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Abstract: This work aims to help managers anticipate, detect, and keep under control complex
situations before facing negative consequences. This article explores complexity modeling theory
and develops a framework and associated score sheet to measure project complexity. A framework
comprising ninety factors is presented and divided into seven categories: stakeholders, project
team, project governance, product, project characteristics, resources, and environment. For the
project complexity assessment grid, the project manager prioritizes and weighs its factors using
linguistic variables. The score sheet is customizable in its handling of the factors and their weights. A
critical state of the art on multi-criteria methodologies is presented, as well as reasons for using the
fuzzy technique for order preference by similarity to ideal solution (TOPSIS) method. This method
provides early-warning signs with the possibility of comparing multiple projects. It also enables
one to measure and prioritize areas and domains where complexity may have the highest impact.
Practical applications on three projects within an automotive manufacturer highlight the benefits of
such an approach for managers. Project managers could use both a project complexity rating system
and a measure of risk criticality to decide on the level of proactive actions needed. This research
work differs from traditional approaches that have linked proactive actions to risk criticality but not
project complexity.

Keywords: complexity assessment; complexity management; fuzzy TOPSIS; project complexity;
project management; vehicle development projects

1. Introduction

Managing project complexity is known to be a success factor in modern project
management [1]. Complex projects require unique project governance and management
to adapt to interconnectedness and communication with, and control over, the different
stakeholders [2]. Today, the problem with the failure of business projects and entities is a
very current topic in the economy [3,4]. Applying proper risk management actions based
on complexity level helps in achieving better project success rates.

Project practitioners noticed a significant correspondence between the project com-
plexity level and successful management of project cost, duration, workload, and quality
outcomes. Indeed, development effort increases with project complexity [5], and there is
notably a strong relationship between complexity level and overall production cost [6].

Project complexity is recognized as a potent characteristic that influences, usually in a
negative way, the outcome of many projects [7]. As a result of expanding complexity, to-
day’s projects often fail and project managers are faced with more complex tasks, requiring
skills from across many disciplines [8]. Describing and evaluating project complexity more
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properly could allow anticipating some complexity-related phenomena such as ambiguity
and propagation of problems [9]. The overall ambition of this article is to define a frame-
work and measure of project complexity. This research work is extended, updated, and
rationalized from Jaber’s Ph.D. work within an international automotive manufacturer [9].
It suggests a generic framework to evaluate project complexity that could be applied in
different industrial sectors. Furthermore, it resolves the vagueness, ambiguity, uncertainty,
and imprecision related to crisp numbers in multi-criteria assessments of project complexity,
by using a fuzzy multi-criteria decision-making method, which effectively processes the
spoken language of decision-makers in daily life.

Project complexity measurement is applied within an automotive manufacturer’s
organization to assist decision-making, notably when analyzing and comparing several
projects. This approach can be used in different manners.

First, a retrospective analysis of previous projects can be done. It can help in under-
standing former difficulties, failures, or opportunities and learn lessons for future projects.
It can also directly assess the historical impact of complexity sources on achieving project
goals and their influence on cost, duration, value creation, and other project parameters
such as the staffing level. Second, a prospective analysis can be performed. Using such
a framework and measure in the upstream stage permits highlighting areas with a high
complexity level. This framework allows anticipating the impact of complexity on projects’
outcomes and plans mitigation actions to reduce complexity-induced risks.

The remainder of this paper is as follows. Section 2 introduces the research ques-
tion associated with complexity in project management. Section 3 presents the research
methodology and notably the selection of the multicriteria assessment method that will be
used. Section 4 introduces the project complexity framework, upon which the assessment
is made in Section 5.

2. Complexity in Project Management

Complexity is among the real challenges of project management [10]. It has changed
our view of the world of science in all fields, including social sciences. Projects have always
been complex [11], and their complexity increases [12]. Project complexity is an essential
criterion in selecting an appropriate project organizational form; it influences the selection
of project inputs, e.g., the expertise and experience requirements of management staff; and
it affects the project objectives of time, cost, and quality. Generally, it influences project
outcomes; the higher the project’s complexity, the greater the time and cost [13,14].

2.1. Description of Complexity and Complex Systems

A complex system is composed of many parts and elements that have many inter-
actions [15]. Complex systems are constituted by the sum of their components and the
relationships between these components [16,17]. Thompson [18] also viewed a complex
organization as a set of interdependent parts, which make up a whole together, this whole
being interdependent with some larger environment. For years, “organization theory
has treated complexity as a structural variable that characterizes both organizations and
their environments” [19]. When dealing with organizations, complexity is indeed often
“viewed as an objective characteristic of the organization structure, defined and measured
in terms of the number of its constituent parts, their diversity, and relationships” [20]. More
particularly, “economic and social systems, from single firms to the global economy, all
involve a multitude of actors interacting in complex ways” [21]. As a whole, a complex
system or organization is composed of a large number of elements; these elements are of
several types and have an internal structure that cannot be overlooked, and are connected
by non-linear interactions, often of distinct types. The system is subject to external influ-
ences at different scales. Le Moigne and Morin helped to develop a theory or a “systems
science,” which first wants to be interdisciplinary and second aims to cope with complex
phenomena [22,23]. Morin also presents the concepts of uncertainty and un-decidability
as concepts closely linked to complex thought. Thus, complexity revolves around the
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relationship between the four principles that characterize this thought: order, disorder,
organization, and interaction. The increasing complexity of systems raises the question of
their control and, more generally, the competitiveness of enterprises in terms of capacity to
analyze the architecture with the means of “systems engineering.” Complexity in “systems
science” is divided into three types: first, the complexity of the systems themselves; second,
the complexity of contractual frameworks in which the systems are finally realized; and
third, the complexity of organizations involved in the definition phase, construction, and
operation. Such complexity requires developing the engineering and information systems
processes to manage, share, and leverage engineering data during all project phases.

Since complexity results from the (non-trivial) interactions between the interrelated
components of a system, complexity is manifested at the level of the system itself [24,25].
Therefore, a theory or a “systems science” was developed to be interdisciplinary and cope
with complex phenomena [22]. Historically, many definitions of systems appeared in
the literature. A system is defined as something that pursues objectives in a dynamic
and evolving environment, exerting activity, organizing, and evolving without losing its
identity [23]. A system is an arrangement of interacting elements organized to achieve one
or more defined objectives [26]. In this article, a complex system is defined as the following
aggregated definition: a system is an object, which, in a given environment, aims at
reaching some objectives (teleological aspect) by doing an activity (functional aspect) while
its internal structure (ontological aspect) evolves through time (genetic aspect) without
losing its own identity [15,23,27].

With complex systems, the use of traditional analytical tools shows its limitations [28].
The increasing complexity of systems raises the question of their control and, more gener-
ally, the competitiveness of enterprises in terms of capacity to analyze the architecture with
the means of “systems engineering” and the definition of innovative methods and frame-
works which can permit to understand and better manage the complexity of organizational
systems. These innovative approaches’ objective is not to try to describe and understand
the system entirely (since it is impossible with complex systems as has long been stated [29])
but to provide managers with additional frameworks and vision that can reduce unclarity,
ambiguity, and uncertainty regarding the complex system’s knowledge [30].

2.2. Projects as Complex Systems

“Nowadays, projects are dealing with growing complexity in both their structure and
context. Project managers have to take into consideration a wide variety of parameters
such as environmental, social, safety, security, and a growing number of stakeholders, both
inside and outside the project, as well as the organizational and technical complexities, to
evaluate project complexity” [31]. The increasing size, the more demanding scope, and
the more challenging technical aspects of projects led to a radical increase in complex
projects [32].

In this overall global context, projects can be more than ever considered as complex
systems [33], given the definition used in this article. Indeed, a project exists within a
specific environment and aims at reaching objectives given this context (teleological aspect).
It has goals in a dynamic environment and evolutionary context. These goals are engaged
and organized around actors that change and evolve without losing the project identity. A
project has to accomplish a network of activities using some methods and methodologies
(functional aspect). A project has an internal structure composed of resources, deliverables,
tools, workers, etc. (ontological aspect). Finally, a project evolves through time, via resource
consumption, product delivery, members’ changes, and gain of experience, without losing
its own identity (genetic aspect). A project indeed uses resources, means, and skills that are
usually placed under different authorities (organizational units). These resources, methods,
and skills must be coordinated to achieve project objectives. Project complexity is not just
related to technical complications. It is also a matter of organizing and motivating actors to
make diverse resources that sometimes have highly divergent interests work together [34].
Significantly, complexity has recently increased in projects, often due to coordination issues
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among stakeholders, often having different (or even conflicting) interests or changes in
laws and regulations [35].

All things considered, and remembering the words of Simon, who mentioned that
“complex systems will evolve from simple systems much more rapidly if there are stable
intermediate forms” [15], the behavior of a project is difficult to predict, control, and
understand at every moment. The reality of perception is, in essence, uncertain, unfinished,
and incomplete. Consequently, “complexity is often quoted as an independent variable
that challenges the utility of traditional project management tools and techniques” [36].
Complexity indeed limits the applicability of best practice tools and methods, which
decreases the performance of the project and its outcomes [37]. Therefore, innovative
systems thinking-oriented approaches should be used for complex project management.

2.3. Research Questions

Project complexity is thus an essential criterion in selecting an appropriate project
organizational form; it influences the selection of project inputs, e.g., the expertise and
experience requirements of management personnel, and it affects the project objectives
of time, cost, and quality. Generally, the higher the project’s complexity, the greater the
time and cost [13]. This paper aims at answering the following research questions to
develop the framework and the score sheet to evaluate project complexity: Which factors
make a project more complex? Which classification of these factors is more valuable for
industry applications? What could be the benefits of an evaluation of project complexity?
Which method can be used to perform this evaluation efficiently in industrial project
environments?

3. Research Methodology

This section introduces first the process followed to answer our research questions;
thus, details step 1.

The process consists of three main steps, related to preparation, construction, and
test/validation, as in [38,39].

e  Step 1: Selection of an appropriate multi-criteria evaluation method to assess project
complexity based on a framework for multi-criteria method selection.

e  Step 2: Construction of a project complexity framework using an extensive academic
state of the art (Section 4.1) and industrial practitioners’ interviews (Section 4.2).

e  Step 3: Development of a structured framework (Section 5), tested on real industrial
projects (Section 6).

Describing and evaluating project complexity more properly could permit some non-
exhaustive direct benefits, as shown in Figure 1.

3.1. Selection of a Framework-Based Evaluation Principle for Project Complexity

In addition to a new project complexity framework, this work’s final deliverable is a
proposal for a project complexity measure.

According to Wood and Ashton [40], “being able to measure the complexity at an early
stage in a project will lead to a better understanding of the project and, therefore, could
be of great benefit in successfully managing projects and reducing the risks associated
with complexity.”

Several authors in the literature tried to define complexity measures to explain project
failures, identify intricate situations, understand better project complex phenomena, and
help decision-making. These measures can be classified into four categories: information-
based approaches, parametric approaches, project network-based approaches, and project
complexity framework-based approaches.
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Figure 1. Benefits of measuring project complexity.

First, information-based approaches mostly use Shannon’s theory of information as
a way to evaluate project complexity, using the concepts of entropy and loss of informa-
tion [41]. On their side, parametric methods use a mathematical formulation to assess
project complexity using different project parameters (such as the number of tasks, the
number of interrelations, etc.), like [42] or [43]. These methods are relatively simple and
easy to use for industrial practitioners, but they reduce project complexity to a very limited
number of parameters [44].

The third category is one of the project network-based approaches. These approaches
model a complex project into networks of interconnected elements, most often oriented
graphs (of activities, resources, etc.). Once the project model is chosen and built, a com-
plexity measure is built to assess the model’s complexity. These approaches hypothesize
that the model’s complexity gives a good idea about the project’s complexity. Some of
these measures are notably based on early works by Kaimann [45] and Davis [46]. Vidal
gives several examples of such project network-based approaches in his Ph.D. thesis [47],
like [48,49] or [50]. A more recent work tried to measure complexity through task and
organization models and the measure of hidden work to reflect project complexity [51].
Even more recent work proposed a distance measure based on models of a project, such
as the works of Ellinas et al. [36]. They use the project activities adjacency matrix and a
distance measure to evaluate project complexity. Suppose all these works deserve attention
from the view of this article. In that case, these measures fail to encompass the real com-
plexity of a project by focusing on a model of some elements of the project and neglecting
essential factors to project complexity (interdependencies with the project environment,
etc.). They also need a reasonable amount of information to be known about the project
and a certain level of expertise from the project team; otherwise, the models will not be
done appropriately and thus, the evaluation will not make sense. That means they are not
adapted to non-mature organizations or the early stages of a complex project’s life.

Finally, the last category is one of the project complexity framework-based approaches.
These methods use a framework of project complexity factors or sources combined with a
multi-criteria evaluation methodology to obtain an absolute or relative project complexity
measure. Such models include the ones of Owens et al. [52,53] or [54], which use different
numerical and graphical representations to highlight complexity sources and give project
complexity scores. They also sometimes include a sensitivity analysis to study the robust-
ness of their evaluations. Generally, these sensitivity analyses are only gradient sensitivity
analyses that are known to be unsatisfying in complex contexts. However, these works
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provide excellent visions for project complexity evaluation from the point of view of this
article, since they try to encompass many aspects (structural and contextual) since they
refer to project complexity frameworks which are built using a systems approach.

3.2. Selection of a Multi-Criteria Evaluation Method

Based on project complexity measurement, we aim to provide a complete ranking
of projects with quantitative measures, which could be used for project selection or for
applying specific risk management actions. To perform the project complexity measure-
ment, we need to consider different quantitative weights of several complexity categories
and numerous complexity factors (90 factors). Furthermore, project managers know their
industrial context and know to differentiate if a factor contributes to complexity or not
(there are no uncertainty concerns in the decision-maker’s preferences). Still, there is an
uncertainty in the differentiation between multiple levels of contribution to complexity
(uncertainty on both weights of criteria and the criterial performance of alternatives).

Multi-criteria decision analysis (MCDA) methods involve finding the best opinion
from all feasible alternatives in the presence of multiple, usually conflicting, decision
criteria. Priority-based, outranking, distance-based, and mixed methods are the primary
approaches [55].

Roy specified that selecting the appropriate MCDA method has a vital impact on the
solution of a decision problem [56]. The improper application of a MCDA method dimin-
ishes the quality of recommendations since different MCDA methods provide inconsistent
outcomes [57].

To determine an appropriate MCDA method, Watrébski and his co-authors developed
a methodological framework [57]. They provided nine descriptors to evaluate the problem
and select the most suitable method from a set of 56 available MCDA methods. The
nine descriptors are (1) has weights? (2) weight types, (3) scale, (4) has uncertainty?, (5)
uncertainty type, (6) data uncertainty type, (7) preference uncertainty type, (8) topic, and
(9) ranking type.

In this study, we applied the methodology developed by Watrobski et al. (2019) with the
following answers for the nine descriptors: (1) yes has weights, (2) quantitative weights, (3)
quantitative scale, (4) yes, has uncertainty, (5) uncertainty in the input, (6) data uncertainty in
criteria and variants, (7) no preference uncertainty, (8) ranking and choice, and (9) complete
ranking. The Watrobski framework shows that the fuzzy technique for order preference by
similarity to ideal solution (fuzzy TOPSIS) method is a suitable and appropriate method for
our study.

TOPSIS, which aims to rank several alternatives, is based on choosing the alternative
with the shortest distance from the positive ideal alternative and the longest distance from
the negative-ideal alternative [58,59]. It was developed by [59]. Its principle consists in
determining for each alternative a coefficient between 0 and 1 based on the Euclidean
distances between each alternative, on the one hand, and the favorable and unfavorable
ideal solutions on the other hand. An alternative is a so-called ideal favorable if it is farther
from the worst alternative and closest to the best alternative. An alternative is the so-called
ideal unfavorable if it is closer to the worst alternative and further away from the best
alternative [60].

TOPSIS is a simple algorithm that can be run for a vast amount of data. Therefore, it
is useful when numerous alternatives and criteria are involved, which is also due to its
directness and lack of calculation complication, even when faced with a large amount of
data. Moreover, TOPSIS will yield a final result in a net ordering format, which is extremely
close to the ideal solution. In terms of the final ranking, a comparison between the final
scores of each alternative calculated in TOPSIS is performed so that decision-making can
be more flexible. In addition, TOPSIS can simultaneously consider various criteria of the
alternatives with different units [61].

In traditional TOPSIS, the importance of criteria and the performance of each alterna-
tive are determined. However, getting exact data and measuring criteria might be difficult
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because of the subjectivity, uncertainty, and ambiguity during the decision-making process.
According to [62], traditional TOPSIS cannot handle the inherent uncertainty and impreci-
sion in the decision process. It is often difficult to assign a precise performance rating to an
alternative for a decision-maker.

The fuzzy set theory can effectively overcome ambiguity, uncertainty, and imprecision
related to crisp numbers. The merit of using the fuzzy approach is to assign the importance
of criteria and the performance of alternatives by using fuzzy numbers instead of crisp
numbers [63,64].

The fuzzy TOPSIS method was applied in many practical use cases, starting from
selecting a proper supplier for manufacturing, assessing services quality, and ending at
selecting and ranking renewable energy sources, proving that it is extensively implemented
in a wide range of real-world problems. Using fuzzy triangular numbers to evaluate the
projects’ total complexities and compare them allows resolving the vagueness, ambiguity,
uncertainty, and imprecision related to crisp numbers in multi-criteria assessments of
project complexity.

4. Building the Project Complexity Framework
4.1. Literature Review: Understanding the Determinants of Project Complexity

Understanding project complexity is of interest to both practitioners and academics [65].
Explaining a complex system’s behavior requires understanding the variables determining
system behavior more than trying to have a complete model of the complex system [66].
That is why several project complexity frameworks have been developed before. Still,
they either do not encompass all (or most of) the significant aspects and factors of project
complexity or fail to make practical sense for industrial practitioners. Nevertheless, all
these works allow pointing out some of the project complexity factors and possible ways to
organize them. Consequently, the objective here is to identify significant contributions to
the literature about project complexity determinants and synthesize the existing theoretical
and empirical work in a new detailed framework. This new classification will be refined to
consider denominations widely shared between project practitioners, thanks to Section 4.2.

Baccarini defines project complexity as several interrelated diverse parts that can
be operationalized in terms of differentiation and interdependence. “It is proposed that
project complexity be defined as consisting of many varied interrelated parts and can be
operationalized in terms of differentiation and interdependency” [13]. Differentiation is the
number of different items such as tasks, resources, components, interdependence, connec-
tivity, and degree of interrelationships between these elements. However, if the diversity of
parties and their interrelationships are inherent characteristics of project complexity, other
components must be considered [67]. For instance, Williams added notions of volatility
related to the notion of uncertainty [68], suggesting two types of project uncertainties, the
uncertainty of targets and the uncertainty of methods. The concept of uncertainty was also
raised by Baccarini but dismissed as a separate concept of complexity.

In this article, project complexity is defined as “the property of a project which makes
it difficult to understand, foresee and keep under control its overall behavior, even when
given complete information about the project system,” as in [53]. This aforementioned
work proposed to classify project complexity factors into four main categories: size, variety,
interdependency, and context-dependence. This classification is then broken down into
eight categories, thanks to Baccarini’s traditional dichotomy [13]. The final structure is ORG-
size/ORG-var/ORG-int/ORG-cont/TECH-size / TECH-var/TECH-int, and TECH-cont.
This framework can highlight project complexity sources, is reliable, and is independent of
the project models. However, this classification of project complexity factors is non-intuitive
for the final users and thus its benefits are difficult to communicate in an industrial context.

Another project complexity framework is the technical, organizational, and environ-
mental framework [40], which categorizes the complexity of large engineering projects.
In total, 50 elements contributing to project complexity were identified, but only a few
elements about product complexity; therefore, it is still adapting to the new product de-
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velopment projects. Another one proposed a classification of project complexity factors,
separating them into technical and institutional complexity factors [69]. Another model [67]
proposed a classification into five categories: mission, organization, delivery, stakehold-
ers, and team. However, these two last models did not permit to encompass all project
complexity factors identified in other works, such as [53] or [70], notably contextual or
environmental factors.

More recent works include [71], which identified six aspects for project complexity
(socio-political, environmental, organizational, infrastructural, technological, and scope),
or [72], which categorized complexity into technological, organizational, goal, environ-
mental, and cultural factors. Even more recent work proposed to “arrange the complexity
drivers depending on their sphere of influence in a shell model” composed of four cate-
gories: organization, production, resources, and technologies [73].

These models, which are based on extensive reviews of the project management and
project complexity literature, are used as inputs to construct the framework proposed in
this article. Several database (Web of Science, Project Management Institute, ScienceDirect,
etc.) searches were conducted iteratively to retrieve articles related to project complexity
describing and assessment. Search terms included “project complexity,” “complexity
measure,” “complexity management,” “complexity assessment,” “complexity evaluation,”
etc. Eighty journal articles were retrieved and the reference lists of each article were
reviewed in detail to find additional articles. Project complexity factors were retrieved
from these articles and recorded in a table with the associated reference and assessment
method. Then, duplicated items were merged and a question to evaluate each factor was
formulated. Every factor which is present in these pre-existing frameworks is gathered
in this new one. When a factor is present in several of these frameworks but not with
the same denomination, it is regrouped under one reformulation. As a result, a very first
list of project complexity factors is obtained and used as a basis to build a new project
complexity framework.

7o 7o

4.2. Industrial Interviews and Proposals

Large-scale interviews were conducted with forty project engineers in the early stages
of the research to identify the needs and the expectations for the project complexity descrip-
tion and assessment. The years of experience within new-product development projects
of the interviewed experts vary from 7 to 25 years. These experts were from various
departments, such as design, mechanical engineering, vehicle engineering, systems engi-
neering, purchases, logistics, manufacturing, strategy of quality management, and project
management office. The conducted interviews were semi-structured. They consist of
several key questions that help to define the areas of project complexity to be explored.
The interviewer or interviewee was allowed to diverge from pursuing an idea or response
in more detail. This approach’s flexibility allowed the experts to list project complexity
factors and categories based on their own experience. It also allowed the discovery of
the perception of project complexity by project team members from different departments
within the matrix organization.

Moreover, several brainstorming sessions with a constant group of 15 project prac-
titioners were organized. The brainstorming sessions’ contributors’ profile covers large
sides of managerial and technical aspects of the projects. Their profiles include roles such
as program manager, project manager, the responsibility for the development logic of new
vehicles, quality assurance engineer, project planning engineer, project quality engineer,
product/process contract manager, systems engineer, integration responsible, purchasing
manager, logistics manager, risk manager, and leader of product industrialization. All the
project practitioners who have been actively involved throughout the framework develop-
ment have more than ten years of experience. They have been involved in many local and
international projects. The average of their years of experience was 18 years.
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The first brainstorming session was performed to increase the quantity of identified
project complexity factors. All the denominations of factors were also challenged with
that group to ensure they would make sense in industrial environments. As a result, an
updated list of project complexity factors was obtained.

All the identified factors were then merged into one large idea map, and the second
brainstorming session was performed to categorize and classify the identified factors. The
same group of project practitioners proposed a framework to evaluate overall project
complexity factors regrouped into seven different categories: stakeholders, project team,
project governance, product complexity, project characteristics, resources, and environment.
This framework shows (even if it was not needed) that project complexity is, in essence,
a multi-criteria characteristic and that its evaluation thus requires an appropriate multi-
criteria evaluation method.

4.3. A Seven-Category Framework Structure

After identifying the industrial needs and expectations for project complexity assess-
ment, many categories of complexity factors have been identified during the interviews
and the brainstorming sessions. Project practitioners preferred to classify the project com-
plexity factors using familiar terms to their daily work within the company. For instance,
they did not like the classical classification of project complexity factors into categories
related to size, variety, and dependencies. Still, they prefer a classification that makes sense
when they communicate the complexity regulation actions. A brainstorming session was
organized to classify project complexity factors. The 15 project practitioners have divided
the project complexity factors into the following seven categories:

1.  Stakeholders: The multi-type and networked relationships between project stake-
holders are critical elements of the project’s challenges and opportunities. Project
stakeholders are considered the most crucial factor in communication complexity [74].
This complexity is due to the increasing number of potential communication chan-
nels that equal to N * (N — 1)/2, where “N” represents the number of project’s
stakeholders [75].

2. Project team: Project actors must develop products by applying processes, allocating
resources, choosing suppliers, and cooperating with subcontractors. Moreover, their
organizational configurations directly impact the time it takes to develop a product.
More cooperation and communication are necessary among the project team, between
projects, and across stakeholders to better manage complexity-induced risks.

3. Project governance: This is seen as a set of managerial and process complexities.
The increasing complexity of products requires implementing a complex process
organization to their developments. Project governance is a critical step within any
project, especially when dealing with complex and risky ones. The project schedule is
included in this category.

4. Project characteristics: Project characteristics refer to uniqueness, temporary and short
life of projects teams that set up to achieve specific objectives in a unique scope.

5. Product: The variety of functions within the new product increases the design, evalu-
ation, and validation efforts and may assist in changing a product architecture and
the development process. Moreover, requirement changes and a necessary degree of
innovation do not only impact the product and its parts. Still, they may also lead to
overhead costs and affect the coordination between project actors and suppliers [76].
Product complexity is considered the first significant source of complexity in the
design and manufacturing or design and construction projects [77]. It has three main
elements: size (number of product components to specify), interactions (parts inte-
gration), and novelty. Product (structural) complexity is the number of sub-systems
in a product and their inter-relationships, where an inter-relationship can mean, for
example, that changes in the design of one sub-system make cross-impacts and affect
the design of other systems [78]. Project quality is included in this category.
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6.  Resources: The analysis of the project resources must be done in the upstream phase.
Furthermore, resource adjustments are used to address emerging and unexpected
issues and reduce allocated resources to areas that no longer need attention. These
resources contribute efficiently to successful project management. Projects having
a greater degree of resource flexibility have higher levels of project execution suc-
cess [14]. Project cost is included in this category.

7. Environment: The concept of complexity has recently gained prominence in envi-
ronmental sustainability research [79]. Projects delivered in complex environments
are often late, over-budget, and provide fewer benefits than expected. Furthermore,
increasing environment complexity (competitiveness, regulations, requirements, and
customers’ satisfaction) requires an attractive level of project delivery, e.g., a necessary
level of customization and complexity. These elements evolve during the project and
trigger changes in requirements.

This specific collection of identified project complexity factors allows for an in-depth
understanding of the complexity propagation since project practitioners have widely used
these denominations. Implementing complexity regulations’ strategy to these categories
allows the management of complexity-induced risks.

4.4. Illustration of Project Complexity Framework Factors for Two Categories

This section presents the framework which regroups the project complexity factors
into seven categories: stakeholders in Table 1, project team/actors in Table 2. The remaining
framework categories are presented in Appendix A: project governance in Table A1, project
characteristics in Table A2, product in Table A3, resources in Table A4, and environment
in Table A5.

Table 1. Complexity factors related to the stakeholders.

Evaluate the Contribution of Each Factor Assistance in Assessing:

companies

contribute to project complexity?

Stakeholders from 1 (Very Weak) to 5 (Very Strong). You Can Think of: Sources
To what extent does the number of How manv stakeholders are
1. Number of stakeholders stakeholders contribute to project there? y [53,67,71,75]
complexity? ’
5 Number of investors To what extent does the number of How many investors are [80,81]
’ investors contribute to project complexity?  there? !
3 Varietv of the To what extent does the variety of the
’ stakeh};l ders’ status stakeholders’ status contribute to project Suppliers’ status variety [53,81]
complexity?
4. Variety of the interests of TO what extent does the variety Of, the Are there competing priorities
interests of the stakeholders contribute to [53,81]
the stakeholders . . of stakeholders?
project complexity?
5. The geographic location of ~ To what extent does the geographic
stakeholders (and their location of stakeholders contribute to [53,81,82]
mutual disaffection) project complexity?
Interdependence between  To what extent does the interdependence
P p
sites, departments, and between sites, departments, and companies [53,81]
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Table 1. Cont.

Stakeholders Evaluate the Contribution of Each Factor Assistance in Assessing;: Sources
from 1 (Very Weak) to 5 (Very Strong). You Can Think of:
To what extent do the stakeholders’ What is the number and
7. Stakeholders . . . . .
. . interrelations contribute to project nature of dependencies on [53,81,82]
interrelations .
complexity? other stakeholders?
8. Political influence To wt}at extent df)es the pOlltlf:al influence [70,71]
contribute to project complexity?
To what extent does the trust level between
9.  Trustlevel between . :
stakeholders contribute to project [70,83,84]
stakeholders ;
complexity?
To what extent does the subcontractors’ What is the percentage of the
10.  Subcontractors . . ) . .
. . . involvement in the project contribute to project’s work done by the [85]
involvement in the project . .
project complexity? subcontractors?

11. Manufacturer—supplier

To what extent does the
manufacturer-supplier relationship Brainstorming

lationshi . ; .
relationsiip contribute to project complexity?
Table 2. Complexity factors related to the project team.
Proiect Team/Actors Evaluate the Contribution of Each Factor Assistance in Assessing: You Sources
) from 1 (Very Weak) to 5 (Very Strong). Can Think of:
1. Staff quantity To what extent df)es the staff quantity Number of actors involved in the [53,82]
contribute to project complexity? project

2. Number of interfaces in the
project organization

To what extent does the number of
interfaces in the project organization [53,86]
contribute to project complexity?

3. Number of hierarchical
levels

To what extent does the number of

4. Number of departments
involved

hierarchical levels contribute to project [53,81]
complexity?

To what extent does the number of

departments involved contribute to project [53,81]
complexity?

5. Number of
structures/groups/teams to
be coordinated

To what extent does the number of
structures/groups/teams to be coordinated [53,81,86]
contribute to project complexity?

6.  Team cooperation and
communication

Does a communication plan exist
in the project? Is the project
manager an effective
communicator?

To what extent do the cooperation and
communication inside the team contribute
to project complexity?

[53,81,82]

7. Variety of organizational
interdependencies

To what extent does the variety of
organizational interdependencies [53,86]
contribute to project complexity?

8. Variety of hierarchical levels
within the organization

9.  Diversity of staff
(experience, social
background, etc.)

To what extent does the variety of How does the variety of
hierarchical levels within the organization  hierarchical levels influence the [53,86]
contribute to project complexity? project?

What differences are there
To what extent does the diversity of staff between the people involved in [53,36]
contribute to project complexity? the project, which may lead to !

conflicts and misunderstandings?
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Table 2. Cont.
Proiect Team/Actors Evaluate the Contribution of Each Factor Assistance in Assessing: You Sources
) from 1 (Very Weak) to 5 (Very Strong). Can Think of:
10.  Variety of skills needed To what exter}t does the Yarlety of skl'lls? Does jche p1"0]£'ect'mv?)lve multiple [53,67]
needed contribute to project complexity? technical disciplines?
11. Interdependencies between To what extent do th? 1nterdeper}denc1es Number and nature of
between actors contribute to project . . [53,81]
actors complexity? interdependencies between actors
12.  Dynamic and evolving team To w}}at extent does the dynamlc and Is the team structure changing
evolving team structure contribute to during th . [53]
structure roiect lexity? uring the project?
project complexity?
13, Relations with permanent To what extent do the relations with
' oreanizations P permanent organizations contribute to [53,86]
& project complexity?
14.  Level of trust between To what extent does the hf:vel of trust Do you trust the project team
actors of the project team between actors of the project team members? [70]
contribute to project complexity? ’
15.  Experience and skills of To what extent do the experience and skills
' tea}r)n members of team members contribute to project [67,87]
complexity?
16. Leadership, authority, To what extent do the project manager’s .
technical /I;nanageria}{ leadership, authority, fnd] i Ezgiﬁgﬁjprﬁéi&ﬁz?aagrz have [67,87]
expertise of the project technical/managerial expertise contribute b . !
p proj & P managerial expertise?
manager to project complexity? ’
How many overlapping office
17.  Overlapping office hours To what extent do the overlapping office hours does the project have [70]

hours contribute to project complexity?

because of the different time
zones involved?

Please refer to the appendix for Table Al (Project Governance), Table A2 (Project

Characteristics), Table A3 (Product), Table A4 (Resources), and Table A5 (Environment).
After proposing the framework of project complexity factors, it is tested on real industrial
projects in the following section.

Every project is unique. Therefore, it is recognized that there may be exceptional
situations in some projects, which are not covered by the factors identified in this frame-
work. Based on the literature review, expert interviews, and brainstorming sessions, it
was accepted that all of the identified project complexity factors had some effect on project
complexity. However, some were identified as having a more significant impact than others,
such as variety of the interests of the stakeholders, team cooperation and communication,
organizational degree of innovation, alignment of objectives, number of subsystems and
their integration complexity, change of specifications, flexibility of project budgets, and
partnership and multi-firm alliances.

5. Evaluation of Project Complexity Using the Framework and the Fuzzy
TOPSIS Method

5.1. Short Description of Fuzzy TOPSIS (Fuzzy Technique for Order Preference by Similarity to
Ideal Solution) to Assess Project Complexity

Ref. [88] first introduced the fuzzy sets theory to resolve the vagueness, ambiguity,
and subjectivity of human judgment. Fuzzy approaches have been successfully applied
within various scientific domains to assess risks and vulnerabilities [89]. The steps of fuzzy
TOPSIS to assess several projects” project complexity are listed in the following Figure 2.
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*Selections of projects/alternatives to be assessed

eSelection of evaluation criteria

*Selection of fuzzy linguistic variables and membership
functions J

* Aggregate the criteria weight

¢ Construct the fuzzy decision matrix

*Normalize the fuzzy decision matrix

¢ Construct the fuzzy weighted normalized decision matrix

*Determine the fuzzy positive ideal solution (FPIS) and the
fuzzy negative ideal solution (FNIS) )

e Calculate the distance of each alternative from the FPIS and
FNIS J

e Calculate the closeness coefficient of each alternative

C€C€EECECEEEE

*Rank the alternatives according to the closeness coefficient

Figure 2. Fuzzy technique for order preference by similarity to ideal solution (TOPSIS) steps to assess
project complexity of several projects.

In Appendix B, we present some basic definitions related to the fuzzy sets theory, and
the mathematics concepts of fuzzy TOPSIS according to [90-92].

Figure 3 represents a series of triangular membership functions for the Likert scale
from 1-5. The X-axis displays the input variable, Likert scale value, and the Y-axis denotes
the membership degree.

Mermership
value

N

Very Weak Weakor  Medium Strong or Very Strong
or Low Low High or High

>~
e

Likert value

Figure 3. Series of triangular membership functions for the Likert scale from 1-5.
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By using triangular fuzzy functions, we consider the vagueness and ambiguity of
verbal interactions in Likert evaluations. In project complexity evaluation surveys, re-
spondents provide ambiguous and vague answers. While vagueness is associated with
the difficulty of making sharp or precise distinctions in the world, ambiguity is related to
situations having two or more unspecified alternatives.

A systematic approach for evaluating the project’s complexity by using fuzzy TOPSIS
is proposed in Appendix B. Seven categories are used to determine the complexity of
projects: (C1) project governance, (C2) project characteristic, (C3) product, (C4) project
team/actors, (C5) stakeholders, (C6) resources, and (C7) environment. These categories
include several factors changing from 8 to 17.

The linguistic variable might be adopted to provide approximate characterization
when conventional quantitative terms are complex or ill-defined [93]. Decision-makers
(DM) can evaluate both the importance weights of criteria and the preference of each
alternative by using linguistic variables. Tables 3 and 4 show linguistic variables that are
defined by positive triangular fuzzy numbers.

Table 3. Linguistic variables for the rating.

Linguistic Variable Likert Scale Triangular Number
Very weak 1 (1;1,2)
Weak 2 (1,2;,3)
Medium 3 (2;3;4)
Strong 4 (3:4;5)
Very strong 5 (4;5;5)

Table 4. Linguistic variables for the importance weight of category and factor.

Linguistic Variable Likert Scale Triangular Number
Very low 1 (0;0.2;,0.4)
Low 2 (0.2,0.4;0.6)
Medium 3 (0.4;0.6,0.8)
High 4 (0.6;0.8;1)
Very high 5 (0.8;1;1)

5.2. Application to Vehicle Development Projects

Automotive development is both challenging and fascinating, technically and organi-
zationally as well. This development is achieved by integrating separate components into
a complete vehicle, as well as orchestrating the cooperation of thousands of individuals
from various companies, professions, and cultural and social backgrounds, to optimize
and achieve economic and technical objectives. This section presents key features in the
vehicle development projects, current applications of the project complexity framework,
and its benefits in the industrial context.

A new vehicle development project is a complex system composed of hundreds of
interrelated activities, deliverables, actors, and risks (years of development, budgets of tens
to hundreds of millions of euros) [94]. Moreover, the complexity of the final deliverable, the
vehicle, makes the project far more complex since each decision, whether on the product or
project parameters, may influence other dimensions (respectively, project or product). This
kind of heterogeneous interrelation is increasingly difficult to anticipate and to manage [95].

Figure 4 shows the key features of vehicle development projects divided into four
classes that drive forward the required effort and the development time: design level,
design content, innovation level, and number of options and versions.
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Design level

e Complete redesign

e Derivative design

e Variant design

e Model updates

e A model year project

Options and versions Design content

¢ Number of options e Body size and number
offered in a vehicle ¥ of body styles

e Average selling price Features of vehicle e Powertrain complexity
e Expected unit sales development projects o Number of parts
volume o Number of electronic

o Emission level control units

o Crash standards e Software complexity

o Safety features

Innovation level

e Technical innovation

¢ Organizational
innovation

e The degree of change to
the platform

e Innovation in
manufacturing process

Figure 4. The key features of vehicle development projects.

The typical car contains about 2000 functional components, 30,000 parts, and 10 million
software code lines [96]. Thus, to achieve the development of a new vehicle, designers and
engineers must choose between a variety of product components, interior, and exterior
trim levels, engine-body combinations, innovation degrees of parts, and in the process of
manufacturing of each piece, the role of suppliers (make-buy decisions), and carryover
parts from predecessor models. These decisions must be made quickly while still adhering
to certain factors, such as keeping milestones, maintaining profitability, and respecting
the customer’s quality expectations. As a consequence, they have a significant impact
on project performance and product complexity. Furthermore, the level of suppliers’
involvement and the use of carryover parts influence the volume of engineering work to
be done internally, then the project complexity [76]. As a result, this impacts profitability,
lead time, and total product quality [85].

Several authors in the literature tried to define complexity measures to explain project
failures, identify intricate situations, better understand project complex phenomena, and
help decision-making. Indeed, such a measure is notably meant to assist decision-makers
before engaging their projects/portfolios into too difficult situations since too early de-
cisions when facing complex and uncertain situations often fail to deliver the targeted
performance. There exist six essential criteria to determine the complexity measure quality,
according to [49]. These criteria are validity, reliability, computability, ease of implemen-
tation, independence, and intuitiveness. Generally, the survey research scales may vary
from two to ten points or more. Two- or three-point scales are infrequently utilized because
they offer insufficient choice. Furthermore, seven- to ten-point scales, while they provide
a finer degree of discrimination, are rarely used because it is questionable as to whether
respondents can differentiate enough to make them valuable. Therefore, researchers have
generally settled using four- or five-point scales for satisfaction research. Using a four-point
scale can be effectively discriminate between satisfied and unsatisfied respondents because
there is no neutral or middle option. However, some researchers [97] argue that such a clear
division may cause hesitation for respondents who are neither satisfied nor dissatisfied
regarding survey items. Moreover, the respondents often choose a positive response with-
out a midpoint option, which affects the accuracy and creates positively skewed data. For
these reasons, the five-point scale is utilized in this article. The score sheet is designed to be
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a practical way of customizing the factors and their weights. It also has a visual reporting
mechanism using a spider diagram. Spider diagramming is widely used within the project
management domain, especially in the work of [98] with project maturity, where similar
profile models were developed using different categories. This score sheet is designed to
provide early warning signs of factors with a high contribution to the project’s complexity,
along with the possibility of comparing and contrasting other projects. A customized
version with criteria related to the specificities of a vehicle development project of an
auto manufacturer was used; a brainstorming procedure was applied in order to weigh
each framework and factor inside each category as explained in Table 4. In the evaluation
process, experts could evaluate the contribution of each factor on project complexity from
“very weak” (1) to “very strong” (5), as mentioned in Table 3.

The increase of complexity in vehicle development projects has changed the project
structure from hierarchical to network structured. This framework was tested on several
vehicle development projects within the auto manufacturer. A complexity comparison
between several vehicle development projects was conducted. For instance, Project X
developed an electric vehicle, and Project Y developed a newly designed thermal car. An
example of a product complexity factor is technological innovation with cost constraints,
requiring a greater level of engineering skills. In the electric vehicle project, more than
sixty innovation patents were deposited. The interdependence of components made
implementing the electrical technology more challenging because the parts handling,
joining, and fastening were very exigent on a sub-system or vehicle level. The new design
features and increased degree of customization have increased the demand for creativity
during the thermal car project.

An example of environmental complexity factor is offering more environmentally
friendly vehicles like the zero-emission electric cars and reduced emission thermal cars with
the constraints imposed by the recharging infrastructure of electric vehicles that trigger
rigorous technical requirements on the developed vehicles. An example of stakeholders’
factors is the challenges and opportunities for vehicle development projects associated with
multi-type and networked relationships between these projects and their various stakehold-
ers. Moreover, the international dimension of the projects (developed and industrialized in
different countries) increases project coordination complexity. The manufacturer—supplier
relation and suppliers’ geographical localization must be anticipated because they directly
impact the project delay [99].

5.3. Applying Fuzzy TOPSIS Method to Measure Complexity of Vehicle Development Projects

In this section, the fuzzy TOPSIS method is used to sort some vehicle projects based
on their complexity. In this case, the criteria are the categories of the project complexity
framework (C1: project governance, C2: project characteristics, C3: product, C4: project
team/actors, C5: stakeholders, Cé6: resources, C7: environment). The alternatives, in this
case, are project P1, project P2, and project P3. In this case, the number of alternatives is
three, and the number of criteria is seven.

The criteria (complexity categories) have different weights, as described in Table A6
in Appendix A. These weights are highly dependent on the type of project. These weights
show the importance of each criterion in the decision-making procedure. In real applica-
tions, these weights should be determined by the project manager, who evaluates how
much each criterion affects the complexity of the project in a linguistic description (from
very low to very high, as described in Table 4). Inside each category, the project manager
assesses how much each factor affects its category’s complexity in a linguistic description
(from very low to very high, as described in Table 4). After collecting the data concerning
the criteria weights and factors weights, the project manager gives the rating of all factors
in a linguistic description (from very weak to very strong), as illustrated in Table 3.
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This empirical study followed the below seven steps to compare project complexity

using the fuzzy TOPSIS method.

Step 1. Determining the appropriate linguistic variables for the rating and the impor-
tance weight of category and factor, as shown in Tables 3 and 4.

Step 2. Evaluating WFE, we;, and DX matrices by using Equations (A6)—(A8) in
Appendix B. Table A7 in Appendix A shows the weighting of the complexity factors
(WF) depending on linguistic variables and weights. Table A8 in Appendix A shows the
rating of all complexity factors for three projects (D¥), depending on linguistic variables

and weights.

Step 3. Calculating the fuzzy weighted average matrix ({/Vk) for each project k by
applying Equations (A9) and (A10) in Appendix B. Table 5 shows the weighted average of

fuzzy ratings and fuzzy factor weights.

Table 5. Weighted average of ratings and factor weights.

Categories Projects Fuzzy Number
P1 (0.96;1.66;2.23)
C1: Project governance P2 (1.18;1.99;2.41)
P3 (1.08;1.87;2.41)
P1 (0.69;1.27;1.82)
C2: Project characteristics P2 (0.74;1.33;1.88)
P3 (0.69;1.27;1.82)
P1 (0.96;1.72;2.24)
C3: Product P2 (1.24;2.07;2.53)
P3 (1.01;1.78;2.29)

P1 (0.68,1.36;2)
C4: Project team/actors P2 (0.82;1.54;2.12)
P3 (0.73;1.42;2.06)
P1 (0.52;1.09;1.71)

C5: Stakeholders P2 (0.73;1.36;2)
P3 (0.56;1.15;1.76)

P1 (0.71,1.4;2)

Cé6: Resources P2 (0.8;1.52;2.06)
P3 (0.75;1.46;2.06)
P1 (0.79;1.49;2.06)

C7: Environment P2 (1.19;2,2.41)
P3 (0.96;1.72;2.29)

Step 4. Calculating the normalized weighted matrix (R) by applying Equations (A11)~(A13)

in Appendix B. Table 6 shows the normalized fuzzy matrix.
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Table 6. Normalized weighted average f ratings and factor weights.

Categories Projects Fuzzy Number
P1 (0.38;0.66;0.88)
C1: Project governance P2 (0.47;0.79;0.95)
P3 (0.43,0.74,0.95)
P1 (0.27;0.5;0.72)
C2: Project characteristics P2 (0.29;0.53;0.74)
P3 (0.27;0.5;0.72)
P1 (0.38,0.68;0.88)
C3: Product P2 (0.49;0.82;1)
P3 (0.4;0.7,0.91)
P1 (0.27;0.54;0.79)
C4: Project team/actors P2 (0.33;0.61,0.84)
P3 (0.29,;0.56;0.81)
P1 (0.2;0.43;0.67)
C5: Stakeholders P2 (0.29;0.54;0.79)
P3 (0.22;0.46;0.7)
P1 (0.28;0.55;0.79)
C6: Resources P2 (0.32;0.6;0.81)
P3 (0.3;0.58;0.81)
P1 (0.31,0.59;0.81)
C7: Environment P2 (0.47;0.79;0.95)
P3 (0.38,;0.68;0.91)

Step 5. Constructing the weighted normalized fuzzy matrix (Y) by multiplying cate-
gory weights with normalized matrix by using Equations (A14) and (A15) in Appendix B.
Table 7 shows the weighted normalized matrix.

Table 7. Weighted with fuzzy category weights.

Categories Projects Fuzzy Number
P1 (0.31;0.66;0.88)
C1: Project governance P2 (0.37;0.79;0.95)
P3 (0.34;0.74,0.95)
P1 (0.22;0.5;0.72)
C2: Project characteristics P2 (0.23,;0.53;0.74)
P3 (0.22;0.5;0.72)
P1 (0.31;0.68;0.88)
C3: Product P2 (0.39;0.82;1)
P3 (0.32;0.7;,0.91)
P1 (0.22;0.54;0.79)
C4: Project team/actors P2 (0.26;0.61;0.84)
P3 (0.23;0.56;0.81)
P1 (0.16;0.43;0.67)
C5: Stakeholders P2 (0.23;0.54,;0.79)
P3 (0.18;0.46;0.7)
P1 (0.22;0.55;0.79)
C6: Resources P2 (0.25;0.6;0.81)
P3 (0.24;0.58;0.81)
P1 (0.19;0.47;0.81)
C7: Environment P2 (0.28,0.63;0.95)

P3 (0.23;0.54;0.91)
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Step 6. Determining the fuzzy positive ideal solution (FPIS) and the fuzzy negative
ideal solution (FNIS) by using Equations (A16) and (A17) in Appendix B. Later, calculate
each alternative’s distances to positive and negative ideal solution by Equations (A18) and
(A19) in Appendix B. Table 8 shows the distance of each project category to FPIS and FNIS.

Table 8. Distances of each project categories to fuzzy positive ideal solution (FPIS) and the fuzzy
negative ideal solution (FNIS).

Categories Projects d+ d—

P1 0.45 0.66

C1: Project governance P2 0.38 0.75
P3 0.41 0.72

P1 0.56 0.52

C2: Project characteristics P2 0.54 0.54
P3 0.56 0.52

P1 0.45 0.67

C3: Product P2 0.37 0.78

P3 0.43 0.69

P1 0.54 0.57

C4: Project team/actors P2 0.49 0.62
P3 0.52 0.59

P1 0.61 0.47

C5: Stakeholders P2 0.53 0.57
P3 0.60 0.49

P1 0.53 0.57

C6: Resources P2 0.50 0.60

P3 0.51 0.59

P1 0.57 0.55

C7: Environment P2 0.47 0.68
P3 0.52 0.62

Step 7. Computing the closeness coefficient index (CCI) of each project by using
Equation (A20) in Appendix B.

The result shows that P2 has the highest CCI value. The complexity of project 2 is the
highest compared to alternative projects. Table 9 shows the ordering results.

Table 9. Ordering Results.

Projects d+ d— CCI Ranking
P1 3.71 4.01 0.52 3
P2 3.28 4.53 0.58 1
P3 3.55 4.23 0.54 2

Instead of crisps numbers, linguistic variables are adopted to determine the weights
and the rankings. The relative closeness coefficient is calculated, and ranking is determined.

Table 10 shows the weighted ranking values for each project, and highlight the com-
parison between categories.
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Table 10. Project category weighted rankings.
Categories a b c Fuzzy Number
Project 1
C1 0.31 0.66 0.88 (0.31;0.66;0.88)
C2 0.22 0.50 0.72 (0.22;0.5;0.72)
C3 0.31 0.68 0.88 (0.31,;0.68;0.88)
C4 0.22 0.54 0.79 (0.22;0.54;0.79)
C5 0.16 0.43 0.67 (0.16;0.43;0.67)
Cé6 0.22 0.55 0.79 (0.22,;0.55;0.79)
c7 0.19 0.47 0.81 (0.19;0.47,0.81)
Project 2
C1 0.37 0.79 0.95 (0.37;0.79;0.95)
C2 0.23 0.53 0.74 (0.23;0.53;0.74)
C3 0.39 0.82 1.00 (0.39;0.82;1)
C4 0.26 0.61 0.84 (0.26;0.61;0.84)
C5 0.23 0.54 0.79 (0.23;0.54;0.79)
Cé6 0.22 0.55 0.79 (0.22;0.55;0.79)
(ev4 0.28 0.63 0.95 (0.28;0.63;0.95)
Project 3
C1 0.34 0.74 0.95 (0.34;0.74,;0.95)
C2 0.22 0.50 0.72 (0.22;0.5;0.72)
C3 0.32 0.70 0.91 (0.32;0.7;,0.91)
C4 0.23 0.56 0.81 (0.23;0.56;0.81)
C5 0.18 0.46 0.70 (0.18;0.46;0.7)
C6 0.24 0.58 0.81 (0.24;0.58;0.81)
Cc7 0.23 0.54 0.91 (0.23;0.54;0.91)

Since project P2 is more complex than the other projects, the effect of categories is also
investigated in Figure 5.

cacsc4cy C1C3

EATA

0.5

Figure 5. Fuzzy numbers of Project 2 categories.

The probabilistic (probability degree-based) approach is applied in the paper to order
fuzzy numbers. It is based on the o—cuts representation of fuzzy numbers since it can
be used regardless of the membership function type. As [100] suggested, the order of
triangular fuzzy number is calculated with the below formula:

Let M = (a1, b1, c1) and N = (az, by, c2) be two triangular fuzzy numbers,

(c1 — )
2% (c1—ay)(co —az)

P(N > 1\71) —1- )

The effect of the complexity of category 3 has a higher probability than other categories.
With a probability of 0.56, category 3 has more effect on project complexity than category 1.
Table 11 shows the result of the category comparison.
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Table 11. Category comparison of triangular fuzzy numbers.

Pair Probability Comparision
Cs, Cq 0.56 C3>C
Cs, G, 0.80 C3>Cs
C3,Cy 0.71 C3>Cy
Cs, Cs 0.77 C3>Cs
C3, Co 0.77 C3>Cq
Cs, Cy 0.62 C3>Cy

Finally, the conclusion of this problem is that project P2 is the most complex project of
the three projects, and project P1 is the project with the smallest global complexity. Project
P1 is the development of a new version of a small family car produced by the automotive
manufacturer since 2000. Project P2 is the development of a new electric vehicle, whose
technical content and architecture include many innovations. Project P3 is the development
of a new vehicle based on a new master schedule-timeline that has not been proven on
a previous project. The obtained results are close to the project stakeholders” perceived
complexity because the electric vehicle has more technical and architectural innovations
than the other projects.

Moreover, project P3 is perceived as more complex than project P1 because P3 is based
on a novel process and schedule while P1 is a classical project without many innovations.
Measuring project complexity permits us to understand what the principal areas of com-
plexity are. This measurement helps project managers to link the complexity rating system
to decide on the level of proactive actions needed. For instance, we can highlight projects
in a portfolio that need particular attention and monitoring or highlight areas and zones
inside the project that require a specific analysis and monitoring. These final results permit
the realization of a ranking of projects according to a complexity scale/index (from 0 to 1),
as shown in Table 10.

5.4. Interpretation of Results

The existence of a relative numerical evaluation of project complexity within a project
portfolio appears to be promising since it permits to know which projects are to be the
most complex ones, but also how complex projects are. The definition of project complexity
scores within a portfolio is now considered as a way to generate discussions within teams
with an array of future possibilities, for instance, defining a threshold value (or three
threshold values since dealing with fuzzy numbers) over/below which projects could be
rejected /accepted (notably given the experience and project maturity of the firm). As a
whole, such an approach promotes greater collaboration and experience sharing as the
differences between a priori complexity rankings and the ones obtained after complexity
evaluation appeared to be mostly the consequence of some communication problems and
psychological barriers. The case study indeed pointed out a tendency to a priori over-
assessment of some projects’ complexity level due to miscommunication and fear/risk
aversion. The use of an unbiased method to calculate a complexity score within a project
portfolio or areas of a same project such as the fuzzy TOPSIS one presented here permits to
facilitate discussions and reach greater consensus when dealing with project complexity-
driven issues.

As project complexity increases, higher communication frequencies will be needed
to achieve optimal performance, such as email occurring at the lowest communication
frequency, phone communication next, and face-to-face (personally) communication at
the highest [101]. This method requires a very accurate design of the various candidates’
score matrix concerning the multiple criteria. Furthermore, accurate information about the
weights assigned to each criterion plays a crucial role.
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6. Conclusions

This research’s proposed complexity model is validated by project practitioners and
the literature review, reliable, computable, independent, intuitive, and user friendly. There-
fore, according to [49], this model fits a project complexity measurement tool.

The framework presented in this article shows how the theory of project complexity
assessment can be applied to vehicle development projects. The testing was done retro-
spectively on completed projects, and testing on a significant number of ongoing projects
is essential to ensure that the framework functions appropriately. Using this framework
during the project’s upstream phase reports interesting indicators to project practitioners.
Consequently, some complexity-related issues can be anticipated. Due to the dynamic
aspects of each project, real-time testing and analysis between milestones would be re-
quired. The limitation of this study is not testing the measurement model within several
industrial sectors.

The performance of a project is related to its complexity. More complex projects may
require an additional level of control. This paper’s primary goal has been to give the project
complexity a framework to better describe and measure it. In terms of practicality, the
findings provide a framework that offers relevant indicators for key actors to anticipate and
make better decisions to control the project’s progress. This paper proposed a framework
of identified and classified project complexity factors that might be integrated into the
exploratory phase of a complexity impact analysis. It may also be used to capture and
structure its possible consequences and ensure that these are managed appropriately. Due
to the project’s dynamic aspect, repeated use during the different phases of a project
is expected. Establishing an objective and standardized measure permits retrospective
analysis of previous projects. That is needed to assess the impact of complexity sources on
achieving project goals and their influence on the cost and the staffing level.

Applying the proposed framework in the project’s upstream stage permits to highlight
areas with high complexity. Consequently, it allows anticipating their impact by comparing
to other projects and planning mitigation actions to reduce complexity-induced risks.
Some examples of risk mitigation actions are adopting a simpler process, choosing a
more stable supplier, or increasing communication frequencies between actors. A vital
improvement of the proposed framework would be introducing more precise evaluation
aids by enumerating more objective questions for each factor and developing a shared
database of results that improve and grow with every use.

To conclude, a high-level factor-based descriptive modeling was proposed in this
paper. It permits to measure and prioritize areas and domains where complexity may have
the highest impact. In the industrial application of this work, complexity ratings were
linked directly to levels of action. Project managers could use the project complexity rating
system to decide on the level of proactive actions needed. In this approach, the level of
necessary proactive action results from a combination of both project complexity and risk
criticality. This differs from traditional risk management approaches, which classically link
actions to risk criticality but not to project complexity.

Finally, project complexity will remain a critical challenge for many industrial companies,
especially in the fourth industrial revolution (Industry 4.0) era [102]. Future work might
investigate the optimal complexity regulation strategies for projects in Industry 4.0 context.
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Appendix A

Table A1. Complexity factors related to the project governance.

Evaluate the Contribution of Each Factor

Assistance in Assessing;:

Project Governance from 1 (Very Weak) to 5 (Very Strong). You Can Think of: Sources
To what extent does the processes’
: . . . Number and nature of
Processes interdependence interdependence contribute to project . [53]
. dependencies between processes?
complexity?
Organizational degree of To what e>.<tent dqes the orgamzahoneq Are there organizational
. . degree of innovation contribute to project - [53]
Innovation . innovations?
complexity?
) To what extent does the number of
Number of deliverables deliverables contribute to project [53]
complexity?
Number of activities To what extent.does the m%mber of . [53]
activities contribute to project complexity?
Variety of project To what extent does the variety of applied
management methods and project management methods and tools [53,103]
tools applied contribute to project complexity?
- To what extent does the number of
Number of decisions to be . . .
made decisions to be made contribute to project [53,81]
complexity?
. . To what extent does the level of
Level of interrelations . - .
b interrelations between phases contribute to [53,81]
etween phases i :
project complexity?
Dependencies with the To wha? extent do the (.iependena.es with Is. the p.ro]ect dependent and
. the environment contribute to project highly influenced by [53,81]
environment . .
complexity? environmental factors?
Interconnectivity and To what extent do the interconnectivity and
feedback loops in the task and ~ feedback loops in the task and project [53,81]

project networks

networks contribute to project complexity?
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Table A2. Complexity factors related to the project characteristics.
Proiect Characteristics Evaluate the Contribution of Each Factor Assistance in Assessing;: Sources
) from 1 (Very Weak) to 5 (Very Strong). You Can Think of:
1 Number of objectives Toowh'at extent fioes the number of ' [53,81]
objectives contribute to project complexity?
2. Alignment of objectives To what extent does the alignment of Are the project objectives aligned? [53]

objectives contribute to project complexity?

3.  Interdependence of objectives

To what extent does the interdependence of
objectives contribute to project complexity?

How many dependencies

between projects are there? (801

To what extent does the scope largeness

What is the largeness of the

4. Scope largeness
contribute to project complexity? scope? [53,771

5. Duration of the project To what extent df)es the pro]ef:t duration What is the expected duration of [53,82]

contribute to project complexity? the project?

o Depndncoteen (o enTido e depedencie o many merependences
schedules . Pro between the schedules are there?

complexity?

7. The largeness of capital To what extent dc.)es the large.neSS of capital What is the total capital
. investment contribute to project . [1]
investment . investment?

complexity?
8 Support and priority level of To what extent does the project’s priority Is the project of high priority and
’ th 5 pro'ect inrihe coi/n an level within the company contributes to elevated support level within the [103]
PO pany project complexity? organization?
Table A3. Complexity factors related to the product.
Product Evaluate the Contribution of Each Factor Assistance in Assessing;: Sources
from 1 (Very Weak) to 5 (Very Strong). You Can Think of:
1 Number of functions to be To what extent does the number of
' desiened functions to be designed contributes to [5]
&n project complexity?
’ Number of components To what extent do the number of The number of new
' d P components and the number of new components = Expected
and number of new component tribute t ject ber of parts — th [53]
components ponents contribute to projec number of parts e
complexity? number of carry-over parts.

3. Number of To what extent does the number of Number of technical systems
subsystems/integration subsystems contribute to project requiring integration and the [87,104]
complexity complexity? nature of the interfaces

4 Varietv of the product To what extent does the variety of product

' com g’nents P components contribute to project [23,53]
P complexity?

5. Interdependence between To what extent does the interdependence

the components of the between the product components [53,105]

product

contribute to project complexity?




Sustainability 2021, 13, 3020 25 of 35
Table A3. Cont.
Product Evaluate the Contribution of Each Factor Assistance in Assessing;: Sources
from 1 (Very Weak) to 5 (Very Strong). You Can Think of:
Are new technologies such as
6.  Technology maturity To wh.at extent does the tthnology . unproven technologies used [53,86]
maturity contribute to project complexity? . .
in the project?
7. Variety of the technologies To what e>'<tent does the variety o.f the
. . technologies used during the project [53,71,86]
used during the project . . B
contribute to project complexity?
. To what extent does the technological Number of innovations
8.  Technological degree of . . . . . ,
. . degree of innovation contribute to project applicable to the product [53,71,106]
innovation .
complexity? parts
. To what extent do the technological process
9.  Technological process . . .
d denci dependencies contribute to project [53]
ependencies .
complexity?
10.  Variety of technological To what e>'<tent does the variety of Number of heterogeneity
. technological dependencies contribute to . [53]
dependencies ) . dependencies
project complexity?
To what extent does the change of Do you expect a change in
11.  Change of specifications specifications contribute to project specifications during the [87]
complexity? project?
e To what extent does the specifications’
12.  Specifications . . ) . .
. interdependence contribute to project Brainstorming
interdependence )
complexity?
13. Feasibility and technical To w}}at exjcer.lt do the fea51b1¥1ty and . . .
. . technical difficulty of the design contribute Brainstorming
difficulty of the design ) .
to project complexity?
14, Time to market To what extent do.es the time tg market 7]
contributes to project complexity?
15.  Variety of manufacturing  To what extent does the variety of
processes between manufacturing processes between factories Brainstorming
factories contribute to project complexity?
- To what extent does the customization
16. Customization degree, - . . .
. 1 degree of the product contribute to project Brainstorming
option variability .
complexity?
17. Number of iterations to TO wl}at extent .does the number of .
iterations to refine the product contribute [87]

refine the product

to project complexity?
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Table A4. Complexity factors related to the project resources.

Evaluate the Contribution of Each Factor

Assistance in Assessing:

Resources from 1 (Very Weak) to 5 (Very Strong). You Can Think of: Sources
1. Number and quantity of To what extent do'the number' and quantity
of resources contribute to project [53,81]
resources .
complexity?
2. Number of To what extent does the number of
companies/projects companies/projects sharing their resources [53,81]
sharing their resources contribute to project complexity?
. . To what extent does the number of
3. Number of information . - . .
svstems information systems contribute to project [53,81]
Y complexity?
4. Variety of information .TO what gxtent does the variety 9f
. information systems to be combined [53,81]
systems to be combined . . .
contribute to project complexity?
5.  The interdependence of To what gxtent does the 1nt.erdependen.ce of
. . information systems contribute to project [53,81]
information systems .
complexity?
6.  Variety of financial To what extent does the variety of financial [53,81]
resources resources contribute to project complexity? !
. D h ject h;
. . To what extent does the computational oes the project avea . .
7. Computational capacity . . . . suitable computational Brainstorming
capacity contribute to project complexity? oo
capacity?
8. Availability of people, To what extent does the availability of Are h1.1man resources and
. . materials shared across
material, and any people, material, and any resources due to . . [53]
. . . . . projects? What is the
resources due to sharing sharing contribute to project complexity? s
availability of key experts?
9.  Variety of technical To what extent does the variety of technical
resources to be resources to be manipulated contribute to [53]
manipulated project complexity?
. To what extent do the resource and raw
10.  Resource and raw material o . .
. . material interdependencies contribute to [53]
interdependencies . ;
project complexity?
11. The flexibility of proiect To what extent does the flexibility of . .
b Z ;):/flirllgn(c)iaﬁ)r()]ec project budgets/financial resourc};s How flex1ble are project [67,82,107]
udg . . . budgets/financial resources? T
resources contribute to project complexity?
12.  Project manager control To what extent does the prq]ect manfiger s Does the project manager
. control over resource selection contribute have control over resource [67]
over resource selection . . .
to project complexity? selection?
13. Combined transportation To what ext'ent does 'the combmfed
transportation contribute to project [53]

(supply/shipping)

complexity?
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Table A5. Complexity factors related to the environment.

Environment(Factor Number.

Evaluate the Contribution of Each Factor

Assistance in Assessing:

Description) from 1 (Very Weak) to 5 (Very Strong). You Can Think of: Sources
To what extent does the level of What is the level of
1. Level of competition competition contribute to project competition (e.g., related to [53,71]
complexity? market conditions)?
2. Partnership and To w'ha‘t exten't do the part nership an.d Do you cooperate with other . .
- . multi-firm alliances contribute to project . . Brainstorming
multi-firm alliances . partners in the project?
complexity?
3 Technological/ To what extent does the
) 0108 . technological / organizational complexity of
organizational complexity the environment contribute to project 3]
of the environment projec
complexity?
4 Contract tvpes To what extent do the contract types Are there different main [53,71]
’ P contribute to project complexity? contract types involved? ’
5 Local standards. laws. and To what extent do the local standards, laws,
’ reeulations ’ ’ and regulations contribute to project [53,71]
8 complexity?
6 New standards. laws. and To what extent do the new standards, laws,
' regulations ’ ’ and regulations contribute to project [53]
J complexity?
v Demand for creativit To what extent does the demand for [53]
' Y creativity contribute to project complexity?
To what extent does the institutional How well and how clearly
8.  Institutional configuration  configuration contribute to project does the project align with the [53]
complexity? institutional configuration?
9 Culture configuration and To what extent do the culture configuration ~Number of different
' variet i and variety contribute to project languages, number of [51,53,70,71]
Y complexity? different nationalities
10.  Significance on public To w.h atextent does'the mgmﬁc:ance ona Is the project related to a
acenda public agenda contribute to project ublic agenda? [53]
5 complexity? P & ’
11.  Variety of standards To what extent does the variety of
between development and standards between development and Brainstormin
industrialization, and industrialization and between sites &
between sites contribute to project complexity?
Are involved parties aware of
12, HSSE awareness To what extent does the HSSE awareness health, safety, security, and [70]
' contribute to project complexity? environmental (HSSE)
importance?
Do you expect unstable or
13, Weather conditions To what extent do the weather conditions extreme weather conditions; [70,71]
' contribute to project complexity? could they potentially !
influence the project progress?
14,  Influence of the public To what extent does the influence of the
’ P public perception on the project contribute [103]

perception on the project

to project complexity?
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Table A6. Category weights.

Categories Weights Fuzzy
C1: Project governance 5 0.8,1;1)
C2: Project characteristics 5 (0.8;1;1)
C3: Product 5 (0.8,1;1)
C4: Project team/actors 5 (0.8,1;1)
C5: Stakeholders 5 (0.8;1;1)
C6: Resources 5 (0.8;,1,1)
C7: Environment 4 (0.6;,0.8;1)
Table A7. Factors weights.
Factors
Categories Factorl Fuzzy Factor2 Fuzzy Factor3 Fuzzy Factor4 Fuzzy Factor5 Fuzzy Factor6 Fuzzy
c1 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 4 (0.6;0.8;1)
C2 5 (0.8;1,1) 5 (0.8;1;1) 5 (0.8;1,1) 5 (0.8;1;1) 5 (0.8;1,1) 5 (0.8;1,1)
C3 4 (0.6;0.8;1) 4 (0.6;0.8;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1)
C4 3 (0.4;0.6;0.8) 4 (0.6;0.8;1) 5 0.8;1;1) 4 (0.6;0.8;1) 5 0.8;1;1) 4 (0.6;0.8;1)
C5 4 (0.6;0.8;1) 4 (0.6;0.8;1) 4 (0.6;0.8;1) 5 (0.8;1;1) 4 (0.6;0.8;1) 4 (0.6;0.8;1)
Co6 4 (0.6;0.8;1) 4 (0.6;0.8;1) 3 (0.4;0.6;0.8) 3 (0.4;0.6;0.8) 3 (0.4;0.6;0.8) 4 (0.6;0.8;1)
(o4 4 (0.6;0.8;1) 4 (0.6,0.8;1) 4 (0.6,0.8;1) 4 (0.6;0.8;1) 4 (0.6;,0.8;1) 4 (0.6;0.8;1)
Categories Factor7 Fuzzy Factor8 Fuzzy Factor9 Fuzzy Factor10 Fuzzy Factor1l Fuzzy Factor12 Fuzzy
C1 4 (0.6;0.8;1) 4 (0.6;0.8;1) 5 0.8;1;1)
2 5 (0.8;1;1) 5 (0.8;1;1)
c3 5 (0.8;1;1) 5 0.8;1;1) 5 (0.8;1;1) 5 0.8;1;1) 5 0.8;1;1) 5 (0.8;1;1)
C4 4 (0.6;0.8;1) 4 (0.6;0.8;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1)
C5 4 (0.6;0.8;1) 5 0.8;1;1) 5 0.8;1;1) 5 (0.8;1;1) 5 0.8;1;1)
Coé 3 (0.4;0.6;0.8) 4 (0.6;0.8;1) 4 (0.6;0.8;1) 4 (0.6;0.8;1) 5 (0.8;1;1) 5 (0.8;1;1)
c7 5 (0.8;1;1) 3 (0.4;0.6;0.8) 4 (0.6;,0.8;1) 4 (0.6;0.8;1) 4 (0.6;,0.8;1) 4 (0.6;0.8;1)
Categories Factor13 Fuzzy Factor14 Fuzzy Factor15 Fuzzy Factor16 Fuzzy Factor17 Fuzzy
C1
C2
C3 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1) 5 (0.8;1;1)
C4 5 (0.8;1;1) 5 (0.8;1;1) 4 (0.6;,0.8;1) 5 (0.8;1;1) 4 (0.6;0.8;1)
C5
C6 5 (0.8;1,1)
c7 3 (0.4;0.6,0.8) 4 (0.6;0.8;1)

Table A8. Factors rates.

Factors

Categories Projects  Factorl Fuzzy Factor2 Fuzzy Factor3 Fuzzy Factor4 Fuzzy Factor5 Fuzzy Factor6 Fuzzy

P1 4 (3;4;5) 3 (2;3;4) 4 (3;4;5) 5 (4,5;5) 1 (1,1,2) 4 (3;4,5)
C1 P2 4 (3:4;,5) 4 (34,5 5 (4;5;5) 5 (4,5,5) 2 (1,2,3) 4 (3:4,5)
P3 4 (3:4,5) 5 (4;5;5) 3 (2;3;4) 5 (4,5;5) 2 (1,2;3) 4 (3;4,5)
P1 2 (1,2;3) 4 (3:4;5) 1 (1,1,2) 3 (2;3;4) 2 (1,2;3) 4 (3;4;5)
C2 P2 3 (2;3;4) 4 (3:4,5) 1 (1,1,2) 3 (2;3;4) 2 (1,2,3) 4 (3;4,5)
P3 2 (1,2,3) 4 (34,5 1 (1,1,2) 3 (2,3,4) 2 (1,2,3) 5 (4,5,5)
P1 2 (1;2,3) 4 (3;4,5) 2 (1;2,3) 5 (4;5;5) 4 (3;4,5) 4 (3;4,5)
C3 P2 4 (3;4;5) 4 (3:4,5) 2 (1,2,3) 5 (4,5;5) 4 (3;4,5) 5 (4,5;5)
P3 3 (2;3;4) 4 (3:4,5) 2 (1,2,3) 5 (4,5;5) 4 (3;4;5) 3 (2,3,4)
P1 2 (1,2,3) 2 (1,2;,3) 4 (3:4,5) 2 (1,2,3) 3 (2,3:4) 4 (3:4,5)
C4 P2 2 (1;2,3) 2 (1,2,3) 4 (3;4,5) 3 (2,3,4) 3 (2;3;4) 4 (3;4,5)
P3 2 (1,2;3) 2 (1,2;3) 4 (3:4;5) 3 (2;3;4) 3 (2,3;4) 4 (3;4;5)
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Table A8. Cont.
Factors
Categories Projects  Factorl Fuzzy Factor2 Fuzzy Factor3 Fuzzy Factor4 Fuzzy Factor5 Fuzzy Factor6 Fuzzy
P1 2 (1,2,3) 3 (2,3:4) 3 (2,3:4) 2 (1,2,3) 2 (1,2;,3) 3 (2,3,4)
C5 P2 4 (3;4;5) 3 (2;3;4) 3 (2;3;4) 2 (1,2,3) 3 (2;3;4) 3 (2;3,4)
P3 3 (2;3;4) 3 (2;3;4) 3 (2;3;4) 2 (1,2,3) 2 (1,2,3) 3 (2,3,4)
P1 2 (1,2,3) 2 (1,2;3) 3 (2;3;4) 3 (2,34) 2 (1,2,3) 3 (2,3;4)
C6 P2 2 (1,2,3) 2 (1,2;,3) 3 (2,3;4) 3 (2,3,4) 2 (1,2;,3) 3 (2,3,4)
P3 2 (1,2;3) 2 (1,2;3) 3 (2,3;4) 3 (2;3;4) 2 (1,2;3) 3 (2;3;4)
P1 3 (2;3;4) 5 (4;5,5) 4 (3;4;5) 2 (1,2,3) 2 (1,2,3) 3 (2,3,4)
c7 P2 5 (4;5;5) 5 (4;5;5) 5 (4;5;5) 4 (3:4,5) 4 (3:4;5) 3 (2,3;4)
P3 4 (3:4,5) 5 (4;5;5) 4 (3:4;5) 3 (2,3,4) 3 (2,3;4) 3 (2,3,4)
Categories Projects  Factor7 Fuzzy Factor8 Fuzzy Factor9 Fuzzy Factorl0  Fuzzy Factorll  Fuzzy Factor12  Fuzzy
P1 2 (1,2;3) 3 (2,3:4) 4 (3:4;5)
C1 P2 2 (1,2;3) 5 (4,5,5) 5 (4;5;5)
P3 3 (2;3;4) 4 (3;4;5) 4 (3;4;5)
P1 5 (4;5;5) 3 (2,3,4)
C2 P2 5 (4;5;5) 3 (2,3:4)
P3 4 (3;4;5) 3 (2;3;4)
P1 2 (1,2,3) 3 (2;3,4) 5 (4;5;5) 3 (2,34) 4 (3;4;5) 2 (1,2;,3)
Cc3 P2 4 (3:4;5) 5 (4,5;5) 5 (4,5;5) 3 (2;3:4) 5 (4,5;5) 3 (2;3;:4)
P3 3 (2;3;4) 3 (2;3;4) 5 (4;5;5) 3 (2,3,4) 4 (3;4;5) 2 (1,2,3)
P1 2 (1,2,3) 3 (2;3;4) 3 (2;3;4) 2 (1,2,3) 2 (1,2,3) 4 (3;4,5)
C4 P2 2 (1,2,3) 3 (2;3,4) 5 (4;5;5) 5 (4,5;5) 3 (2;3;4) 5 (4,5,5)
P3 2 (1,2,3) 3 (2,3:4) 3 (2,3;4) 2 (1,2,3) 2 (1,2;,3) 4 (3:4,5)
P1 2 (1;2,3) 2 (1,2,3) 1 (1,1,2) 4 (3;4,5) 3 (2,3;4)
C5 P2 2 (1,2;3) 4 (3:4;5) 1 (1,1,2) 5 (4,5;5) 4 (3;4,5)
P3 2 (1,2,3) 2 (1,2,3) 1 (1,1,2) 4 (3:4,5) 3 (2,3:4)
P1 3 (2,3;4) 5 (4;5;5) 3 (2,3:4) 3 (2,3,4) 4 (3:4;,5) 4 (3:4,5)
(@) P2 3 (2,3;4) 5 (4;5;5) 5 (4;5;5) 4 (3;4,5) 4 (3:4;,5) 4 (3;4,5)
P3 3 (2;3;4) 5 (4,5,5) 4 (3;4,5) 3 (2,3,4) 4 (3;4,5) 4 (3;4,5)
P1 3 (2,3:4) 2 (1,2;,3) 3 (2,3:4) 1 (1,1,2) 4 (3:4;5) 4 (3:4,5)
Cc7 P2 5 (4,5;5) 2 (1,2;3) 3 (2,3:4) 3 (2;3:4) 4 (3:4;5) 5 (4,5,5)
P3 4 (3;4;5) 2 (1,2,3) 3 (2;3;4) 1 (1,1,2) 4 (3;4,5) 4 (3;4,5)
Categories Projects  Factorl3  Fuzzy Factor14 Fuzzy Factor15 Fuzzy Factorl6é  Fuzzy Factorl7?  Fuzzy
P1
C1 P2
P3
Pl
C2 P2
P3
P1 3 (2;3;4) 3 (2,34) 5 (4,5;5) 3 (2,3:4) 3 (2,3;4)
C3 P2 4 (3;4;5) 4 (3;4,5) 3 (2;3;4) 3 (2,3,4) 4 (3;4,5)
P3 3 (2,3:4) 4 (3:4;,5) 3 (2,3:4) 3 (2,3;4) 3 (2,3:4)
P1 1 (1,1,2) 1 (1,1,2) 3 (2,3:4) 5 (4,5,5) 1 (1,1,2)
C4 P2 2 (1,2;3) 1 (1,1,2) 5 (4,5;5) 4 (3;4,5) 1 (1,1,2)
P3 2 (1,2;3) 1 (1,1,2) 4 (3;4;5) 3 (2;3;4) 1 (1,1,2)
P1
C5 P2
P3
P1 2 (1,2,3)
C6 P2 4 (3:4,5)
P3 3 (2,3;4)
P1 2 (1;2,3) 2 (1,2,3)
c7 P2 2 (1,2;3) 4 (3:4;5)
P3 2 (1,2,3) 2 (1,2,3)
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Appendix B

Definition 1. Let X be the universe of discourse. A fuzzy set A of X is characterized by a
membership function y ;(x), where y ; (x): X — [0, 1] indicates the degree of x € X in A.

One of the most frequently applied membership functions is the triangular function, which
transforms input variables into fuzzy variables with simple calculations.

Definition 2. A triangular fuzzy number can be defined as a triplet (a, b, c); the membership
function of the fuzzy number A is defined as:

=, a<x<bh,
Ha(x) = =, b<x<g, (A1)
, others.

Definition 3. Let M = (a;, by, ¢1) and N = (ay, by, ¢») be two triangular fuzzy numbers, then the
distance between them using vertex method [108] is defined as;

d(M,N) = \/1/3[(a1 —)? 4 (b — b2)* + (1 — ¢2)? (A2)

Arithmetic operations with fuzzy numbers:
Let M = (a1, by, ¢1) and N = (ap, by, cp) be two triangular fuzzy numbers, then
arithmetic operations are defined as follows:

M@®N= (a;,by,¢1) @ (ag, by, c2) = (ag +az, by +by, ¢ +c2) (A3)
M®N= (aj,by,c1) @ (ag, by, c2) = (a7 x ag, by x by, ¢; X ¢2) (A4)
kM = (kay, kb, key) (A5)

Assume that DMs evaluate the complexity of k projects. Let 1/07 ij present the fuzzy
importance weight of category i € M and factor j € N, wc; presents the weight of the ith
category, 555‘] presents the rating of project k € P for category i and factor j. The matrix
format of the problem is expressed as follows:

- wfy e wfyy,
WE=| : 1 (A6)
wfml o wfmn
{561' = [Zl/—;(/fl, 7’7362/ ey u%m]/ (A7)
~k ~k
B X1 Xy
Df=1| : - (A8)
fﬁﬂ e fﬁm

fij = (asj, by, cij), z,(;}i]. = (ejj, fij, gij) and we; (ug, vy, zi). i € I, and j € ], whereIand ] is
the set of category and factors respectively.

The weighted average fuzzy matrix can be calculated considering each factor’s differ-
ent weights by multiplying the factors” importance weights and the rates in a fuzzy matrix
and taking the average.

Let Vk denote the weighted average matrix for each project k,

vk = [5/] (A9)

mx1
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Uik = %[@}il@ﬁl) @@Q@)ﬁi{z) @"-@@?in(gﬂ'{n” (AlO)

By normalizing the values, anomalies with different measurement units and scales
will be eliminated, and it will make the criteria comparable. Triangular fuzzy numbers will
be normalized with the below linear scale transform normalization function:

Let R denote the normalized fuzzy matrix,

R = [7i]mx1 (A11)
~ a; b ¢
(228 (A12)
¢* =maxc;, i € M (A13)
1

The weighted normalized fuzzy matrix is calculated considering each category’s
different weights by multiplying the category’s importance weights and the normalized
weighted average rates fuzzy matrix.

Let Y denote the weighted normalized fuzzy matrix,

Y = [Vil (A14)
Yi = we; @7 (A15)

Now, y; € [0,1], for Vi € M.
The fuzzy positive ideal solution (FPIS, S*) and the fuzzy negative ideal solution
(ENIS, S7) define as follows respectively;

St — (s~1+, 5T, .,§;+) (A16)

5 = (s]’,s}’,...,é}f) (A17)

where 5;7 = (1,1, 1)and 5;” = (0, 0, 0), for Vi € M.

The distance from the fuzzy positive ideal solution (FPIS) and fuzzy negative ideal
solution (FNIS) for each project, using the distance measurement between two fuzzy
numbers (given in Definition 3), is derived respectively as:

N ~ ~
dk+ = Zi:l d(y;,5"), Vke P (A18)

— N o
dy =) 45 ), YkeP (A19)
The closeness coefficient index (CCI) of each alternative project is calculated as follows:

d
CCl,=—% _ VkeP A20
T+ d (A20)

The higher closeness coefficient index value shows that the alternative is far from the
fuzzy negative ideal solution and close to the fuzzy positive ideal solution. As a result, the
project has a higher CC will get a high-ranking order.
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