is
presented for them. Then with awareness of the NIORDC
lead and lag KPIs, the relationship between the perspectives is
judged. Due to space limitations, description of the lead and
lag KPIs is ignored. Linguistic judgment of the first oil expert
group on a dynamic relation matrix is shown in Table 2. The
perspectives of the BSC model are presented as financial (F),
customer (C), internal processes (I), and learning and growth
(L).

2.2.2. Drawing theDynamic Causal Relationship. By adopting
a fuzzy triangular number and linguistic values as shown
in Table 3, a fuzzy DEMATEL model is used by expressing

Table 2: Dynamic linguistic assessment of oil experts.

𝑡1 𝑡2

F C I L F C I L

𝑡1

F No No L No VL VL L H
C VH L No No VH VL L VL
I H VH No No H VH L VL
L No VL VH No VL L H H

𝑡2

F No No No No No No No No
C No No No No VH No No No
I No No No No H VH No No
L No No No No No VL VH No

Table 3: Linguistic values and corresponding terms.

Linguistic terms Linguistic value
Very high influence (VH) (0.75, 1, 1)
High influence (H) (0.5, 0.75, 1)
Low influence (L) (0.25, 0.5, 0.75)
Very low influence (VL) (0, 0.25, 0.5)
No influence (No) (0, 0, 0.25)

different degrees of influences or causalities with five linguis-
tic terms as {Very high, High, Low, Very low, No} and their
corresponding triangular fuzzy numbers [48].

Suppose �̌�
𝑝
= (𝑙
𝑛

𝑖𝑗
, 𝑚
𝑛

𝑖𝑗
, 𝑢
𝑛

𝑖𝑗
) are triangular fuzzy numbers

and are obtained from assessment of oil experts. The average
of these assessments is accounted by using the following
equation as shown in Table 4, which is called a dynamic
relation fuzzy matrix:

𝑍 =

𝑧
1
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2
⋅ ⋅ ⋅ ⊕ 𝑧

𝑝

𝑃
. (5)

By normalizing a dynamic relation fuzzy matrix, a normal-
ized dynamic relation fuzzy matrix (𝑋) is calculated by

𝑥
𝑖𝑗
=

𝑍
𝑖𝑗

𝑟
= [

�̃�
𝑖𝑗

𝑟
,

�̃�
𝑖𝑗

𝑟
,

�̃�
𝑖𝑗

𝑟
]

𝑟 = max
1≤𝑖≤𝑛

(

𝑛

∑

𝑗=1

𝑈
𝑖𝑗
) .

(6)



6 Mathematical Problems in Engineering

Table 4: Dynamic relation fuzzy matrix.

F1 C1 I1 L1 F2 C2 I2 L2
L M U L M U L M U L M U L M U L M U L M U L M U

F1 0 0 0.3 0 0 0.3 0.3 0.4 0.7 0 0 0.3 0 0.3 0.5 0 0.3 0.5 0.5 0.8 0.9 0.5 0.8 1
C1 0.8 1 1 0 0 0.3 0 0 0.3 0 0 0.3 0.8 1 1 0 0.3 0.5 0.2 0.4 0.7 0 0.3 0.5
I1 0.5 0.8 1 0.8 1 1 0.2 0.3 0.6 0 0 0.3 0.5 0.8 1 0.8 1 1 0.3 0.6 0.8 0.1 0.3 0.6
L1 0.1 0.2 0.4 0.1 0.3 0.6 0.8 1 1 0 0.1 0.3 0.3 0.5 0.7 0.3 0.5 0.8 0.7 0.9 1 0.5 0.8 1
F2 0 0 0.3 0 0 0.3 0 0 0.3 0 0 0.3 0 0 0.3 0 0 0.3 0.3 0.4 0.7 0 0 0.3
C2 0 0 0.3 0 0 0.3 0 0 0.3 0 0 0.3 0.8 1 1 0 0 0.3 0 0 0.3 0 0 0.3
I2 0 0 0.3 0 0 0.3 0 0 0.3 0 0 0.3 0.5 0.8 1 0.8 1 1 0.2 0.3 0.6 0 0 0.3
L2 0 0 0.3 0 0 0.3 0 0 0.3 0 0 0.3 0.1 0.2 0.4 0.1 0.3 0.6 0.8 1 1 0 0.1 0.3

Table 5: Fuzzy normalized dynamic relation matrix.

F1 C1 I1 L1 F2 C2 I2 L2
L M U L M U L M U L M U L M U L M U L M U L M U

F1 0 0 0 0 0 0 0 0.1 0.1 0 0 0 0 0 0.1 0 0 0.1 0.1 0.1 0.1 0.1 0.1 0.2
C1 0.1 0.2 0.2 0 0 0 0 0 0 0 0 0 0.1 0.2 0.2 0 0 0.1 0 0.1 0.1 0 0 0.1
I1 0.1 0.1 0.2 0.1 0.2 0.2 0 0.1 0.1 0 0 0 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0 0.1 0.1
L1 0 0 0.1 0 0.1 0.1 0.1 0.2 0.2 0 0 0.1 0 0.1 0.1 0 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.2
F2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0 0 0
C2 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.2 0.2 0 0 0 0 0 0 0 0 0
I2 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.2 0.1 0.2 0.2 0 0.1 0.1 0 0 0
L2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0.1 0.1 0.1 0.2 0.2 0 0 0.1

It is assumed that at least one 𝑖 exists such that ∑𝑛
𝑗=1
𝑈
𝑖𝑗
< 1

[48]. According to Table 4 and considering the mean of a
fuzzy relation matrix and judgment of oil experts, 6.25 for
𝑟-value is defined. The fuzzy normalized dynamic relation
matrix is illustrated in Tables 4 and 5. Next, the total fuzzy
relation matrix is calculated by using (7) and the total
dynamic fuzzy relation matrix is illustrated in Table 6:
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⋅ ⋅ ⋅ �̃�
1𝑛

.

.

. d
.
.
.

�̃�
𝑛1
⋅ ⋅ ⋅ �̃�
𝑛𝑛

]
]
]
]

]

, �̃�
𝑖𝑗
= (𝑙


𝑖𝑗
, 𝑚


𝑖𝑗
, 𝑢


𝑖𝑗
)

[𝑙


𝑖𝑗
] = 𝑋

𝑙
∗ (𝐼 − 𝑋

𝑙
)
−1

[𝑚


𝑖𝑗
] = 𝑋

𝑚
∗ (𝐼 − 𝑋

𝑚
)
−1

[𝑢


𝑖𝑗
] = 𝑋

𝑢
∗ (𝐼 − 𝑋

𝑢
)
−1
.

(7)

By producing the total dynamic fuzzy relationmatrix,𝐷
𝑖
+ �̃�
𝑖

and 𝐷
𝑖
− �̃�
𝑖
are calculated, where �̃�

𝑖
and 𝐷

𝑖
are the sum

of rows and columns, respectively. To access the casual
dynamic relationships between perspectives, 𝐷

𝑖
+ �̃�
𝑖
and

𝐷
𝑖
− �̃�
𝑖
are calculated in our partial results in Table 6. To

finalize the procedure, all calculated 𝐷
𝑖
+ �̃�
𝑖
and 𝐷

𝑖
− �̃�
𝑖
and

total dynamic fuzzy relation matrix are defuzzified through
simple equation (8) as shown in Tables 7 and 8:

Crisp (�̃�) = (𝑙 + 2𝑚 + 𝑢)
4

. (8)

After it becomes clear that how perspectives of BSC impact
each other during the time, identification of threshold to
remove the minor impact is essential. This threshold is
determined by using expert opinion and in some cases by
mean of the total relation matrix elements [49].

In this paper, after getting out by the mean of the total
relation matrix elements of Table 8 as a mental assistance
to oil experts, the threshold value of 0.45 based on oil
experts’ consensus is considered. The elements that have
relationship more than 0.45 are considered to be drawn
as causal relationship. By considering dynamic cause-and-
effect relations between four perspectives of the BSC model,
network relationships are identified as dynamic BSC depicted
in Figure 4.

2.2.3. Defining theDynamic NetworkDEA Structure. Accord-
ing to the dynamic cause-and-effect relations of perspectives
as shown in Figure 4, a dynamic network-DEA structure
with dynamic and nondynamic variables for one DMU is
depicted in Figure 5. According to this structure, efficiencies
are measured in three levels. In the first level, named system,
the overall efficiency is measured. In the second level, named
process, the efficiency of each period ismeasured. In the third
level, named activity, the efficiency of each perspective in a
period is measured. The dynamic and nondynamic relations
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Table 6: Total dynamic fuzzy relation matrix.

F1 C1 I1 L1 F2 C2 I2 L2
L M U L M U L M U L1 M U L M U L M U L M U L M U

F1 0 0 0 0 0 0 0 0.1 0.1 0 0 0 0 0 0.1 0 0 0.1 0.1 0.1 0.2 0.1 0.1 0.2
C1 0.1 0.2 0.2 0 0 0 0 0 0 0 0 0 0.1 0.2 0.2 0 0 0.1 0 0.1 0.1 0 0 0.1
I1 0.1 0.1 0.2 0.1 0.2 0.2 0 0.1 0.1 0 0 0 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.2 0 0.1 0.1
L1 0 0 0.1 0 0.1 0.1 0.1 0.2 0.2 0 0 0.1 0 0.1 0.1 0 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.2
F2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0 0 0
C2 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.2 0.2 0 0 0 0 0 0 0 0 0
I2 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.2 0.1 0.2 0.2 0 0.1 0.1 0 0 0
L2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0.1 0.1 0.1 0.2 0.2 0 0 0.1

Table 7: Calculation for dynamic relationships between perspectives.

𝐷
𝑖

�̃� 𝐷
𝑖
− �̃� 𝐷

𝑖
+ �̃�
𝑖 𝐷 + 𝑅 𝐷 − 𝑅

L M U L1 M U L M U L M U
F1 0.2 0.4 0.8 0.2 0.4 0.7 −0 0.1 0.1 0.5 0.4 1.4 0.90094 0.39171
C1 0.3 0.5 0.8 0.1 0.2 0.5 0.2 0.3 0.3 0.5 0.5 1.3 0.98389 1.5617
I1 0.5 0.9 1.2 0.2 0.3 0.6 0.3 0.6 0.5 0.7 0.9 1.8 1.50274 3.08482
L1 0.5 0.8 1.1 0 0 0.3 0.5 0.8 0.7 0.5 0.8 1.4 1.23462 4.18843
F2 0 0.1 0.4 0.5 0.8 1.1 −0 −1 −1 0.5 0.1 1.5 0.58041 −4.0835
C2 0.1 0.2 0.5 0.3 0.6 0.9 −0 −0 −0 0.5 0.2 1.4 0.64646 −2.2553
I2 0.3 0.4 0.7 0.5 0.8 1.1 −0 −0 −0 0.7 0.4 1.8 1.01532 −2.3134
L2 0.2 0.3 0.6 0.2 0.4 0.8 −0 −0 −0 0.4 0.3 1.3 0.71044 −0.5745

Table 8: Total dynamic relation matrix.

F1 C1 I1 L1 F2 C2 I2 L2
F1 0.042 0.042 0.447 0.042 0.254 0.254 0.804 0.823
C1 1.089 0.042 0.042 0.042 1.089 0.254 0.433 0.254
I1 0.823 1.089 0.356 0.042 0.823 1.089 0.622 0.342
L1 0.195 0.342 1.089 0.11 0.509 0.526 0.997 0.823
F2 0.042 0.042 0.042 0.042 0.042 0.042 0.447 0.042
C2 0.042 0.042 0.042 0.042 1.089 0.042 0.042 0.042
I2 0.042 0.042 0.042 0.042 0.823 1.089 0.356 0.042
L2 0.042 0.042 0.042 0.042 0.195 0.342 1.089 0.11

shown as dash and continuous lines in the dynamic network-
DEA structure are the lag and lead KPIs of the BSC model,
respectively.

By attention to dynamic network structure as shown
in Figure 5, the first level is similar to the basic two-stage
structure. It measures the overall efficiency. The external
relations of perspectives among different periods are identi-
fied as dynamic relation in the second level. It is similar to
general two-stage structure because it allows both processes
to consume exogenous inputs and outputs from outside. The
internal relations between perspectives in each period are
shown in third level. It is similar to the mixed structure
because of being connected by both series and parallel
network relations.

2.2.4. Defining the Dynamic and Nondynamic Variables. The
dynamic and nondynamic relations shown as dash and

Customer (C1)

Financial (F1)

Internal (I1)

Learning (L1)

Customer (C2)

Financial (F2)

Internal (I2)

Learning (L2)

t1 t2

Figure 4: Cause-and-effect relations in the dynamic BSC.

continuous lines are the lag and lead KPIs of the BSC model,
respectively. Then, the data set of nine refineries KPIs as the
DMU of the NOIRDC are illustrated in Table 9.
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Xr1

Ar2
Br3

Gr9 Gr9

Zr4

Zr10
Zr11

Fr5 Fr5

Er8

Dr7
Cr6

Xr13

Hr14

Zr15
Zr17 Zr18

Mr16 Mr16

Ar2
Br3

Yr19

Hr14

Er8Dr7Cr6

S11 S12 S13 S14 S21 S22 S23 S24

Figure 5: Dynamic network-DEA structure in the NIORDC.

Table 9: Data set of the NIORDC.

Key performance indicators Variables DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7 DMU8 DMU9
Annual budget Xr1 94 99 58 78 98 99 74 70 92
Customers portal changes Ar2 100 100 100 68 91 30 40 30 85
Effective measuring of
training Br3 90 88 83 68 90 31 42 29 80

Training in first period Zr4 97 92 97 93 97 92 89 91 99
Management systems in
first period Fr5 73 40 47 87 53 80 40 40 53

Increase refinery capacity Cr6 94 99 58 78 98 99 74 70 92
Strategic plans Dr7 100 100 100 68 91 30 40 30 85
Outsourcing Er8 90 88 83 68 90 31 42 29 80
Material assigned to
refinery in first period Gr9 90 20 156 20 98 5 8 8 9

Gas production in the
refinery in first period Zr10 75 59 15 89 95 167 42 220 127

Quality of oil products in
first period Zr11 98 94 90 93 90 95 89 87 83

Safety stock for refinery Xr13 54 44 20 72 44 35 76 46 20
Management systems in
second period Hr14 83 44 49 90 60 85 43 44 56

Training in second period Zr15 100 100 100 68 91 96 98 79 98
Material assigned to
refinery in second period Mr16 93 24 165 26 102 10 13 11 12

Gas production in refinery
in second period Zr17 77 63 18 90 97 180 47 233 130

Quality of oil products in
second period Zr18 100 96 92 97 93 97 92 89 91

Net profit margin Yr19 4.4 6.11 8.76 6.77 5.9 9.35 1 1 9.4

2.2.5. Modeling the Dynamic Network-DEA Structure. The
activities in the third level are perspectives of the BSCmodel.
Based on Chen et al. [30], the efficiency of each activity is
measured as follows.

For activities of Process 1,

𝜃
11
(𝑗) =

𝑊
𝑟4
⋅ 𝑍
𝑟4𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗
+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗

𝑊
𝑟1
⋅ 𝑍
𝑟1𝑗

𝜃
12
(𝑗) = (𝑊

𝑟6
⋅ 𝐶
𝑟6𝑗
+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗
+𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗

+𝑊
𝑟9
⋅ 𝐺
𝑟9𝑗
+𝑊
𝑟10
⋅ 𝑍
𝑟10𝑗
)

⋅ (𝑊
𝑟4
⋅ 𝑍
𝑟4𝑗
+𝑊
𝑟5
⋅ 𝐹
𝑟5𝑗
)
−1

𝜃
13
(𝑗) =

𝑊
𝑟11
⋅ 𝑍
𝑟11𝑗

𝑊
𝑟10
⋅ 𝑍
𝑟10𝑗

𝜃
14
(𝑗) =

𝑊
𝑟5
⋅ 𝐹
𝑟5𝑗
+𝑊
𝑟13
⋅ 𝑋
𝑟13𝑗

𝑊
𝑟11
⋅ 𝑍
𝑟11𝑗
+𝑊
𝑟9
⋅ 𝐺
𝑟9𝑗

.

(9)

For activities of Process 2,

𝜃
21
(𝑗) =

𝑊
𝑟15
⋅ 𝑍
𝑟15𝑗

𝑊
𝑟13
⋅ 𝑋
𝑟13𝑗

𝜃
22
(𝑗) =

𝑊
𝑟17
⋅ 𝑍
𝑟17𝑗
+𝑊
𝑟16
⋅ 𝑀
𝑟16𝑗

𝑊
𝑟15
⋅ 𝑍
𝑟15𝑗
+𝑊
𝑟14
⋅ 𝐻
𝑟14𝑗
+𝑊
𝑟6
⋅ 𝐶
𝑟6𝑗
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𝜃
23
(𝑗) =

𝑊
𝑟18
⋅ 𝑍
𝑟18𝑗

𝑊
𝑟17
⋅ 𝑍
𝑟17𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗
+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗

𝜃
24
(𝑗) = (𝑊

𝑟14
⋅ 𝐻
𝑟14𝑗
+𝑊
𝑟19𝑗
⋅ 𝑌
𝑟19𝑗
)

⋅ (𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗
+𝑊
𝑟18
⋅ 𝑍
𝑟18𝑗

+𝑊
𝑟16
⋅ 𝑀
𝑟16𝑗
+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗
)
−1

.

(10)

Each period is a process in the second level. The effi-
ciency of each process is measured by the following.

For Process 1,

𝜃
𝑡1
(𝑗) = (𝑊

𝑟13
⋅ 𝑋
𝑟13𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗
+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗

+𝑊
𝑟6
⋅ 𝐶
𝑟6𝑗
+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗
+𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗
)

⋅ (𝑊
𝑟1
⋅ 𝑋
𝑟1𝑗
)
−1

.

(11)

For Process 2,

𝜃
𝑡2
(𝑗) = (𝑊

𝑟19
⋅ 𝑌
𝑟19𝑗
)

⋅ (𝑊
𝑟13
⋅ 𝑋
𝑟13𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗
+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗

+𝑊
𝑟6
⋅ 𝐶
𝑟6𝑗
+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗
+𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗
)
−1

.

(12)

For the first level, the overall efficiency of system by consid-
ering the system as black box is measured by

𝜃
𝑇
(𝑗) =

𝑊
𝑟19
⋅ 𝑌
𝑟19𝑗

𝑊
𝑟1
⋅ 𝑋
𝑟1𝑗

. (13)

The black-box approach in the DEAwas originally developed
to measure the efficiency of a DMU as a whole unit by
ignoring internal relationships.The calculated efficiency with
this approach may not be true because the operations of the
component processes are ignored [34]. It may overestimate
the efficiency of ignoring the intermediate input/output mea-
sures [45]. The black-box objective function is the simplest
approach that comes to mind for a dynamic network in
the Figure 5. But because it ignores the operations of the
component processes and activities in second and third level,
it is not an appropriate approach. Hence, for considering
the network and dynamic operations of the component in a
sublevel, the additive model based on Chen et al. [30] is used.

The weighted average of the efficiencies of the individual
components in the activity level treated as perspectives of the
dynamic BSC is measured by

𝛽
𝑝
=

(component 𝑝 input)
(total input accross all components)

. (14)

For example the weight of first activity in first period is
modeled by

𝛽
11
= (𝑊

𝑟1
⋅ 𝑋
𝑟1𝑗
)

⋅ (𝑊
𝑟1
⋅ 𝑋
𝑟1𝑗
+𝑊
𝑟4
𝑍
𝑟4𝑗
+𝑊
𝑟5
⋅ 𝐹
𝑟5𝑗

+𝑊
𝑟10
⋅ 𝑍
𝑟10𝑗
+𝑊
𝑟11
⋅ 𝑍
𝑟11𝑗
+𝑊
𝑟9
⋅ 𝐺
𝑟9𝑗
)
−1

.

(15)

Similarly, for the other activities the weights are calculated.
The above coefficients are the weights of perspectives of the
BSC in the third level named activities. The weights of each
period in the second level, named processes, are measured as
follows.

For Process 1,

𝛽
𝑡1
= (𝑊

𝑟1
⋅ 𝑋
𝑟1𝑗
)

⋅ (𝑊
𝑟1
⋅ 𝑋
𝑟1𝑗
+𝑊
𝑟13
⋅ 𝑋
𝑟13𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗

+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗
+𝑊
𝑟6
⋅ 𝐶
𝑟6𝑗

+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗
+𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗
)
−1

.

(16)

For Process 2,

𝛽
𝑡2
= (𝑊

𝑟13
⋅ 𝑋
𝑟13𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗
+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗

+𝑊
𝑟6
⋅ 𝐶
𝑟6𝑗
+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗
+𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗
)

⋅ (𝑊
𝑟1
⋅ 𝑋
𝑟1𝑗
+𝑊
𝑟13
⋅ 𝑋
𝑟13𝑗
+𝑊
𝑟2
⋅ 𝐴
𝑟2𝑗

+𝑊
𝑟3
⋅ 𝐵
𝑟3𝑗
+𝑊
𝑟6
⋅ 𝐶
𝑟6𝑗

+𝑊
𝑟7
⋅ 𝐷
𝑟7𝑗
+𝑊
𝑟8
⋅ 𝐸
𝑟8𝑗
)
−1

.

(17)

In the studies carried out so far in the network DEA model,
the weighted average of processes is considered as objective
function. In the structure of this paper in Figure 5, the third
level with network relationships is added. Then, the classic
weighted average of processes as objective function is not
appropriate and needs to be defined as a new objective
function. Considering a network relationship in the third
level between activities, the weighted average of activities
in each process in the third level measure is considered for
measuring the weighted average of the process in the second
level as follows:
Max 𝜃: 𝛽

𝑡1
⋅ (𝛽
11
⋅ 𝜃
11
+ 𝛽
12
⋅ 𝜃
12
+ 𝛽
13
⋅ 𝜃
13
+ 𝛽
14
⋅ 𝜃
14
)

+ 𝛽
𝑡2
⋅ (𝛽
21
⋅ 𝜃
21
+ 𝛽
22
⋅ 𝜃
22
+ 𝛽
23
⋅ 𝜃
23
+ 𝛽
24
⋅ 𝜃
24
) .

(18)

In (18), the processes efficiency is a convex combination of
activities efficiency and the system efficiency is a convex
combination of the processes efficiency because

𝛽
11
+ 𝛽
12
+ 𝛽
13
+ 𝛽
14
= 1

𝛽
21
+ 𝛽
22
+ 𝛽
23
+ 𝛽
24
= 1

𝛽
𝑡1
+ 𝛽
𝑡2
= 1.

(19)



10 Mathematical Problems in Engineering

By adding constrains to the objective function of (18) based
on Chen et al. [30], the model is completed.

Constrains of the third level are

𝜃
11
≤ 1; 𝜃

12
≤ 1;

𝜃
13
≤ 1; 𝜃

14
≤ 1;

𝜃
21
≤ 1; 𝜃

22
≤ 1;

𝜃
23
≤ 1; 𝜃

24
≤ 1.

(20)

Constrains of the second level are

𝜃
𝑡1
≤ 1; 𝜃

𝑡2
≤ 1. (21)

Constrain of the first level is

𝜃
𝑇
≤ 1

𝑊
𝑟1
,𝑊
𝑟2
,𝑊
𝑟3
,𝑊
𝑟4
,𝑊
𝑟5
,𝑊
𝑟6
,𝑊
𝑟7
,𝑊
𝑟8
,𝑊
𝑟9
,𝑊
𝑟10
,𝑊
𝑟11
,

𝑊
𝑟13
,𝑊
𝑟14
,𝑊
𝑟15
,𝑊
𝑟16
,𝑊
𝑟17
,𝑊
𝑟18
,𝑊
𝑟19
≥ 0

𝑗 = 1, . . . , 𝑛.

(22)

2.2.6. Measuring the Efficiency. To measure the efficiency
based on the proposed model in the previous section, infor-
mation of the KPIs of the NIORDC in Table 8 is used. The
efficiency of nine refineries in three levels and the objective
function of the model are illustrated in Table 9. By this
calculation, the efficiency of each perspective and efficiency
of each period and overall efficiency alongwith strategic goals
and during the time are measured.

3. Result and Discussion

The integrated BSC and DEA model proposed in this paper
to measure the efficiency during the time and along with
strategic goals have been the main purpose. To follow this
purpose, it should be understood how a time factor can be
added to the cause-and-effect relation between perspectives
of the BSC model. No study using the BSC and DEA models
simultaneously has considered the time factor resulting from
the lag KPIs as dynamic variables. In addition, no study
has considered dynamics with attention to delay of the lag
KPIs to draw the cause-and-effect relations of the BSCmodel
reviewed so far. By deploying a proposed framework of this
paper, the cause-and-effect relations of perspectives during
the time with attention to delay of the lag KPIs between
different periods and the lead KPIs in the same period have
been created.

As shown in Figure 4, in addition to the classic rela-
tions from the “Learning and Growth” perspective to the
“Financial” perspective, there are a recursive dynamic rela-
tion from the “Financial” perspective to “Internal processes”
perspective and a circle loop relation from the “Internal
processes” perspective to the “Financial” perspective in a
period.There also are dynamic relationships as the dash lines

0

0.2

0.4

0.6

0.8

1

123456789

System efficiency
Process 1 efficiency
Process 2 efficiency

Figure 6: Efficiency score of nine refineries.

from perspectives of the first period to perspectives of the
second period. Then, considering the time delay of the lag
KPIs in different periods, the dynamic BSC and time factor
are considered.

By considering a network relation of the dynamic BSC,
the perspectives of each period and different periods have
internal and external dynamic network relations, respectively.
None of the network DEA structure reviewed so far does
not consider the network relations in the third level and the
relation of processes stages only is modeled. In the proposed
network DEA structure, these relationships are considered.

By deploying the proposed framework, the efficiencies
of each perspective and each period as well as the overall
efficiency along with strategic goals and during the time
considering delay of the lag KPIs are measured. As shown
in Figure 6, the system efficiency is a convex combination of
processes. It means that, for each DMU, the overall efficiency
(𝜃) is between the maximum and minimum of each period
efficiency (𝜃

𝑡1
, 𝜃
𝑡2
). The processes efficiency also is a convex

combination of the activities efficiency. It also means that for
each DMU, each period efficiency is between the maximum
and minimum of perspectives efficiency. These convex rela-
tions indicate accuracy of the proposed formulation.

By considering Table 10, the 7th refinery has the best effi-
ciency because of the good efficiency score in the “Financial”
and “Internal processes” perspectives in the second period.
The ninth refinery has the worth efficiency because of the bad
efficiency score in the “customer” perspective in the second
period. Similarly, for other refineries, the causes of good or
bad efficiency scores are analyzed. Then, the root causes of
these scores are cleared with attention to causal relations of
perspectives. For example, considering the dynamic BSC as
shown in Figure 3, the “Internal processes” perspective in
the first period has causal relationships with the “Customer”
perspective in the second period. Hence, the root cause of the
bad efficiency score of 9th refinery is the bad performance
of “Internal process.” After identifying inefficient units, by
considering the cause-and-effect relations of the dynamic
BSC, the root cause of the bad efficiency scores is identified.
Then, the strategic initiatives are revised to improve efficiency
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Table 10: Calculated efficiency of nine refineries of NIORDC in three levels.

System Processes Activity of period 1 Activity of period 2
𝜃 𝜃

𝑡1
𝜃
𝑡2

𝜃
13

𝜃
14

𝜃
13

𝜃
14

𝜃
21

𝜃
22

𝜃
23

𝜃
24

DMU1 0.786 0.766 0.789 0.624 1 0.553 0.727 0.7 0.762 0.705 0.879
DMU2 0.759 0.748 0.761 0.561 0.998 0.574 0.731 0.699 0.89 0.719 0.717
DMU3 0.789 0.726 0.797 1 0.628 0.565 0.78 0.683 0.976 0.721 0.76
DMU4 0.841 0.825 0.844 0.728 0.892 0.436 1 0.597 0.766 0.756 1
DMU5 0.861 0.733 0.888 0.586 1 0.414 0.756 1 1 0.625 1
DMU6 0.839 0.812 0.848 0.504 0.924 0.523 1 0.483 0.703 1 1
DMU7 0.914 0.756 0.956 0.688 1 0.496 0.72 0.642 1 0.902 1
DMU8 0.737 0.774 0.726 0.29 0.924 0.462 1 0.505 1 0.918 0.414
DMU9 0.703 0.887 0.677 0.609 0.968 1 0.94 0.621 0.897 0.331 0.703

scores. This also is a good method for making a decision on
which improvement projects should be started or revised.

4. Conclusion

In this paper, the time factor has been considered with
severance of the lead and lag KPIs for drawing the casual
relationships during the time with the fuzzy DEMATEL
model. By considering the network relations of the dynamic
BSC, a new two-stage DEA structure with three levels
has been proposed. For formulation of this structure, the
weighted average of activities efficiency (i.e., efficiency of
perspectives) in the third level has produced weights of the
processes efficiency (i.e., weights of periods) as objective
function. Then, dynamic and nondynamic variables based
on the lag and lead KPIs have been considered, respec-
tively, for the efficiency measurement. In this new objective
function, the dynamic network relations of the third level
among perspectives have been considered for measuring
the efficiency, and the weakness of ignoring these relations
have been removed. Based on the proposed framework, the
efficiency of nine subsidiary refineries of theNIORDCduring
the time and along with strategic goals has been measured.
By reporting the relationship of the dynamic BSC and these
efficiency scores to the NIORDCmanagers, the results of the
proposed framework have been confirmed and validated in
experimental space. It can be interesting to use time series
based methods (e.g., REF-II model) to predict the efficiency
score of DMUs with the data set of the last KPIs for future
research.
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