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management using a hybrid decision-making approach
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Abstract

Due to the increasing progress in various industries, paying attention to the internal processes of the
organizations is more visible to stay on the competitive scene. Therefore, many organizations attempt
to simplify and evaluate their internal processes using re-engineering. By reviewing the conducted
studies, it can be stated that one of the existing problems in the implementation of re-engineering
projects is the selection of the optimal portfolio of processes. Hence, this study aims to provide a bi-
objective mathematical model for selecting processes in the re-engineering project by considering two
key assumptions include improvement in achieving organizational goals and staff resistance. To this
end, first, the impact of processes on organizational goals is specified by experts and then the goals’
weights are obtained using a fuzzy Best Worst Method. Finally, the proposed model is solved by an
augmented e-constraint method and the optimal portfolio of processes is selected. Also, a public
Hospital of Sari as a real-world case study is employed to set the values of model parameters. Finally,
the obtained results are reported and using a sensitivity analysis, several directions are provided. The
results show that changes in the staff resistance directly affects the second objective function, while
changes in the improvement created by each process affect the first objective function. Also, changes
in costs have little effect on either objective functions.
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1. Introduction

In the past, when the environment was relatively stable, most organizations were content to
take small and gradual changes in their processes for the advantage of opportunities. But over
time, organizations have come to realize that gradual change is not the only solution to their
current problems and sometimes it is necessary to make fundamental changes in their
organization to survive. Today, these fundamental changes are known around the world as the
re-engineering process (Darmani and Hanafizadeh, 2013).
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Despite the increasing use of re-engineering of business processes by organizations to improve
their performance, statistics show that 50 to 70 percent of these projects have failed worldwide
and remained unfinished. In ministries, state-owned and semi-state-owned companies, re-
engineering has never been implemented, or if it has entered the implementation phase, only
25% of the work has been done. So, these results indicate a high risk of this process (Jafar
Tarokh et al., 2008). Besides, one of the most important and difficult steps in a re-engineering
project is to select the processes that have the most benefit for the organization (Crowe et al.,
1997).

Healthcare organizations are currently facing many challenges, such as providing effective
services, achieving strategic positions, and improving their processes (Sadeghi et al., 2017).
They have to re-engineer their processes to deal with external forces such as technological
advances, the growing needs of patients, the process of globalization, and political and
economic factors (Rabbani et al., 2016). Therefore, healthcare organizations need to improve
treatment, eliminate non-value-added tasks, reduce time and costs, and treat more patients
effectively (Musa and Othman, 2016).

In recent years, we have witnessed a lot of dissatisfaction in hospitals due to the high number
of low-income people visiting public hospitals in the country. At a public Hospital in Sari, there
are also problems such as lack of facilities, prolonged treatment and discharge, increased costs,
and ultimately patient dissatisfaction. Therefore, this research can be useful for hospital
management to improve the performance of the organization by re-engineering the processes,
reviewing, modifying, or eliminating existing processes. By conducting this research,
processes are selected for re-engineering which has the greatest advantage for the organization,
and hospital management can achieve better services and save time and cost. Therefore, this
study seeks to offer a bi-objective model for choosing processes in the re-engineering project
by seeing two important assumptions contain improvement in achieving organizational goals
and staff resistance. At first, the impact of processes on organizational goals is identified by
experts and then weights of goals are gotten by a fuzzy Best Worst Method. As a final point,
the suggested model is solved using the augmented e-constraint method and the optimal
portfolio of processes is nominated. Finally, the obtained results are reported and using a
sensitivity analysis, several directions are delivered.

Therefore, the goals and importance of this research along with its contributions are discussed
follows. An important goal of this research is to find an optimal portfolio for healthcare
processes management using a hybrid decision-making approach. The proposed framework is
used for choosing processes in the re-engineering project by seeing two important assumptions
that contain improvement in achieving organizational goals and staff resistance. On the other
hand, this study is of great importance due to the lack of a suitable framework for the re-
engineering of hospital processes. Based on the research gaps of this area that reviewed in the
next section, it is clear that some vital assumptions such as prerequisite of processes, staff
resistance, and selecting an optimal portfolio of processes are neglected in the literature and
this study attempts to cover these gaps.

Other sections of the paper are organized as follows. Section 2 provides a brief review of done
works in this field and finally, the novelties are highlighted based on the research gaps. Also,
the descriptions of the problem, proposed framework, used solution methods, and model
formulation are presented in section 3. Also, the value of parameters and case study are reported
in section 4. Besides, section 5 represents the computational results includes results and
discussion and sensitivity analysis. Finally, the conclusion and several directions for future
researches are provided in section 6.
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2. Literature review

This section tries to review the related works of determining the optimal portfolio in the re-
engineering process and finally, the novelties are highlighted based on the research gaps.
Business re-engineering processes is an operation in which the current tasks of the organization
are replaced by the main processes of the business, and therefore, the organization moves from
a task-oriented to a process-oriented procedure. This speeds up the business process, reduces
costs, and making the organization more competitive. Knowing the benefits and features of re-
engineering can be very effective for the organization (AbdEllatif et al., 2018). The idea of
process re-engineering is to make businesses more efficient and effective, more flexible, and
more responsive to organizations’ Stakeholders. The BPR movement was formed with the
public publication of an article in 1990. In this article, Davenport and Short (1990) stated that
re-designing the process and using IT can transform organizations and optimize business
processes significantly. They defined business re-engineering processes as “analyzing and
designing workflows and processes within and between organizations” and called the
combination of IT and business redesign in this way a new industry engineering. Their five-
step methodology for business re-engineering processes was defined as Figure 1.

Determining
business
perspectives and
process goals

Implementing a Process
trial version detection
Identifying the Assessing
role of IT current processes

Figure 1. The five-step methodology of business re-engineering processes (Davenport and Short, 1990)

Kettinger and Teng (1998) also published another study that looked at successful business re-
engineering processes projects in 1998. From their point of view, it was necessary to examine
the two perspectives of workflow processes and organizational culture in re-engineering
business processes. They concluded that the fundamental nature of change in organizations
(changes in all seven perspectives) was directly related to the success of projects. By examining
the results of the implementing previous method, they eliminated its weaknesses and corrected
the business re-engineering processes steps as follows: 1) Process evaluation, 2) Process
change, 3) Social and technical design, 4) Development of process perspective, 5) Analyzing
the existing process, 6) Project preparation and 7) Identifying re-engineering opportunities.
From this research, it can be concluded that processes and technical design are not the factors
of business re-engineering processes success, while social design (promoting culture),
implementation process change, and ability to evaluate the re-engineering process are the
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factors affecting successful business re-engineering process implementation. Management of
changes and the human implement section are more important than the solutions.

As one of the pioneer studies in the re-engineering process, Crowe et al. (1997) attempt to
select a business process strategically for the re-engineering project. The study aims to be a
starting point for the re-engineering project and surveys to help decision-makers to determine
their strategic macro goals and evaluate how business processes are conducted within the
organization. The information obtained is an input for a chart-based system that shows which
processes need to be reconstructed. In another study, Kwak and Lee (2002) implemented re-
engineering in healthcare systems that used multi-criteria mathematical planning include the
analytic hierarchy process and goal programming for analyzing their proposed framework.
They used the proposed framework to design and effectively plan the re-engineering of
processes in the United States healthcare system.

In a study, Hanafizadeh and Osouli (2011) selected the re-engineering process by measuring
the degree of change, some of which lead to high resistance and ultimately project failure. They
used scenario-based analysis to choose the optimal portfolio in a consulting engineering
company. Following this study, Darmani and Hanafizadeh (2013) provided a model to identify
the best portfolio for re-engineering processes using a new methodology that integrated the
concept of portfolio selection and re-engineering project by placing additional risk constraints
and increasing their rate of return. They used TOPSIS and MATLAB approaches to solve the
framework for a metallurgical laboratory in Iran. Musa and Othman (2016) reviewed the
literature on re-engineering business processes in healthcare. They analyzed the articles until
2014 from the perspective of re-engineering methods and approaches and assessed the level of
re-engineering development of processes in healthcare organizations. They work found the
related research gaps and it can be useful for researchers of this field. Hakim et al. (2016) also
presented a mathematical model for selecting processes in the re-engineering problem under
the fuzzy theory. They help to choose the right processes for re-engineering by considering
maximum satisfaction, time, and cost. They used a hybrid approach consist of quality function
deployment and goal programming to evaluate the proposed problem.

Bhaskar (2018) researched business re-engineering as a tool for managing production, arguing
that when processes become old and inefficient, they cannot deliver the desired results, so they
need to be redesigned and replaced. In this research, a series of production processes and a
framework for modeling are presented and it is confirmed that a business re-engineering
process is a management tool that can change or replace inefficient processes. Onjure et al.
(2018) conducted a study investigating the impact of the business re-engineering process on e-
commerce strategy by Kenya's commercial banks, which faced with survival challenges due to
competitive pressure. Re-engineering business processes are used to deal with banking
challenges, minimize operating costs, outsourcing, and investment. This research had been
done through information management analysis, project management, and the excellence
process. The results show a significant and positive impact and relationship in different
directions. This study recommends that banks change their strategic approach to business
analysis.

Here, several related papers are reviewed in Table 1 to find researches gaps. To this end, these
researches are compared with the current study in terms of several key assumptions such as
prerequisite of processes, staff resistance, processes improvement, budget constraint, selecting
an optimal portfolio of processes, processes executed time, changing costs of processes, and
the used solution approaches.
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Table 1. Reviewing related papers to find researches gaps

Processes assumptions
€| 8
8l | | 8| «| & _ _
Reference 8 § S| 2 5| E § Solution approaches Field
| 2| E| gl 2| X| o
3| 8| | 2| =] B £
Sl =l 2l gl gl 5|2
I
il Bl E|l @] o] di| S
(Crowe et al., 1997) * * Chart-based system Business
(Kwak and Lee, 2002) x| * * | * | Analytic hierarchy process and | Healthcare
goal programming
(Borgianni et al., 2010) * | * * | * | Kano model Footwear sector
(Leeetal., 2011) * | * * Scenario-based analysis Business
(Hanafizadeh and Osouli, * * * | Scenario-based analysis Consulting
2011) company
(Ostadi et al., 2011) * * | * | Practical measurement method Business
(Bertolini et al., 2011) * * | * | What-if analysis and Delphi | Healthcare
methodology
(Bevilacqua et al., 2012) * | * * | * | IDEFQ Technigue Municipality
(Darmani and Hanafizadeh, * * * | TOPSIS and MATLAB Metallurgical
2013) laboratory
(Nicholds and Mo, 2015) * * | Decision Support Tool Business
(Hakim et al., 2016) * * | Goal programming and QFD Business
(Bhaskar, 2018) * * | Critical literature analysis Business
(Onjure et al., 2018) * * | Statistical approach Commercial
banks
(Zomparelli et al., 2018) * | * * | * | Analytic hierarchy process Business
(Lotlikar et al., 2018) * * Statistical approach Healthcare
(Dachyar and  Sanjiwo, x| * Scenario-based analysis and | Oil and
2018) IDEFQ Technique Gas
(Song et al., 2019) * | * * | Multi-criteria decision making Urban project
(Greenfield et al., 2019) * 1 * * | Measurement of quality Healthcare
(Tavana et al., 2019) R i * | Fuzzy inference system and | Urban project
analytic hierarchy process
This study ol x x| | * | * | * | Augmented e-constraint and | Healthcare
fuzzy best worst method

Based on this table, it can be shown that several key assumptions such as prerequisite of
processes, staff resistance, and selecting an optimal portfolio of processes are neglected in the
literature and this study attempts to cover these gaps. For instance, the prerequisite of processes
is not reported in these studies, staff resistance only reported in one of these researches, and
selecting an optimal portfolio of processes is considered in only four researches. Therefore, the
important goal of this research is to discover an optimal portfolio for healthcare processes
management considering these vital assumptions using a hybrid decision-making approach. On
the other hand, this study is of great importance due to the lack of a suitable framework for the
re-engineering of hospital processes.

The study also used a combined multi-criteria decision-making methodology that has the
following advantages. In the first phase, the best-worst method is used, which is a formula for
calculating the discrepancy rate to check the validity of comparisons. This method has several
outstanding features compared to other multi-criteria decision-making methods (Rezaei, 2015).
For example, it requires less comparative data and it leads to more stable comparisons and
provides more reliable answers (Rezaei et al., 2016). On the other hand, the use of fuzzy
numbers brings the problem closer to the real world (Arabsheybani et al., 2018). In the second
phase also the augmented version of the e-constraint method has been used that covers the
weaknesses of the original version of this method and has a relative advantage over its
counterpart methods (Gholami et al., 2019; Roghanian and Cheraghalipour, 2019).
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3. Problem description

In this research, we seek to provide a tool for evaluating the readiness of organizations to re-
engineer their organizational processes using identified criteria. To this end, a hybrid
framework consists of a multi-criteria decision-making (MCDM) method, and a bi-objective
mathematical model is designed. In this way, after collecting the criteria and goals of the
organization from the experts' opinions and research background, the values of some of the
parameters used in the mathematical model are determined using the MCDM method. Then,
the proposed bi-objective model can be solved and the obtained results are reported. The main
steps of the proposed hybrid framework are illustrated in Figure 2.

Identifying criteria and goals | Via experts’ opinions and
of the organization "l research background

@ »| Using a fuzzy MCDM method

Determining values of some
model key parameters

_ Utilizing an augmented e-
constraint method

<i

Solving the proposed bi-
objective model

~>

Reporting obtained results and
performing the sensitivity
analysis

Figure 2. lllustration of the proposed hybrid framework

Finally, to explain the mechanism of this proposed framework, the following sub-sections
describe each step separately.

3.1. Identifying the criteria and goals of the organization

In this section, we present and describe the proposed processes and goals among the existing
goals and processes of a nominated Hospital in Sari to evaluate and prioritize them for re-
engineering. Using experts' opinions and consultation with hospital members, four objectives
were identified as reported in Table 2, including reducing patients' residence time, reducing
hospital total costs, updating hospital processes, and increasing the quality of providing
services. Moreover, twelve activities such as emergency unit processes, clinic processes,
admission processes, assistance and discharge processes, along with others are considered to
evaluate the proposed framework. More information about these activities is provided in Table
3.

Table 2. The main identified goals of the nominated Hospital

Index Organization’s goal

01 Reducing patients' residence time

02 Reducing hospital total costs

O3 Updating hospital processes

O4 Increasing the quality of providing services
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Table 3. The main identified criteria of the nominated Hospital

Index | Activity name Index | Activity name

AL Emergency unit processes Ar Endoscopic processes

Az Clinic processes As Pathological processes

As Admission processes Ag Electroencephalogram processes
A4 wards processes A1 Laboratory processes

As Operating room processes A Orthopedic processes

As Assistance and discharge processes | A1z Medical imaging processes

3.2. The fuzzy best-worst method

Fuzzy numbers can represent ambiguous parameters and quantities of mathematical models in
engineering problems (Babaee Tirkolaee et al., 2020). These numbers represent the
uncertainties in determining these parameters in their forms (Zadeh, 1965). Triangular fuzzy
numbers are mainly used to solve engineering problems because of their linearity and simple
computation. The (ai, am, au) represents a simple example of a triangular fuzzy number. The
triangular fuzzy number A with membership function ua(x) on the space R is defined as the
relation (1) and is also shown in Figure 3.

X — a1
— a1 <x<ay
ay — a
A = X) = X — az 1
pa(x) =4 X — a2 Jay < x <a, 1)
ay — a;
0 others
a
(an l)
1 .
\\
\
Al > \‘\k Ar
\\
N
AN
\\
0 > x
@ yy a,

Figure 3. lllustration of the triangular fuzzy number A

Besides, the best worst method (BWM) was suggested by (Rezaei, 2015) and the fuzzy version
of this method was presented by (Tian et al., 2018). This method was used in various studies
such as (Cheraghalipour et al., 2018; Cheraghalipour and Farsad, 2018). In this method, the
best and worst criteria are identified by the decision-maker and the pairwise comparison is
performed between these two criteria and other criteria. More information about this used
method is presented in (Tian et al., 2018), and here only the final model (2) is presented.

Min i (2)
(wp, wg, w§)

(@ o wt) (abu afy agi) < Y
l l l
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l m u
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Where, (a'iw, aMw, a%iw) is a fuzzy priority of index i over the worst index. Also, (a'si, a"si, a'i)
is a fuzzy priority of best index over the index i. Furthermore, (', ©™, ") and wi represent
the fuzzy weight and defuzzy weight of index i, respectively. Also, the expert used the
following fuzzy numbers to judge processes (see Table 4).

Table 4. The main fuzzy numbers used for judging processes

Preferences Relatively Not Almost Important | Very Quite

equal important important important important
Fuzzy (1,1,2) (0.67,115) | (152,2.5) (2.5,3,3.5) | (3.5,4,4.5) (4.5,5,5.5)
numbers

3.3. Augmented g-constraint method

In this section, a brief explanation of the augmented e-constraint method is presented and more
information about it is existed in (Mavrotas, 2009). This method is applied to deal with the
proposed problem with two objective functions. The main structure of augmented e-constraint
is described follows. This method converts a multi-objective problem to a single objective
problem and other objective functions are transferred to the constraints (Paydar et al., 2017).
So, the first objective function is nominated as a single objective of this model, and the second
one is transferred to the limitations. In this method, we need the optimal value of each objective
function that can be obtained by solving the problem as a single objective problem. Then the
following model (3) can be presented. Where, rp= " — f,™" and [f,™®, f,™"] are the ideal and
non-ideal values of objective function p, respectively.

S S S 3
MaX:fl(x)+gx<_2+_3+...+_p> ©)
¥ 3 T'p
fo(x) =e; +5,

f3(x) =e5 + 53

fo(x) =e, +s,
x €X,s; ER*

Furthermore, the following equation is used to achieve g; Pareto solutions and ¢ is assumed a
small number between [103, 10°%]. Finally, based on the obtained g; Pareto solutions, a Pareto
front can be achieved (see equation (4)). For more information about this method, the readers
are advised to see the following studies (Babaee Tirkolaee et al., 2019; Hosseini, 2019).
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r.
el = [ =Xk k=014, (4)
l

3.4. Model formulation

In this model, processes are re-engineered to create maximum value for the organization and
minimize employee resistance. For this purpose, the index j is considered for re-engineering
various hospital activities. Also, the organization has n main qualitative goals and the model
calculations are performed over t periods.
Sets:

J Set of hospital activities (j=1, 2, ..., J)

T Set of time periods (t=1, 2, ..., T)

N Set of the main qualitative goals (n=1, 2, ..., N)

Parameters:
Pj  The amount of improvement created by activity j
on  The weight of the organization’s n'™ goal obtained by fuzzy BWM
Jin  The impact of the activity j on the realization of the organization’s n'" goal
V;  The amount of staff resistance to change activity j
Cj  The cost of changing the activity j
B The budget intended to improve activities
dj the time needed to execute the activity j
Q The maximum number of activities that can be selected

Decision variables:
Xjt A binary decision variable which takes the value of 1 if the activity j is started in time
t, and otherwise it takes the value of 0.

Based on the above-mentioned properties, the proposed bi-objective mathematical model can
be formulated as below that attempts to find the optimal portfolio for healthcare processes
management.

Objective functions:

T-1 J (5)
Obj, = Maxz Z P; X Xj;
t=1 j=1
T-1 J (6)
Obj, = Min > "V, x X;
t=1 j=1
Subject to:
)
Z Xjp<1 Vje]
t=1
T-1 J (8)
2 C; XXt <B
t=1 j=1
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T-1 J ©)
Zth <0Q
t=1j=1
T-1 (10)
(t+d)xX;, <T VjiE]
t=1
T-1 T (11)
(t+dj)><thSthXit Vj,i €] &jisprerequisite of i
t=1 t=1
J (12)
Pj:anXAjn VneN
j=1
X €{0,1} VjeEJ&tET (13)

The objective function (5) tries to maximize the amount of improvement per activity if the
activity can be started in a specific period. Also, the second objective function (6) minimize
staff resistance for implementation of hospital re-engineering project. The first limitation (7)
shows that each activity can be selected only once in different periods. The constraint (8)
indicates that the cost of implementing re-engineering does not exceed a certain amount or the
set budget. The constraint (9) specifies a limitation in the number of activities that can be re-
engineered due to staff resistance. The limitation (10) relates to the length of the re-engineering
based on the volume of activities. The constraint (11) is related to prerequisite activities. The
constraint (12) shows that the amount of improvement created by each activity is obtained by
multiplying the goals weight of the organization and the impact of the activities on the
realization of these goals. Finally, the last constraint (13) indicates that the decision variables
are binary.

4. Case study

In this study, a case study is proposed to validate the proposed model and framework. For this
purpose, one of the public hospitals in Sari city located in Mazandaran province has been
selected to collect information for the parameters of the mathematical model and the goals and
processes used in the fuzzy best-worst method. In section (3.1), the goals and processes used
in the fuzzy best worst method are identified, and here the other parameters of the proposed
mathematical model are evaluated.

In the proposed mathematical model, those processes are selected for re-engineering which
creates the maximum value for the hospital. To this end, values such as the amount of
improvement created by each process (P;), the weight of each goal of the hospital (wn), the
amount of staff resistance to change processes (Vj), the cost of the process change (Cj), the
budget for improving processes (B), the time required to execute processes (d;), the total time
to improve processes (T), and the maximum number of selected processes (Q) must be set as
model parameters. These values were determined by the opinions of experts and in consultation
with hospital members and are presented in Tables 5 to 6.
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Table 5. The values of Cj (million rials), dj (month), and V; (%) along with processes information

Process Process name Proposed process for Prerequisite | Vj Ci d

# re-engineering

1 Emergency unit processes Add a few new ambulances - 0.03 | 5000 |5

2 Clinic processes Add a general practitioner and two beds | 1 0.04 |4800 | 4

3 Admission processes Improving admission efficiency using | 2 0.06 | 5750 | 3
the POS device instead of receiving
cash

4 wards processes Improve clinical procedures and add a | 2,3 0.09 | 6250 | 4
few experienced nurses

5 Operating room processes Accelerate the receipt of equipment | 2 0.03 | 7500 | 8
from CSR

6 Assistance and discharge Assistance  to  disabled patients | 3 0.025 | 3450 | 3

processes financially and faster discharge of the

dead

7 Endoscopic processes Establish a new system 2 0.10 | 5140 | 5

8 Pathological processes Establish a new system 2 0.05 | 6570 | 3

9 Electroencephalogram Accelerate response to emergency | 2 0.07 | 7800 | 4

processes patients

10 Laboratory processes Improving acceptance efficiency and | 2 0.03 | 8500 | 7
accelerating accountability

11 Orthopedic processes Adding experienced staff to more | 2 0.06 | 5600 | 6
responding to patients

12 Medical imaging processes Establish a new system 2 0.05 | 4500 |5

As it is known, the values of some parameters are presented in Table 5 according to the opinions
of experts, and the values of Q, T, and B are assumed with 10 processes, 24 months, and 80
billion rials, respectively. Also, the values of the impact of processes on goal achievement (4jn)
are presented in Table 6 and the weight of hospital goals (wn) is obtained by the fuzzy best
worst method, which ultimately the amount of improvement created by each process (P;) can
be obtained using equation (13).

Table 6. Values of process impact in achieving goals (4jn)

Goals

Process # 1 2 3 7

1 0.40 0.25 0.09 0.37
2 0.30 0.15 0.15 0.45
3 0.35 0.17 0.14 0.50
4 0.20 0.25 0.25 0.46
5 0.20 0.30 0.25 0.68
6 0.35 0.14 0.14 0.25
7 0.08 0.06 0.16 0.37
8 0.08 0.10 0.24 0.45
9 0.12 0.19 0.35 0.65
10 0.10 0.25 0.30 0.45
11 0.15 0.20 0.27 0.38
12 0.18 0.30 0.15 0.52

5. Computational results

In this section, after setting the parameters and specifying the processes and goals, the obtained
results are reported. To do this, first, the fuzzy best-worst method is used to determine the
weight of each of the hospital goals (wn) and then the amount of improvement created by each
process (Pj) can be obtained using equation (13). Finally, using the parameters of the previous
section, and the obtained values of Pj, the proposed bi-objective mathematical model is solved
using the augmented e-constraint method. It should be noted that Lingo software is used to
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solve the fuzzy best worst method and augmented e-constraint model. Also, all these
calculations have been performed on a personal computer with the following configuration.

Processor: Intel (R) Core (TM) i5-5200U CPU @ 2.20 GHz 2.20 GHz

RAM: 4.00 GB

System type: 64-bit Operating System

Operating system: Windows 10 Pro.

5.1. Results and discussion

At first, the fuzzy best-worst method should be performed to conclude the weight of the
hospital goals (wn) and the amount of improvement created by each process (P;j). The hospital
intends to find the weight of each of the existing goals (wn) include reducing patients' residence
time (O1), reducing hospital total costs (O2), updating hospital processes (Os), and increasing
the quality of providing services (O4) using the fuzzy best-worst method. According to the
second step of this method, the experts chose reducing hospital total costs (O2) as the best index
and updating hospital processes (O3) as the worst index. In the next step, the values of fuzzy
verbal comparisons by one of the decision-makers is offered for fuzzy preferences of the best
index compared to all other indices (see Table 7). Likewise, the values of fuzzy verbal
comparisons by one of the decision-makers is offered for fuzzy preferences of all indices

compared to the worst index (see Table 8).

Table 7. Fuzzy verbal comparisons of the best index compared to all other indices

Best index

Other indices

O

02

O3

O4

02

(0.67,1,1.5)

(1,1,1)

(3.5,4,45)

(1.5,2,2.5)

Table 8. Fuzzy verbal comparisons of the all indices compared to worst index

Other indices

Worst index (O3)

01 (2.5,3,3.5)
0, (3.5,4,4.5)
O3 1,11

Os (1.5,2,2.5)

Then, according to the above analysis, to obtain the optimal fuzzy weight of all indices, the
following nonlinear optimization problem with the mentioned limitations can be made using

the equation (2).
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Min ¢
(1, —0.67u; <Y Xy [, —0.67u; = -y Xuy
m,—my <Y XxXm m, —m; = —9 Xmy
u, — 1.5 <y xl, u, — 1.5, = -y x|
l, —3.5u; <Y Xus I, —3.5u3; =2 -y Xuz
my; —4m; <Y X mgy m, —4ms = —p X my
u, —4.50; <Y xl; u, —4.50; = -y X1
I, —1.5u, <Y Xuy I, —1.5u, = =Y Xuy,
m, —2my <P Xmy m, —2my = — X m,
U, — 2.5, <Y xl, u, — 2.5, =2 -y xl,

s.t.X 3 —2.5u; <Y Xuy Iy —2.5u; = - X us
my; —3mg <P Xmy my; —3mz = =Y X m;
u, —35L <Y xl; u, — 352 -y X3
ly —1.5u; <Y Xug ly —1.5u3 = -y X uz
my —2m; <P Xmy my — 2msz = = X my
u, —2.501; <Y x U, — 2.5l =2 -y Xl
lLism; <y lhbsm,<u,
ls <mz <uj lysmy <uy
l,=01,>0,13=20,1,=0
\ Y=0
L +4my +uy) (L +4my+uy) (3 +4mg+us) (I +4my +uy)

6 * 6 * 6 * 6 =1

By solving the equation (14), the optimal weights of the four goals (O1, Oz, Os, and Oa) are
calculated. Based on the results, v is equal to 0.2145, and the optimal fuzzy weights and
defuzzy weights of the four goals are illustrated in Table 9. It should be noted that the defuzzy
weights are obtained using the averages of fuzzy weights.

Table 9. The optimal fuzzy and defuzzy weights of the hospital’s goals

Goal # @, o,

1 (0.2568, 0.3202, 0.3816) 0.3199
2 (0.3375, 0.3889, 0.4403) 0.3889
3 (0.1027, 0.1027, 0.1027) 0.1027
4 (0.1622, 0.1834, 0.2348) 0.1884

Finally, the amount of improvement created by each process (Pj) can be obtained using
equation (12) that these values are presented in Table 10.

Table 10. The amount of improvement created by each process (Pj)

Process# | 1 2 3 4 5 6 7 8 9 10 11 12
Pj 0.304 | 0.255 | 0.287 | 0.274 | 0.334 | 0.228 | 0.135 | 0.174 | 0.271 | 0.245 | 0.225 | 0.288

After evaluating the model parameters and obtaining P;j values using the fuzzy best worst
method, it is time to solve the proposed bi-objective model using the augmented e-constraint
method. Since the proposed model has two objective functions, if an obtained solution is not
dominated by other solutions in terms of both objectives, it is a Pareto solution. The
computational time of the model by augmented e-constraint method on Lingo software is
926.24 seconds, and 7 Pareto solutions are generated. These Pareto solutions are presented in
Figure 4 and Table 11.
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Table 11. The generated Pareto solutions by the augmented e-constraint method

Solution # Objz Obj2
1 1.92075 0.42587
2 2.26656 0.43325
3 2.47850 0.44236
4 2.68572 0.45324
5 2.7094 0.4850
6 2.75435 0.49235
7 2.81069 0.51752
0.52 ®
0.51
0.5
0.49
0.48
=
8 0.47
0.46
0.45
0.44
0.43
0.42
1.8 2.2 2.4 2.6 2.8
Obj,

Figure 4. The obtained Pareto front by the augmented &-constraint method

Since we do not have one solution in multi-objective models and there are several Pareto
solutions, so the selection of one solution from Pareto front is done by the managers of the
organization and experts. Therefore, solution number five from Table 11 is selected as the
proper solution for this organization. This selected solution is bold in Table 11 and has a
different color in Figure 4. Finally, the variables values for this nominated Pareto solution
(solution number five) are presented in Table 12. As is shown, this table contains values of X
(j, t) per various j and t along with values of two objective functions. The values of X (j, t)
indicate which processes have been selected and when they start in a period. Simply put, it

shows the optimal portfolio of hospital processes improvement using re-engineering.
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Table 12. The variables values for this nominated Pareto solution (solution number five)

Variable | Value | Variable | Value | Variable | Value | Variable | Value | Variable | Value | Variable | Value
0OBJ1 2.709 | X(2,23) 0 X(4,23) 0 X(6,23) 0 X(8,23) 0 X(10,23) | O
0BJ2 0.485 | X(2,24) 0 X(4,24) 0 X(6,24) 0 X(8,24) 0 X(10,24) | O
X(1,1) 1 X(3,1) 0 X(5,1) 0 X(7.1) 0 X(9,1) 0 X111 Jo
X(1,2) 0 X(3,2) 0 X(5,2) 0 X(7,2) 0 X(9,2) 0 X112 |o
X(1,3) 0 X(3,3) 0 X(5,3) 0 X(7,3) 0 X(9,3) 0 X(113) |0
X(1,4) 0 X(3,4) 0 X(5,4) 0 X(7,4) 0 X(9,4) 0 X(114) |0
X(1,5) 0 X(3,5) 0 X(5,5) 0 X(7,5) 0 X(9,5) 0 X(115) |0
X(1,6) 0 X(3,6) 0 X(5,6) 0 X(7.6) 0 X(9,6) 0 X116 |0
X(1,7) 0 X(3,7) 0 X(5,7) 0 X(7.7) 0 X(9,7) 0 X117 |o
X(1,8) 0 X(3,8) 0 X(5,8) 0 X(7,8) 0 X(9,8) 0 X118 |0
X(1,9) 0 X(3,9) 0 X(5,9) 0 X(7,9) 0 X(9,9) 0 X(11,9) 0
X(1,10) |0 X(3,10) |0 X(5,10) | 0 X(7,10) |0 X(9,10) |0 X(11,10) | 0
X111 Jo X3B11) |o X511 |0 X711 Jo X911 [1 X(11,11) [ o
X112 |o X3B12) |0 X512 |0 X712 |0 X912 [0 X(11,12) [ 0
X113 |o X(313) [0 X(5,13) |1 X713 |0 X913 [0 X(11,13) | 0
X(1,14) | o X(3,14) |0 X(5,14) |0 X(714) |0 X(9,14) |0 X(11,14) | 0
X115 |0 X315 |0 X515 |0 X715 |0 X915 [0 X(11,15) [ 0
X(1,16) |0 X(3,16) [0 X(516) |0 X(716) |0 X(9,16) [0 X(11,16) [ 0
X117) |0 X317 [ 1 XG517) |0 X717) |0 X©9,17) [0 X(11,17) [ o
X(1,18) |0 X(3,18) |0 X(5,18) | 0 X(7,18) | 0 X(9,18) |0 X(11,18) | 1
X(1,19) |0 X(3,19) |0 X(5,19) |0 X(719) |0 X(9,19) |0 X(11,19) | 0
X(1,20) 0 X(3,20) 0 X(5,20) 0 X(7,20) 0 X(9,20) 0 X(11,20) | 0
X121 |0 X@321) [0 X521 |0 X721 |0 X©9,21) [0 X121 [0
X122 |0 X322 [0 X522 |0 X722 |0 X(9,22) [0 X(11,22) [ 0
X(1,23) 0 X(3,23) 0 X(5,23) 0 X(7,23) 0 X(9,23) 0 X(11,23) | O
X(124) |0 X(3,24) |0 X(5,24) |0 X(724) |0 X(9,24) |0 X(11,24) | 0
X(2,1) 0 X(4,1) 0 X(6,1) 0 X(8,1) 0 X101 [0 X121 |o
X(2,2) 0 X(4,2) 0 X(6,2) 0 X(8,2) 0 X(10,2) [0 X(122) |o
X(2,3) 0 X(4,3) 0 X(6,3) 0 X(8,3) 0 X(10,3) 0 X(12,3) 0
X(2,4) 0 X(4,4) 0 X(6,4) 0 X(8,4) 0 X(104) |0 X(12,4) |0
X(2,5) 0 X(4,5) 0 X(6,5) 0 X(8,5) 0 X(105) [0 X125 |0
X(2,6) 1 X(4,6) 0 X(6,6) 0 X(8,6) 0 X(106) [0 X(126) |0
X(2,7) 0 X(4,7) 0 X(6,7) 0 X(8,7) 0 X(10,79) [0 X127 |o
X(2,8) 0 X(4,8) 0 X(6,8) 0 X(8,8) 0 X(10,8) 0 X(12,8) 0
X(2,9) 0 X(4,9) 0 X(6,9) 0 X(8,9) 0 X(109) [0 X129 |o
X210 |0 X410 [0 X(6,10) |0 X@®10) |0 X(10,10) [ 0 X(12,10) [ 0
X211 |o X@411) o X611 |0 X@®11) |o X(10,11) [ 0 X(1211) |0
X212 |0 X(4,12) [0 X612 |0 X@®12) |0 X(10,12) [ 1 X(12,12) [ 0
X213 |0 X(4,13) [0 X®6,13) |0 X@®13) |0 X(10,13) [ 0 X(12,13) | 0
X214 |o X414 o X®6,14) |0 X@®14) |o X(10,14) [0 X(1214) | 0
X215 |0 X415 |0 X615 |0 X@®15 |0 X(10,15) [ 0 X(12,15) | 1
X(2,16) |0 X(4,16) [0 X(6,16) |0 X(@8,16) |0 X(10,16) | 0 X(12,16) | 0
X217) |0 X(417) [0 X®6,17) |0 X@®17) |0 X(10,17) [ 0 X(1217) |0
X218 |0 X(4,18) [0 X(6,18) |0 X@®18) |0 X(10,18) [ 0 X(12,18) | 0
X219 |0 X419 [0 X619 |0 X@®19 |0 X(10,19) [ 0 X(12,19) [ 0
X220 |0 X420 |1 X(6,20) |0 X820 |0 X(10,20) [ 0 X(12,20) [ 0
X221 |0 X(4,21) [0 X(6,21) |1 X@21) |0 X(10,21) [ 0 X(12,21) | 0
X222 |0 X(4,22) [0 X(6,22) |0 X822 |0 X(10,22) [ 0 X(12,22) [ 0

Based on the results of Table 12, the start times of nominated activities are clear. In other
words, 10 activities include emergency unit processes, clinic processes, admission processes,
and discharge processes,
electroencephalogram processes, laboratory processes, orthopedic processes, and medical
imaging processes have been selected and their starting point is the 1%, 6", 171, 20t", 13t 21t
11, 12t 18™ and 15™ months, respectively. So, by using the values of djand prerequisite
activities, the related Gantt chart can be illustrated in Figure 5. This figure shows the start times,
the times required to complete the re-engineering, and the prerequisites for the activities. So,

wards processes,

operating

room processes,

assistance,
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in this optimal portfolio, the values of the first and second objective functions are 2.7094 and
0.4850, respectively.

Time periods (month)
Activity | 1 [2[3J4[s]e6 [7[8JoJwoJuJn]JaJisJie]17[18]19J20]21[22]23]24

|

0|~ || W |

Figure 5. The related Gantt chart of the optimal portfolio for healthcare processes management (Q=10)

Besides, if the maximum number of activities that can be selected (Q) be equal to 12, the
following portfolio and scheduling can be achieved. Similarly, its related Gantt chart can be
illustrated in Figure 6. This figure shows also the start times, the times required to complete
the re-engineering and the prerequisites for all activities. So, in this optimal portfolio, the values
of the first and second objective functions are 3.020 and 0.6350, respectively.

Time periods (month)

Activity | 1 |2 [ 3| 4]5]6 [ 78] 9] 1011 121314151617 181920 [21 [22 ] 23 [ 24

o

Ll Lol L
ooy foi =g -0 U B0 =N (0 Y () () B
k)

ot

Figure 6. The related Gantt chart of the optimal portfolio for healthcare processes management (Q=12)

5.2. Sensitivity analysis

After solving the proposed bi-objective model using the augmented e-constraint method, seven
Pareto solutions were generated, and the solution number 5 was selected by the experts as an
acceptable solution for their organization. In this section, to further evaluate the mathematical
model and the proposed hybrid framework, the sensitivity analysis has been performed on
several cases that comparisons and results of this analysis can be used by hospital managers.
In these cases, some values such as the staff resistance to change processes (Vj), the cost of
changing processes (C;), and the amount of improvement created by changing processes (Pj)
are changed to determine its effect on model resolution. The specifications of these cases are
presented in Table 13.
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Table 13. Results of sensitivity analysis by augmented g-constraint for solution number five

Case | Parameters for sensitivity analysis Objective value Changes compared to standard mode
# Vi Ci Pj Obj1 Obj2 Obj1 Objz

1 - - - 2.7094 | 0.4850 | - -

2 20% increase 20% decrease 20% decrease 2.2027 | 0.5883 | 18.7% decrease 21.3% increase
3 20% decrease 20% increase - 2.6742 | 0.3817 | 1.3% decrease 21.3% decrease
4 30% increase - 20% increase 3.2513 | 0.6305 | 20% increase 30% increase

5 - 20% increase 20% decrease 2.1323 | 0.4787 | 21.3% decrease 1.3% decrease

6 20% decrease 20% increase 20% increase 3.2865 | 0.3943 | 21.3% increase 18.7% decrease

It should be noted that to determine these changes correctly, all these changes in the model
have been solved only for solution number five of Table 11 compared to the standard mode.
According to this sensitivity analysis, it is clear that the rate of the changes of V; directly affects
the second objective function, while the rate of the changes of P; affects the first objective
function of the proposed model. But changes in C; have little effect on either objective
functions, so reducing it reduces both objective functions. For better realizing the reaction of
the standard solution versus case changes of sensitivity analysis, Figure 7 is illustrated.

0.7
0.65 (3.2513, 0.6305)
(2.2027,0.5883) of
0.6 P
«~ 0.55
= (2.7094, 0.485)
(@) 05 (2.1323, 0.4787)
(]
0.45
(3.2865, 0.3943)
0.4
(]
0.35 (2.6742,0.3817)
2 2.2 2.4 2.6 2.8 3 3.2 3.4
Obj,
®>» 1vs?2 1vs3 @ 1vs4 O>1vs5 —> 1vs6

Figure 7. The reaction of the standard solution versus cases changes of sensitivity analysis

As shown in this figure, the standard solution (solution number five of Table 11) is located in
the center of the chart and is distinguished by red color and its objectives values are (2.7094,
0.4850). Moreover, other points of this chart show the changes in the standard solution per
various cases of Table 13. In this figure when used 1 vs k, it represents the changes in standard
solution case number 1 per case number k. For instance, 1 vs 3 represents the changes in
standard solution case number 1 per case number 3. Moreover, based on the results of Table
13, the difference in the standard value of both objective functions versus case changes can be
observed. To better demonstrate these behaviors two line charts are illustrated. Figure 8 shows
the difference in the standard value of obj: versus case changes and likewise, Figure 9 shows
the difference in the standard value of obj2 versus case changes.
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—@— Value of Obj1 per several case =~ ====- Standard value of Obj1
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Figure 8. The difference in the standard value of obj: versus case changes

—@— Value of Obj2 per several case =~ ===-- Standard value of Obj2

0.6305

Objective value

Case #

Figure 9. The difference in the standard value of objz versus case changes

In line with these figures, it is observed that the changes of V; directly affects the second
objective, while the changes of Pj affects the first objective. But changes in Cj have little effect
on either objective functions. Therefore, based on these observations, three critical parameters
are found and the managers of the organization can be able to make a proper decision for
determining optimal portfolio for healthcare processes management using this strong hybrid
decision-making approach. Finally, using these reports and observations some managerial
insights are provided in the next sub-section to shows the importance and practical aspects of
this study.

5.3. Managerial insights

Existing managerial decision-making implements for determining optimal portfolio for
healthcare processes management, notice low levels of strategic participation that caused lower
levels of re-engineering performance, hence, managers are not able to select the proper
portfolio in their healthcare process. Besides, there is no suitable approach for increasing levels
of strategic participation of hospitals to enhance monitoring and evaluating re-engineering
performance. Besides, operational aspects as another important issue in managerial decision-
making tools are raised. So, the hospital criteria must be included operational aspects of staff
such as quality and time that caused to their effects on re-engineering performance. Besides,
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the arrangement of strategic and operational aspects can help hospitals to achieve better re-
engineering performance, and hence, portfolio evaluation and monitoring actions should
conform to multiple dimensions of re-engineering performance.

This research attempts to propose a comprehensive framework based on fuzzy BWM and
augmented e-constraint approaches for managers to determine the optimal portfolio for
healthcare processes management considering both strategic and operational aspects of the
hospital criteria. Finally, the following insights can be suggested based on the obtained results,
sensitivity analysis, and observations.

— Since the proposed methodology can find an optimal portfolio for healthcare processes
management considering the prerequisites of the activities, this leads to having a
combined portfolio and scheduling plan for the hospital. Also, the obtained Gantt chart
can help the scheduling selected activities of the optimal portfolio for the re-engineering
process.

— The proposed framework considers pairwise comparison numbers in fuzzy mode,
which can lead to the proximity of the problem to the real-world. On the other hand,
implementing this powerful proposed framework is very simple and does not have the
computational complexity that causes the program to lag.

— By adapting the sensitivity analysis, three critical parameters such as the staff resistance
to change processes (Vj), the cost of changing processes (C;j), and the amount of
improvement created by changing processes (P;) are found. The results show that the
changes of V; directly affects the second objective, while the changes of P; affects the
first objective. Moreover, changes in Cj have little effect on either objective functions.
Therefore, the hospital managers can make a proper decision for determining the
optimal portfolio for healthcare processes management based on an appropriate
estimate of costs and budget available of the organization to implement the re-
engineering process.

6. Conclusion

Given the importance mentioned in the previous sections of the study, it can be seen that the
re-engineering of processes plays a significant role in improving the performance of various
organizations, including hospitals. Moreover, choosing the optimal portfolio for healthcare
processes management can help to identify effective processes in this organization to improve
its situation, which ultimately leads to the success of the re-engineering process. For this
purpose, in this study, first, the goals and processes affecting hospital process management
under a case study were described and then the values of the proposed model parameters were
presented. Then, using the fuzzy best worst method and performing its nonlinear optimization
problem in Lingo software, the optimal weights of the goals were determined. Finally, using
these optimal weights, the amount of improvement created by each process was determined.
After that, the proposed bi-objective model was solved using the augmented e-constraint
method, and an analysis of these results was performed. Since the model had two objective
functions and the obtained solutions were compared in such a way that a suggested solution
should be better in both objective functions than other solutions, if the preference between the
solutions could not be determined, we called them Pareto or non-dominated solutions. After
the implementation of the Model, seven Pareto solutions were obtained, and information about
them was provided. Also, according to the opinions of the managers and experts of the
organization, one of these Pareto solutions was extracted as the optimal response. According
to it, it was determined which processes were selected and when they started from the period,
which shows the optimal portfolio of processes to improve the condition of the hospital using
re-engineering. The sensitivity analysis was also used for further research and exploration. To
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this end, several cases were considered that in these cases, some values such as the staff
resistance to change processes, the cost of changing processes, and the amount of improvement
created by changing processes were changed to determine their effects on model behavior.
Therefore, comparisons and results of the analysis can be useful for hospital managers.

Since the information used as the values of the parameters in the proposed model is related to
the geographical location of the case study, this information may not be effective for other
areas and this raised as a limitation of this research. Also, some suggestions for future works
are provided as follows. Since high computational time was observed when solving the
mathematical model using Lingo software, so in larger dimensions of this problem, the
performance of exact methods will be reduced and in a very long time it will give us the local
optimal solution. So using meta-heuristic algorithms will be efficient and useful. Also
considering other assumptions in the proposed model, such as uncertain or fuzzy processes
times, Political and governmental considerations, and work shifts of staff and nurses can be
helpful for organizations.
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