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Abstract

Purpose — This study aims to propose a method known as the fuzzy technique for order preference by
similarity to ideal solution (fuzzy TOPSIS) for complex project selection in organizations. To fulfill study
objectives, the factors responsible for making a project complex are collected through literature review, which
is then analyzed by fuzzy TOPSIS, based on three decision-makers’ opinions.
Design/methodology/approach — The selection of complex projects is a multi-criteria decision-making
(MCDM) process for global organizations. Traditional procedures for selecting complex projects are not
adequate due to the limitations of linguistic assessment. To crossover such limitation, this study proposes the
fuzzy MCDM method to select complex projects in organizations.

Findings — A large-scale engine manufacturing company, engaged in the energy business, is studied to
validate the suitability of the fuzzy TOPSIS method and rank eight projects of the case company based on
project complexity. Out of these eight projects, the closeness coefficient of the most complex project is found to
be 0.817 and that of the least complex project is found to be 0.274. Finally, study outcomes are concluded in
the conclusion section, along with study limitations and future works.

Research limitations/implications — The outcomes from this research may not be generalized
sufficiently due to the subjectivity of the interviewers. The study outcomes support project managers to
optimize their project selection processes, especially to select complex projects. The presented methodology
can be used extensively used by the project planners/managers to find the driving factors related to project
complexity.

Originality/value — The presented study deliberately explained how complex projects in an organization
could be select efficiently. This selection methodology supports top management to maintain their proposed
projects with optimum resource allocations and maximum productivity.

Keywords Fuzzy TOPSIS, Case study, Multi-criteria decision-making, Both, Expert opinions,
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1. Introduction

Due to the competitive business environment, innovative and complexity-free projects are
expected for organizational success (Mahmoud-Jouini et al., 2016; Beste et al, 2020; Wang
et al., 2020). All organizations would like to run a project that finishes with the desired
quality standards, within the given time limits and within the predetermined budgets
(Khadem et al., 2018). However, in real practice, it is claimed that most of the projects do not
reach their objectives due to several reasons such as poor planning, poor execution, poor
coordination, the unclear scope of work and conflicts between team members, (Cui et al.,
2019; Westfall, 2020). Therefore, successful project management mainly depends on the way
out to overcome these issues, which hinders the successful execution of the project.
Moreover, apart from these aforementioned reasons, it has been identified that one primary
reason for the project failure is due to the poor decision to project selection. Specifically, it is
necessary to understand the complexity level involved in the project. Nevertheless, it is also
required to take a proper action plan to overcome the project complexity., All such measures
are important for the decision-makers to take into account while selecting the projects
(Kermanshachi et al, 2016; Bjorvatn and Wald, 2018). Therefore, the responsibilities put on
the shoulders of the decision-makers of the organizations handling the projects are huge and
require them to develop special decision-making frameworks, policies and procedures for
complex project selection (Kermanshachi et al., 2020).

In organizations, the first step to manage a project is to make a decision on whether to
allocate extra resources to a project or not. Moreover, project management often needs to
make decisions to select projects based on the available opportunities and complexities
associated with the project. There is no universally accepted definition of a complex project
(Bakhshi et al., 2016). According to White et al (2016), a complex project consists of
complicated, uncertain, chaotic or even all three conditions that occurred. Vidal et al (2011a,
2011b) defined a complex project as a project that makes it difficult to understand, foresee
and keep under control its overall behavior. According to Hatch and Cunliffe (2012), project
complexity has consisted of many different elements with multiple interactions and
feedback loops between elements. Damayanti et al. (2019) identified the complex project as a
matter related to the relationship of activities, processes and entities with varying levels of
linearity and uncertainty. Project complexity becomes an increasingly important issue and
attracts more attention to the organization (San Cristobal, 2017; Bjorvatn and Wald, 2018). In
today’s competitive market, successful projects enable managers to survive and prosper.

Selection of a successful project is not an easy task, and therefore it is necessary to
investigate new tools and techniques to ensure successful projects. For a successful project,
it is needed to find out the complex projects that need special attention. To find out the
complex projects, one solution is to look for the attributes or factors, which are responsible
for making any project complex. These factors are then can be analyzed with support from
the MCDM method and compare the identified factors responsible for the project’s
complexity of an organization (Beldek et al., 2020). However, in real life, the evaluation and
selection of complex projects depend on various factors, which are mostly subjective in
nature. The importances or weights of these factors are usually expressed in linguistic terms
rather than numerical values. Such linguistic terms are complex in nature and are difficult to
interpret and often fail to bring the necessary conclusion in making a final decision. To
efficiently resolve the ambiguity of such linguistic terms and convert the terms to a more
understandable format, the fuzzy set theory then may be adopted to solve poorly defined
MCDM issues (Buyukozkan and Gocer, 2017).

This study adopted a fuzzy technique for order preference by similarity to the ideal
solution (TOPSIS) method with the objective to select complex projects. To implement this
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method, all the identified criteria and their weights are converted to fuzzy numbers. In
general, projects are consisted of several conflicting criteria, and hence very problematic to
rank them. In such a situation, the MCDM method can be applied successfully. In this study,
the most complex projects are selected after ranking them by using the fuzzy TOPSIS
method (Kumar et al, 2019). Usually, organizational managers select projects, which are
hopefully, secure their contracts. Secure and successful projects enable managers to survive
and prosper. Nevertheless, selecting an appropriate project is not a simple task but it often
becomes costly. Many companies spend costly resources on unsuccessful projects (Kerzner
and Thamhain, 1986). A manager’s goal is to manage successful projects and not to approve
the project proposals only. Based on such a situation, this research study identified two
research questions (Rg)s) as stated below:

RQI. What are the common factors responsible for making a project complex?

RQ2. How to analyze the collected factors to identify the most complex project by using
the Fuzzy-MCDM method?

The rest of the paper is presented as follows: Section 2 reviews the existing literature on
project complexity, associated factors for project complexity and application of fuzzy
TOPSIS method used in MCDM. Section 3 presents the study methodology, while Section 4
illustrates a numerical analysis, where the deployment of the fuzzy TOPSIS method within a
case company is demonstrated. Section 5 explains the study outcomes and overall
managerial implications of the study. Finally, Section 6 concludes the study outcomes along
with study limitations and future research directions.

2. Literature review

In the case of managing a project, it is critical to make a decision on whether a project
is complex or not and often the decision depends on available resources. Therefore, it is
important for managers to select projects, which have a higher possibility of success.
Managers must focus their efforts to identify and selecting less complex projects as much as
possible. To identify the factors, which are responsible to make a project complex, this study
was considered the published literature from various data sources such as Google scholar,
science direct, Scopus, research gate, web of science, Wiley, springer link, Mendeley and
endnote and was related to project management topic mostly during the year 2014-2020.
During the literature survey, this study was considered keywords such as complex project,
challenges in the project, successful project, project risk and project failure. All such
keywords are used to identify the factors responsible to make any project complex. In
addition, in this study, several industries such as manufacturing, service, automotive,
electronic, mining and oil and gas, are considered to identify the project’s complexity factors.
It is noticed from this study that most of the identified factors are common to the all-
industrial sectors.

As project selection is a critical decision to managers, this area of research has been
studied by many researchers. For instance, Han ef al. (2019) used a multi-criteria decision-
making process to project selection, whereas, Hamdan et al (2019) conducted opinion
surveys of contractors to investigate delay factors in electrical installation projects.
Venkatesh et al. (2019) presented a supply partner selection framework using a multi-criteria
decision-making model based on verified criteria attributes. Ma et al. (2020) studied multi-
criteria project portfolio selection based on sustainability. Multi-criteria project selection
based on uncertainty and risk are studied too (Jafarzadeh et al, 2018; Davoudabadi ef al.,
2019; Ma et al., 2020; Pramanik et al., 2020; Dandage et al., 2021). In the case of the complex



project selection method, it is essential to find out the factors that affect projects, complexity
(Dobrovolskiene and Tamosiuniene, 2016; Floyd et al, 2017; Park et al., 2018; Mishra and
Mahanty, 2019). It is often cumbersome and uncertain to determine the weight of the factors
that are responsible for project complexities. Such uncertainty of weight of the factors
influences the quality of project selection. In this uncertain situation, the Fuzzy set theory
might be used as a useful tool (Liang et al., 2019; Yazdi et al., 2020; Ma et al., 2020).

In literature, many studies have been conducted to find the reasons for complex projects
(Frini and BenAmor, 2015; Arditi et al., 2017; Rumeser and Emsley, 2019; Schultz et al., 2019,
Chowdhury ef al, 2020; Trinh and Feng, 2020). However, it was not noticed so many, where
responsible factors of project complexities are analyzed rigorously. In addition,
identification of the factors was mostly collected from various literature surveys and less
focused on experts’ opinions. Moreover, the factors were collected for a specific region or
industry, which may not generalize the study results to the wider audience. Furthermore, the
identified factors were analyzed using various MCDM and not with fuzzy TOPSIS method
which offers comparatively better results (Singh et al., 2018; Gupta et al., 2019; Beldek et al,
2020). Considering mentioned limitations, this study identified the project complexity
factors through both literature survey and experts’ opinions, which authenticate the study
outcomes to the wider audience. In addition, this study analyzed the identified factors by
using the Fuzzy TOPSIS method that also offers extra credibility to the study outcomes.

2.1 Factors affecting the project complexity

To identify the complex projects, at first, it is necessary to identify the factors, which are
responsible for such complexity. These factors are known as driving factors and can be
identified by reviewing existing literature and experts’ opinions from organizations (Piya
et al., 2019). Such identified factors are to be analyzed to select complex projects accordingly.
Based on the requirement to identify the complex projects, several factors are collected from
the literature review as presented in Table 1. The relationships between the identified
factors with the project complexity are also presented in the Table. Each of the identified
factors is defined briefly thereafter.

2.1.1 Stakeholders. According to PMI (2013) project stakeholder refers to, “an individual,
group or organization, who may affect, be affected by or perceive itself to be affected by a
decision, activity or outcome of a project.” Examples of project stakeholders can be a
sponsor of a project, project leader, resource managers, project customers, consultants, team
members, etc. In general, more stakeholders create more exchange of information among
themselves that create project complexity.

2.1.2 Size. Size of a project can be considered as an important factor that makes a project
complex. Generally, a larger project size is much more complex than a smaller size project.
The size of the project depends on the organizational structure and its interrelated elements.

2.1.3 Interdependencies. A project can be more complex if it is dependent on other
projects to be executed. Usually, it is difficult to find a project that operates individually and
does not depend on other projects.

2.1.4 Technology and tools. In general, up-to-date technology and tools expedite the
project execution process, however, too much technology and tools may often create
complexity. The adaptation of technology and tools are dependent on the variety of tasks
within a project and the required level of specialization in each of them.

2.1.5 Management decisions. Management commitment, support and decision are
crucial for the successful implementation of the project (Piya et al.,, 2020a, 2020b). A project
can be complex or simple based on the management decision. It is considered an important
factor to make the project simple or complex. Management decisions are dependent on the
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Table 1.

List of factors that
drive project
complexity

Driving factor Relevant literature

Relation to project complexity

Stakeholders Akadiri ef al. (2013), De Brucker et al.
(2013); Frini and BenAmor (2015) and

Chowdhury et al., 2020

Size Lu et al (2015), Bjorvatn and Wald (2018)
and Safapour et al. (2018)

Interdependencies Jafarzadeh ef al. (2018) and Al Zaabi and

Bashir (2020)

Technology and  Tafi (2013); Poveda-Bautista ef al. (2018)

tools and Contractor (2018)

Management Kermanshachia ef al. (2016), Ahmadi ef al.
decisions (2017); Rumeser and Emsley (2019) and

Schultz et al. (2019)

Cultural diversity ~Arditi ef al. (2017) and Trinh and Feng

(2020)
Variety Morris (2013) and Stretton (2017, 2019)
Resources and Darcy et al. (2014); Fores and Camison
capability (2016); Woschke et al. (2017), Nguyen et al.

(2019) and Sharma and Naude (2021)

Uncertainty Roghanian and Bazleh (2011), Ghapanchi
et al. (2012); Taylan et al. (2014), Dandage
et al. (2018); Engstrom ef al. (2018) and

Hamdan et al. (2019)

Information Kahraman ef al. (2007), Chen and Cheng

exchange (2009); Haque and Islam (2018) and
Akhavan et al. (2019)

Laws and Kivila et al. (2017) and Romasheva and

regulation Tlinova (2019)

Works concerned with sustainable project
selection, considering simultaneously the
economic benefits, the environmental
impacts and the decision-maker
preferences

The size of the project affects complexity
and reduces project management
performance. This project size also
influences project management

The study proposed projects
interdependencies between prioritization
and uncertainty, which contributes toward
project complexity

Proper technology and tools can be helpful
to measure and eliminate project
complexity

It is noticed that magnitude of change
orders from management impacts project
execution and complexity

Cultural diversity significantly influences
the project complexity

Representation of a variety of contexts
affects project management. It is essential
to sort out who should be involved and in
what capacities to effectively managing
projects

Resource scarcity (e.g. human resource
scarcity, financial resource scarcity, etc.)
among companies affects the project
innovation performance and increases the
complexity

An investigation of the common causes of
project delays is identified and prioritized
based on the simple ranking methods and
considering uncertainty in projects
Efficient information exchange among
projects can be one of the major enabling
factors to achieve a successful project
The level of policy incentives and
regulations affect the effectiveness of any
projects’ implementation, confirming the
adequacy of the offered methods and
identifies various measures to ensure the
project’s success

project’s stakeholders such as partners, suppliers and available tools and techniques. The
on-time and efficient decision can simplify a project a lot.

2.1.6 Cultural diversity. Due to cultural variations between countries, managers often
deal with projects differently. Globalization boots project complexity due to higher mobility,
hierarchy, higher dynamics and erosion of boundaries. In such a perspective, cultural
diversity plays a crucial role in determining the complexity of a project.



2.1.7 Variety. When different projects are executed together, it creates complexity. More
varieties initiate’ added complexities in projects. More amount of tasks and services
contribute to project complexity.

2.1.8 Resources and capability. Scarcity of required resources resembles a complex
project. Sufficient resources and added capabilities contribute toward eliminating or lower
the project complexity.

2.1.9 Uncertainty. Uncertainty of necessary elements such as resources, schedules,
constraints, goals and methods creates a complex project. More level of uncertainty creates
an increased level of project complexity.

2.1.10 Information exchange. To execute a project efficiently, continuous information
exchange among project stakeholders is necessary. During project execution, professionals
contribute to sharing information. To avoid project complexity, it is necessary to maintain
real-time information exchange between project stakeholders.

2.1.11 Laws and regulations. Due to changes in laws and regulations, an institutional
complexity can emerge in a project (Bosch-Rekveldt ef al, 2011; He et al., 2015). Even if the
laws and regulations are not changing, they are able to create conflict in a project, for
instance when a project is the first to implement or execute a norm or when there are no
laws, etc (Li et al., 2015; Floricel et al., 2016).

2.2 Methods to analyze the identified factors to select a complex project

Selection of complex projects enables managers to use their costly resources optimally with
the possibility of successful projects. In organizations, the selection of projects is generally
organized through a team of decision-makers following pre-specified guidelines. The
decision-makers, within the group, select the projects according to their experience and
skills. In this way, the sorting of complex projects is done based on the decision-makers’
scores of pre-defined criteria. Fuzzy logic can be applied efficiently in such type of selection
method for complex projects.

Various researchers used different tools and techniques to analyze the identified factors
responsible for making the project complex. For example, Tan et al. (2010) used the TOPSIS
method to select the construction project with the identified factors. Prascevic and Prascevic
(2017) applied the fuzzy-analytic hierarchy process (AHP) method to rank and select
alternates in managing projects. Han et al. (2019) used a multi-criteria project selection based
on fuzzy-AHP and TOPSIS methods. The fuzzy TOPSIS method is very much efficient and
popular for solving such multi-criteria decision-making processes and adopted in different
organizations (Sadi-Nezhad, 2017; Prascevic and Prascevic, 2017; Han et al, 2019). To
prioritize and select a project, Shaygan and Testik (2019) used a fuzzy-AHP based
methodology.

Sadi-Nezhad (2017) presented a survey for project selection by considering the
integration of TOPSIS and AHP/analytic network process (ANP). Pramanik et al (2020)
proposed integrated Shannon entropy and fuzzy techniques for managing uncertainty
during project selection. Biiytikozkan et al (2017) implemented combined Intuitionistic
Fuzzy ANP (IF-ANP) to analyze the criteria weights and Intuitionistic Fuzzy Decision-
Making Trial and Evaluation Laboratory (IF-DEMATEL) approach for evaluating partner
for customer relationship management. Yalcin et al. (2019) proposed IF-DEMATEL and IF-
TOPSIS methods to select research and development projects.

As stated above, all the available MCDM approaches are focused mostly to select the
project, partner, supplier, etc. However, in the literature, no research has been found to use
the MCDM approach to select a complex project. To fulfill such a research gap, a fuzzy
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TOPSIS method is adopted to categorize and select the most complex projects in
organizations.

2.3 Fuzzy technique for order preference by similarity to the ideal solution method

Selection of a complex project remains a critical business issue in today’s competitive
business domain. There are too many factors involved in this selection process such as
financial, technical, social and risk factors. It is not an easy task to decide a project
based on minimizing uncontrollable factors and maximizing controllable factors. In
this MCDM problem, the fuzzy approach can be a useful guideline to evaluate project
selection (Gupta et al., 2019; Beldek et al., 2020). Fuzzy TOPSIS is also a multi-criteria
technique that has been widely used due to its clear methodology and easily
programmable computation procedure (Singh et al, 2018). TOPSIS method is
introduced by Hwang and Yoon in the year 1981 (Tzeng and Huang, 2011). It is used to
choose the best alternate considering multiple criteria. The popularity of the TOPSIS
method can be measured by its application in various disciplines to solve MCDM issues
(Du et al., 2014; Biswas et al., 2016; Fei et al., 2016; Sun et al., 2017; Chukwumaobi ef al.,
2020). TOPSIS method is considered one of the MCDM methods, where fuzzy numbers
are used to solve problems involving human judgment and vagueness (Kumar ef al.,
2019). In the past two decades, several methods have been developed which integrates
TOPSIS with fuzzy logic that can be successfully implemented for solving group
decision-making problems (Singh et al., 2018; Gupta et al., 2019).

The main idea of TOPSIS is to select the alternate based on the distance from the ideal
solutions. The drawback of traditional TOPSIS is that it uses the crisp value in the
identification of the best alternate (Rajak and Shaw, 2019). However, there are many
instances where the crisp data are not adequate to model a real-life situation, especially
when the decision-making process involves human opinion. Under such a situation, the
decision is to be made by taking into account uncertainty and vagueness. Therefore, instead
of giving judgment in the form of a single crisp value, the decision-maker may evaluate the
problem based on the interval judgment and using the linguistic term (Yang and Hung,
2007; Kannan et al., 2009). Many researchers have adopted fuzzy set theory in TOPSIS using
the linguistic term to handle vagueness and deal with imprecise data (Kharat et al, 2019).
The linguistic terms from decision-maker are interpreted in various forms of fuzzy numbers
such as triangular (Kannan et al., 2013; Noktehdan et al., 2020), trapezoidal (Ganesan and
Veeramani, 2006; Duzce, 2015), quadrilateral (Kumar et al., 2021) and Gaussian (Sahin and
Yip, 2017). The use of a specific type of fuzzy numbers is dependent on the nature and
characteristics of the identified problems and their ultimate nature of solutions. For instance,
the triangular membership function is the simplest one and is widely applied to express
linguistic terms (Pedrycz, 1994; Chen, 2000).

Many techniques are available for the evaluation and ranking of alternates with multiple
criteria. Each of the techniques has its own advantages and limitations over others. Fuzzy
TOPSIS is one of the widely used multi-criteria decision-making techniques. The advantage
of Fuzzy TOPSIS is that it is simple in the computational procedure, easy to represent
human preferences and allows explicit trade-offs between multiple criteria (Kannan ef al,
2013). In addition, the technique is classified as a compromising model, with the notion that
no ideal solution exists, but a solution with optimal values on all criteria is possible to
accomplish. Therefore, in this paper, Fuzzy TOPSIS with a triangular membership function
is used in a quest to select a complex project.



3. Study methodology

Project complexity can be measured based on the analysis of a set of factors. However,
before measuring the level of complexity, it is required to identify the factors that are
responsible to project complexity. In this research, at first, 11 factors were identified based
on the rigorous literature review and expert’s opinions. These factors were presented in
Table 1. In literature, there are several MCDM approaches such as min-max, max-min,
ELECTRE, PROMETHEE, TOPSIS, fuzzy TOPSIS, compromise programming, AHP, fuzzy
AHP, data envelopment analysis and goal programming. All such approaches can be used
for comparing and prioritizing multiple alternates and finally selecting the best-fit choice
(Sener et al., 2018). Among these techniques, fuzzy decision-making techniques have been
attracting growing attention to getting solutions that contain unclear, incomplete
information and linguistic variables (Kahraman et al., 2015; Kumar et al, 2019). Usually,
fuzzy sets theory in the decision-making process is used when decision-makers have to
make decisions with uncertain and ambiguous data (fuzzy data) (Erdin and Akbag, 2019).
Moreover, the application of fuzzy sets theory has significant supports for MCDM problems
and contributes to the relative priorities of fuzzy numbers rather than precise numbers and
has become one of the most suitable fields for using this theory (Yang and Hung, 2007).

This study adopted fuzzy triangular numbers in the MCDM method to allow the use of
linguistic variables with respect to a numerical outcome that can be used to assess the best
option among alternates, which are based on predefined criteria. The numerical outcome
contributes to achieving effective results through quantifying the uncertain data. The major
logic to choose the fuzzy triangular number rather than other available numbers is its
inherent simplicity and ease to interpret the linguistics variables as mostly used by the
experts. The fuzzy triangular numbers are extensively used by the researchers work in
MCDM models due to their simple intuitiveness and calculation to performance
measurement (Pedrycz, 1994; Vinodh and Devadasan, 2011; Koohathongsumrit and
Meethom, 2021). In the case of a questionnaire survey, where the decision is mainly based on
experts opinions, fuzzy triangular numbers are proved as efficient to calculate and required
less time to get the solution successfully (Alkhatib, 2017; Patil et al., 2020; Jaukovic et al.,
2020; Lam et al., 2021).

Furthermore, to analyze projects with respect to the identified factors, this study adopted
a fuzzy TOPSIS method due to the uncertainty and vagueness associated with the
understanding of and analyzing these factors. To demonstrate the working mechanism of
the adopted fuzzy TOPSIS method, a case company was selected with the objective to rank
its eight available projects based on their complex levels. For selecting the most complex
project, three groups of decision-makers from the case company were selected to avoid
personal bias, to achieve diverse opinions from experts, to validate and to generalize the
study outcomes. Members in group 1 were consisted of five project managers, while group 2
consisted of four project planners and group 3 consisted of three project sponsors. The
methodological framework followed for selecting a complex project in this study is
illustrated in Figure 1.

The procedure of applying the fuzzy TOPSIS method is explained as below:

Step 1: Create a fuzzy decision matrix

A fuzzy decision matrix (®D) is created by obtaining the linguistic variables from the
experts or decision-makers. The decision-makers use linguistic words to present preference
such as “very low,” “low,” “medium,” “high” and “very high.” These linguistic variables are
converted to fuzzy sets following fuzzy logic. Table 2 highlights the linguistic variables,
notations and corresponding fuzzy set and Figure 2 presents the corresponding triangular
membership function.
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Equation (1) shows the fuzzy decision matrix obtained from expert . In the equation, x;;
represents the linguistic variable received on factor 7 (¢ = 1, 2. .. ») for the projectj (/ =1, 2,
...... , m) from the expert [ ({ = 1, 2, .. .., ). Each linguistic variable has three values (x;; =
@iy, by, cijp) as shown in Table 2. Once all experts individually provide their linguistic values



on the factor relevant to the corresponding project, the aggregate scores of experts are ~ Application of

calculated by using the geometric mean, as shown in equation (2). The aggregate fuzzy
decision matrix is shown in equation (3).

X1 Xeu o o Xau
oD — X120 X221 v Xp2 (1)
Ximl Xoml Xl
Yij = \L/ﬂ ©
yu a0 Im
e el I ®
Yim Vom0 Vim

Step 2: Determine the weight vector for the factor

The weighting vector (W= w1, Wo, ..., W) represents the weight for the given factor
assigned by the experts. To assign the weight, the same linguistic variables and values as
shown in Table 1 are used. Equation (4) represents the weight matrix obtained from the / (/ =
1,2,...L)expertsonfactori((=1,2,...,n).

wip Wa v Wyl
Wiz W - Wy2

QW= @)
wiL wor - WyL

The weight of factor 7 is then obtained by taking the average of the experts’ linguistics
evaluations.

w,-:]%(z;wﬂ), i=1.2. . ..n )

Step 3: Normalization of the fuzzy decision matrix

Normalization of the fuzzy decision matrix is conducted to convert each factor value in
between the range of (0-1). For the fuzzy data which is denoted by the triangular fuzzy
numbers (a;;, by, c;), the normalization is done based on equations (6) and (7) according to
whether the factor is to be maximized or minimized, respectively.

aj bl] Cjj + . .
¥y = <c-+’c-+7c-+ Where, ¢ = max;(¢;), i =1,2,...,nandj =1,2,...,m
1 1 1
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a; bi ¢ ) )
Py = (l,i,i> Where, ¢; = max;(c;), i =1,2,...,nandj = 1,2,...,m

)

Step 4: Construct weighted novmalized fuzzy decision matrix
Weighted matrix is then obtained by multiplying the weight of the factor with the fuzzy
normalized decision matrix.

k-], ®

ki =yy ©w;,i=1,2,...,nandj = 1,2,...,m ©)

Step 5: Determination of the fuzzy positive ideal solution (FPLS, A*) and fuzzy negative ideal
solution (FNIS, A)

The fuzzy positive and negative ideal solutions on the given criterion i represent the
maximum and the minimum values, respectively, obtained from the weighted
normalized fuzzy decision matrix, among all the alternate projects. The fuzzy positive
and negative ideal solutions on the given criterion 7 are given by equations (10) and (11),
respectively.

« _omax

A;_vjem(k;),izl,z...,n (10)
_ min W
A = vj e (B)i=12,. 11)

Step 6: Calculation of the Euclidian distance of each alternate project from Af and A7

The Euclidian distance shows how far the alternate project j is from positive and
negative ideal solutions. To calculate the distance, at first the distance on individual factor 7
for the given project j is calculated. Thereafter, the distance on the entire factor is summed
up by the following formula.

a=Y" \/ )+ (05 = A7) + (e — A7)} (o583 cp) € hyand

=1,2,...,m (12)

\/ a@j — l- +(bY - *)+(05—Al>}(al],b;,U)ek,]and]
=12,....m )

Step 7: Calculation of the closeness coefficient of each alternate project
The closeness coefficient of each alternate project is calculated by equation (14).



Ci=—"—j=1,2,....m (14)

Step 8: Ranking the alternate projects following their closeness coefficients

At the end, all the studied projects are ranked following their closeness coefficients.
Higher the closeness coefficient better will be the ranking and vice versa. The highest
closeness coefficient here represents the most complex project in terms of identified factors.

4. Numerical analysis

This section uses numerical analysis to demonstrate the selection process of the complex
project within a specific case company, engaged in the energy business. This case company
is suffering from choosing the most complex projects within its available resources. Keeping
such an objective in mind, this study systematically illustrates the procedural steps to
choose the most complex project. As a test case, eight projects from the selected company
were taken into account.

The case company is a global leader that handles plenty of projects in its everyday
business in the energy sector. These projects are usually much complex in nature and the
company is struggling to manage their complex projects and prioritize them based on the
available resources. It is very critical for the company to manage and share its valuable
resources optimally toward the most complex projects. The prioritization of the projects
based on their complex level can help the company to work efficiently and to maintain its
order of delivery.

This study identified various critical factors responsible for making the project complex.
The factors were identified by extensive literature search and after discussions with the
personnel, working in the case company’s marketing department, technical department and
financing department. In total, 11 most critical factors, namely, stakeholders, size,
management decisions, technology and tools, resources and capability, cultural diversity,
laws and regulations, uncertainty, information exchange, interdependencies and variety
were found to be responsible to make the project complex and is presented in Figure 3.
There are three layers display in Figure 3. The first layer indicates the object of this study
which is to find the complex project, whereas, the second layer highlights all the responsible
factors for making a project complex. The third layer highlights all the studied projects,
which are to be ranked based on their complexity levels.

The arrows in Figure 3 interpret the relationship among the studied project, identified
factors responsible for project complexity and ranking of the studied projects based on the
complexity levels. For instance, “stakeholders” is an identified factor responsible to make a
project complex, which is also a common factor for all other 11 studied projects and the
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interrelationships are displayed by arrows, etc. All such identified 11 factors can be
categorized as economic (resources and capacity, size and uncertainties), technological
(technology and tools and information exchange and interdependencies), social
(stakeholders, management decisions and cultural diversity) and environmental (laws and
regulations and variety). From Figure 3, it is noticed that all the factors responsible to make
the project complex is linked to all of the current projects within the case company.

The aims of this case study were to investigate the selected eight projects and rank them
according to their complexity levels. To assess each of the eight selected projects, three
group decision-makers or experts were chosen from the case company. The following steps
were followed for ranking these projects.

According to the Fuzzy TOPSIS method, the opinions as received from three group
decision-makers on the factors of project complexity are converted from linguistic values to
fuzzy numbers following the numbering system as stated in Table 2. The linguistic values
as presented in Tables 3, 4 and 5 from 3 three different group decision-makers are then
converted to fuzzy numbers, which are presented in Tables A1, A2 and A3, respectively, and
placed in Appendix. The whole procedure is explained below.

4.1 Modeling the problem
Step 1: Creation of the fuzzy decision matrix

The three group decision-makers were interviewed and requested to give their valuable
opinions related to the impacts of the identified factors over the project complexity. Their
opinions were categorized as high, average and low impact. The opinions from the three
different group decision-makers in the form of linguistic variables are presented in Tables 3,
4 and 5, respectively.
Step 2: Formulation of the fuzzy decision matrix

Formulation of the fuzzy decision matrix is done by converting the linguistic terms into
triangular fuzzy numbers following the representation in Table 2, which are then replaced
into complex decision matrix following equations (4) and (5). The outcomes are presented in
Tables A1, A2 and A3, respectively, and placed in the Appendix section (Tables 6 and 7).
Step 3: Normalization of the fuzzy decision matrix

Average fuzzy weightings and ratings and normalization of the fuzzy decision matrix are
done following equations (6) and (7) and presented in Tables Al and A2, respectively.
Step 4: Construction of the weighted normalized fuzzy decision matrix

The construction of the weighted normalized fuzzy decision matrix is done by applying
equations (8) and (9) and is presented in Table 8.
Step 5: Calculation of the FPIS and FNIS

Both the FPIS and FNIS are calculated by using equations (10) and (11), respectively and
are presented in Tables 9 and 10, respectively.
Step 6: Calculation of the distance from FPIS and FNIS

Following equations (12) and (13), the distance from FPIS and FNIS to each alternate is
determined and the outcomes are displayed in Tables 9 and 10, respectively.
Step 7: Calculation of the closeness coefficient

The closeness coefficient of each alternate is determined by using equation (14). The
closeness coefficients of eight projects are as shown in Table 11.
Step 8: Ranking based on the closeness coefficient

Based on the closeness coefficients, eight alternate projects are ranked as project
5> project 2 > project 7 > project 1 > project 3 > project 4 > project 8 > project 6 as shown
in Table 11. From Table 11, it is noticed that project 5 is the most complex project in the case
company. When the closeness coefficients of different projects are very tight, further
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Table 11.

Display of opinions
of three groups of
decision-makers from
linguistic values to
fuzzy numbers on
project complexity
factors

analysis needs to be conducted to figure out which one is the best choice by considering the
case company’s previous experience and preference.

4.2 Sensitivity analysis

From Section 4.1, it is seen that the experts have given different weights (W) for different
factors (F). The change in the weight will have an effect on the project ranking. To check the
effect of such change on ranking, sensitivity analysis is conducted. Section 4.1 shows that
none of the identified factors deserves lower weight according to the experts. Stakeholder
(F1), interdependence (F3) and information exchange (F10) received equal weight i.e. “very
high.” Similarly, Size (F2), management decision (F5), resource and capability (F8) and
uncertainty (F9) received “high” weight. The remaining factors technology and tools (F4),
cultural diversity (F6), variety (F7) and laws and regulations (F11) received “average
weight.” To design the setup for the sensitivity analysis, the factors that received the same
weight based on the expert opinion are considered as one group of factors. It means that in
the sensitivity analysis three groups of factors were considered, where group 1 consists of
factors F1, F3 and F10. Group 2 consists of factors F2, F5, F8 and F9. The remaining factors
fall under group 3. The weight for these groups of factors was varied to see its impact on the
ranking of the project. It should be noted that the weights considered in the sensitivity
analysis were “very high,” “high” and “average” thereby neglecting the level “low.” The
reason for grouping factors and neglecting low weight is based on the result from section
4.1. Moreover, another reason is due to the fact that if the factors are not grouped and if all
the possible weights are considered, then the total set-up for the sensitivity analysis will be
equal to (possible weight ™mber of factors) “\which in this research will result into 4711 =
4,194,304 combinations. Based on the combination of a group of factors and neglecting “low”
weight, altogether 27 (3"3) set-up were generated. Out of the 27 set-ups, it is obvious that
three set-ups will lead to the same result i.e. giving equal weight i.e. either “very high” or
“high” or “average” to all three groups of factors simultaneously. Therefore, removing the
setups, which lead to the same results, altogether 25 setups are considered for the sensitivity
analysis as shown in Table 12.

Table 12 shows the closeness coefficient of the projects at different setups. For example,
set up number 8 shows that the factor which falls under group 1, group 2 and group 3 are
assigned average weight, very high weight and high weight, respectively. At this
combination of weight for the criteria, the highest closeness coefficient (0.8053) is achieved
by project 5 (P5) and the lowest closeness coefficient (0.3137) is achieved by project 6 (P6).
From the table, it is evident that for all 25 set up, P5 achieves the highest closeness
coefficient and P6 achieves the lowest closeness coefficient. Therefore, in terms of ranking of
the project, P5 ranks first and P6 ranks last for all the setup. However, in some projects, for

CG; Rank

0.673573 4 Project-1
0.77256 2 Project-2
0.631907 5 Project-3
0.394207 6 Project-4
0.816757 1 Project-5
0.273746 8 Project-6
0.688421 3 Project-7
0.37379 7 Project-8
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Figure 4.

Ranking of project
and their percentage
distribution

example, P1 has the second-highest closeness coefficient for setting up 9, while it has the
third and fourth highest closeness coefficient for set-up 2 and set-up 1, respectively.
Therefore, depending upon the weight combination allocated to the group of factors, the
ranking of these projects varies. Irrespective of whether the ranking of the project remains
the same at different setups, their closeness coefficient varies with change in the weight
combination. The last two rows in the table show the maximum and minimum closeness
coefficient achieved by the project under these 25 setups. The closeness coefficient range is
the highest for Project 7 (P7), which is equal to 0.3083. Further analysis revealed that the
variability in the closeness coefficient, measured in terms of standard deviation, is also
highest for P7, which is equal to 0.0585.

Next, the analysis is carried out to know the percentage distribution of projects in terms
of their ranking, the result of which is as shown in Figure 4. The result shows that there is no
effect of change in the weight on projects P5, P4, P8 and P6 as for all the set up their ranking
is fixed. These projects rank 1%, 4™ 7" and 8", respectively. However, for other projects, the
effect of weight is evident from the Figure. Project P2 holds the second rank for 96% of the
setup while the remaining 4% is held by project P1. Similarly, for most of the setup, rank 3,
rank 4 and rank 5 are held by P1 (76%), P7 (60%) and P3 (72%), respectively. From the
analysis, it can be seen that even though there is some effect of weight on the project
ranking, the effect is mainly over projects P1, P3 and P7. The ranking of these projects
varies between (Rank 3-Rank 5). The effect of weight on only to these limited projects is due
to the fact that rather than varying the weight of each factor separately, in the sensitivity
analysis, it is varied for the group of factors.

5. Managerial implications

Organizational managers are always focused to select their projects, which have the highest
possibilities for success. Due to the importance of selecting winning projects for each of the
organizations, this issue has been studied a lot. To work with a successful project, it is
critical to find out the complex projects, which need special attention to make them
successful. During selecting winning projects, it is very important to find out complex
projects and categorize them to allocate costly resources efficiently. Researchers studied
several ways to identify factors that affect project selection. In general, managers do not
have a systematic decision method when there are several projects available for selection to

120

P8 P6

Ranking Percentage

Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Rank 7 Rank 8
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success. It is often a difficult process to select complex projects, where most of the time
managers adopt their common sense and experience for the final decision. Managers may
often waste money and time if there is no focus to choose the most complex projects from all
available projects. It is, therefore, essential to have a proper procedure to help the managers
to identify complex projects due to resource scarcity. To overcome ongoing challenges and
successfully managing projects, organizations have to recognize the need to know about
project management complexity. For many organizations, this has meant to ramp up
implementing proper procedural steps to identify and select complex projects out of many
on the same occasion. While anecdotal evidence suggests that selecting, project complexity
involves specific challenges and organizations require overcoming them through proper
procedural steps. To address this gap in existing knowledge, this study proposed a fuzzy-
based project selection approach, where relevant factors responsible for project complexities
are identified and reviewed. The impacts of such factors on project complexity are assessed
through human judgment, which is based on interval judgment and using the linguistic
term. All such responses are analyzed through the fuzzy TOPSIS method to offer a
triangular membership function to select a complex method. This MCDM process was
eventually successfully implemented for solving group decision-making problems.

In this situation, the fuzzy TOPSIS method can be used as an important tool to support
managers selecting complex projects following multiple attributes and integrating valuable
opinions from experts in the field. Due to the concise and practical nature of the fuzzy
TOPSIS method, it is often recommended and suitable to take this tool to accumulate the
outcomes from the fuzzy approach. Indeed, the final decision to select a project still depends
upon the top management of an organization. The study outcomes open up a
methodological approach that helps managers to select their projects based on the
complexity levels. Although selecting a complex project is not an easy task but it is usually
considered a critical task in organizations. There are limited methods available to select
complex projects in organizations and Fuzzy TOPSIS is one of them that might use by the
managers to select the complex project. The presented study deliberately explained how
complex projects in an organization could be select efficiently. This selection methodology
supports top management to maintain their proposed projects with optimum resource
allocations and productivity.

6. Conclusions and future works

Selection of complex projects has strategic importance for many companies. To select
complex projects, at first, the company should identify factors that define a complex project.
Thereafter, based on the identified factors, the company may analyze and rank projects
based on the level of complexity. This study mainly attempted to answer two important
research questions related to a complex project. The first research question is addressed by
identifying the factors responsible for project complexity through an extensive review of
relevant literature and experts’ opinions. The identified factors are needed to be weighted by
the experts in the respective domain of project management. In most situations, it is often
hard for the experts to give weights on a given set of factors.

The second research question is answered by analyzing the collected factors. For this
purpose, the fuzzy TOPSIS method is adopted for ranking all the given sets of project
alternates and determines the complex projects chronologically. The proposed approach can
support the ranking of complex projects under conditions of incomplete or imprecise
information. A numerical analysis is presented demonstrating the working mechanism and
effectiveness of the proposed approach. In the analysis, 11 identified factors are considered
to select eight projects from a case company engaged in project-based business. All the
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factors associated with project complexity were sorted out and analyzed based on the
linguistic values received from the three individual experts working within the case
company. The outcomes from the analysis show that Project 5 is the most complex project
within the case company, while Project 6 is the least complex one. From the study results, it
can be concluded that the case company requires deploying a more efficient approach for
selecting the complex project.

There are various MCDM approaches for optimization such as AHP, TOPSIS, Best-
Worst DEMATEL, GRA and Vikor. Each of the approaches has its own benefit and
limitations. Many kinds of literature have even integrated more than one approach together
for the purpose of ranking in various research domains (Piya et al, 2020a, 2020b). The
suitability of a specific approach or its integrated form for the ranking of projects may
depend on the characteristic of the project. A deeper study is needed in this regard. The
research can be extended to compare various MCDM approaches and identify the most
suitable approach to rank the complex projects depending upon the characteristic of the
project.

This study explores several important dimensions toward managing projects in
organizations. It contributes by providing a general guideline on how to explore factors
that make a project complex. Not only identifying the factors but this study also
validated those factors with experts’ opinions who are working in the project
management sector. This validation process also enables the authenticity of the factors
as collected from an extensive literature survey. In addition, the collected factors were
prioritized one over another by using the fuzzy TOPSIS method, which is considered a
widely used MCDM process. This prioritization process helps organizational managers
to sort the most critical factors that need special attention to avoid project complexity.
Moreover, due to the subjective nature of the response from different experts, it was
justified to apply the fuzzy model for this study, which also supports more credibility
toward the potential outcomes. Furthermore, it is believed that the study results will
help project managers to optimize their project selection processes and allocate
optimum resources to achieve maximum productivity.

There are several limitations in this study, which are worthy to mention managing the
project’s complexity efficiently. One of the limitations is that this study identifies 11 drivers
of the project’s complexity, which are identified by the literature search and can be even
more or less in practice. In case of more or fewer drivers of complexity might create even
more useful study outcomes. Another limitation is the opinions from the experts, which can
be personally biased and effects overall study outcomes. In addition, the study was tested in
only one case company, which may not validate the presented approach and generalize the
study outcomes for a wider community. In the future, this research study can be extended to
examine the aggregation method of attribute weightings and ratings and other types of
membership functions, for example, trapezoidal or exponential. In addition, a software
package can be designed to automate the calculation process and make it more efficient and
authentic.
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