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Abstract: This work aims to help managers anticipate, detect, and keep under control complex sit-

uations before facing negative consequences. This article explores complexity modeling theory and 

develops a framework and associated score sheet to measure project complexity. A framework com-

prising 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 pro-

vides 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 pro-

ject 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 man-

agement [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, 
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today’s projects often fail and project managers are faced with more complex tasks, re-

quiring skills from across many disciplines [8]. Describing and evaluating project com-

plexity more 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 framework 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 assess-

ments 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 or-

ganization to assist decision-making, notably when analyzing and comparing several pro-

jects. 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 pro-

jects’ outcomes and plans mitigation actions to reduce complexity-induced risks. 

The remainder of this paper is as follows. Section 2 introduces the research question 

associated with complexity in project management. Section 3 presents the research meth-

odology 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 al-

ways been complex [11], and their complexity increases [12]. Project complexity is an es-

sential 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 interac-

tions [15]. Complex systems are constituted by the sum of their components and the rela-

tionships between these components [16,17]. Thompson [18] also viewed a complex or-

ganization 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 
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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 re-

lationship between the four principles that characterize this thought: order, disorder, or-

ganization, 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 “sys-

tems 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 real-

ized; and third, the complexity of organizations involved in the definition phase, construc-

tion, and operation. Such complexity requires developing the engineering and infor-

mation systems processes to manage, share, and leverage engineering data during all pro-

ject 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 reach-

ing some objectives (teleological aspect) by doing an activity (functional aspect) while its 

internal structure (ontological aspect) evolves through time (genetic aspect) without los-

ing 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 

generally, the competitiveness of enterprises in terms of capacity to analyze the architec-

ture with the means of “systems engineering” and the definition of innovative methods 

and frameworks 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 complexi-

ties, 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 spe-

cific 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 methodolo-

gies (functional aspect). A project has an internal structure composed of resources, deliv-

erables, 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, 
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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 among stakeholders, often having different (or even con-

flicting) 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 un-

derstand 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 de-

creases the performance of the project and its outcomes [37]. Therefore, innovative sys-

tems 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 environ-

ments? 

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]. 

• Step 1: Selection of an appropriate multi-criteria evaluation method to assess project 

complexity based on a framework for multi-criteria method selection. 

• 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). 

• 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.  
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Figure 1. Benefits of measuring project complexity. 

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 associ-

ated with complexity.” 

Several authors in the literature tried to define complexity measures to explain pro-

ject failures, identify intricate situations, understand better project complex phenomena, 

and help decision-making. These measures can be classified into four categories: infor-

mation-based approaches, parametric approaches, project network-based approaches, 

and project complexity framework-based approaches. 

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 infor-

mation [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 lim-

ited 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 atten-

tion from the view of this article. In that case, these measures fail to encompass the real 

complexity of a project by focusing on a model of some elements of the project and ne-

glecting essential factors to project complexity (interdependencies with the project envi-

ronment, 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 
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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 ap-

proaches. These methods use a framework of project complexity factors or sources com-

bined with a multi-criteria evaluation methodology to obtain an absolute or relative pro-

ject 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 robustness of their evaluations. Generally, these sensitivity analyses 

are only gradient sensitivity analyses that are known to be unsatisfying in complex con-

texts. However, these works 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 ap-

plying specific risk management actions. To perform the project complexity measurement, 

we need to consider different quantitative weights of several complexity categories and 

numerous complexity factors (90 factors). Furthermore, project managers know their in-

dustrial 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 uncer-

tainty in the differentiation between multiple levels of contribution to complexity (uncer-

tainty 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 cri-

teria. Priority-based, outranking, distance-based, and mixed methods are the primary ap-

proaches [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 incon-

sistent outcomes [57]. 

To determine an appropriate MCDA method, Wątróbski and his co-authors devel-

oped 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 Wątróbski 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 Wątróbski framework shows that the fuzzy tech-

nique for order preference by similarity to ideal solution (fuzzy TOPSIS) method is a suit-

able 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 
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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 ex-

tremely 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 alter-

native are determined. However, getting exact data and measuring criteria might be dif-

ficult because of the subjectivity, uncertainty, and ambiguity during the decision-making 

process. According to [62], traditional TOPSIS cannot handle the inherent uncertainty and 

imprecision 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 impreci-

sion related to crisp numbers. The merit of using the fuzzy approach is to assign the im-

portance 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 imple-

mented in a wide range of real-world problems. Using fuzzy triangular numbers to eval-

uate the projects’ total complexities and compare them allows resolving the vagueness, 

ambiguity, uncertainty, and imprecision related to crisp numbers in multi-criteria assess-

ments 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 deter-

mining system behavior more than trying to have a complete model of the complex sys-

tem [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. Neverthe-

less, 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 contri-

butions to the literature about project complexity determinants and synthesize the exist-

ing 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 pro-

ject complexity be defined as consisting of many varied interrelated parts and can be op-

erationalized 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 vola-

tility related to the notion of uncertainty [68], suggesting two types of project uncertain-

ties, 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.  
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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, vari-

ety, 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 inde-

pendent 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 ele-

ments about product complexity; therefore, it is still adapting to the new product devel-

opment projects. Another one proposed a classification of project complexity factors, sep-

arating 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, ScienceDi-

rect, etc.) searches were conducted iteratively to retrieve articles related to project com-

plexity describing and assessment. Search terms included “project complexity,” “com-

plexity measure,” “complexity management,” “complexity assessment,” “complexity 

evaluation,” etc. Eighty journal articles were retrieved and the reference lists of each arti-

cle were reviewed in detail to find additional articles. Project complexity factors were re-

trieved from these articles and recorded in a table with the associated reference and as-

sessment 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.  

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 

description 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 var-

ious departments, such as design, mechanical engineering, vehicle engineering, systems 

engineering, 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 
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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 practi-

tioners 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 devel-

opment 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. 

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 up-

dated 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 com-

plexity factors regrouped into seven different categories: stakeholders, project team, pro-

ject 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-cri-

teria 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 di-

vided 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 

channels 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, be-

tween 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 organi-

zation to their developments. Project governance is a critical step within any project, 

especially when dealing with complex and risky ones. The project schedule is in-

cluded in this category. 

4. Project characteristics: Project characteristics refer to uniqueness, temporary and 



Sustainability 2021, 13, 3020 10 of 34 
 

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, eval-

uation, 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 de-

sign 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. 

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 success 

[14]. Project cost is included in this category. 

7. Environment: The concept of complexity has recently gained prominence in environ-

mental sustainability research [79]. Projects delivered in complex environments are 

often late, over-budget, and provide fewer benefits than expected. Furthermore, in-

creasing environment complexity (competitiveness, regulations, requirements, and 

customers’ satisfaction) requires an attractive level of project delivery, e.g., a neces-

sary 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 Ta-

ble 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. 

Stakeholders 
Evaluate the Contribution of Each Factor 

from 1 (Very Weak) to 5 (Very Strong). 

Assistance in Assessing: 

You Can Think of: 
Sources 

1. Number of stakeholders 
To what extent does the number of stake-

holders contribute to project complexity? 

How many stakeholders are 

there? 
[53,67,71,75] 

2. Number of investors 
To what extent does the number of inves-

tors contribute to project complexity? 

How many investors are 

there? 
[80,81] 

3. Variety of the stakeholders’ 

status 

To what extent does the variety of the 

stakeholders’ status contribute to project 

complexity? 

Suppliers’ status variety [53,81] 

4. Variety of the interests of 

the stakeholders 

To what extent does the variety of the in-

terests of the stakeholders contribute to 

project complexity? 

Are there competing priori-

ties of stakeholders? 
[53,81] 
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5. The geographic location of 

stakeholders (and their 

mutual disaffection) 

To what extent does the geographic loca-

tion of stakeholders contribute to project 

complexity? 

 [53,81,82] 

6. Interdependence between 

sites, departments, and 

companies 

To what extent does the interdependence 

between sites, departments, and compa-

nies contribute to project complexity? 

 [53,81] 

7. Stakeholders interrelations 
To what extent do the stakeholders’ inter-

relations contribute to project complexity? 

What is the number and na-

ture of dependencies on 

other stakeholders? 

[53,81,82] 

8. Political influence 
To what extent does the political influence 

contribute to project complexity? 
 [70,71] 

9. Trust level between stake-

holders 

To what extent does the trust level be-

tween stakeholders contribute to project 

complexity? 

 [70,83,84] 

10. Subcontractors involve-

ment in the project 

To what extent does the subcontractors’ 

involvement in the project contribute to 

project complexity? 

What is the percentage of 

the project’s work done by 

the subcontractors? 

[85] 

11. Manufacturer–supplier re-

lationship 

To what extent does the manufacturer–

supplier relationship contribute to project 

complexity? 

 Brainstorming

Table 2. Complexity factors related to the project team. 

Project Team/Actors 

Evaluate the Contribution of Each Fac-

tor from 1 (Very Weak) to 5 (Very 

Strong). 

Assistance in Assessing: You 

Can Think of: 
Sources 

1. Staff quantity 
To what extent does the staff quantity 

contribute to project complexity? 

Number of actors involved in the 

project 
[53,82] 

2. Number of interfaces in the 

project organization 

To what extent does the number of inter-

faces in the project organization contrib-

ute to project complexity? 

 [53,86] 

3. Number of hierarchical 

levels 

To what extent does the number of hier-

archical levels contribute to project com-

plexity? 

 [53,81] 

4. Number of departments 

involved  

To what extent does the number of de-

partments involved contribute to project 

complexity? 

 [53,81] 

5. Number of struc-

tures/groups/teams to be 

coordinated 

To what extent does the number of 

structures/groups/teams to be 

coordinated contribute to project 

complexity? 

 [53,81,86] 

6. Team cooperation and 

communication  

To what extent do the cooperation and 

communication inside the team 

contribute to project complexity? 

Does a communication plan exist 

in the project? Is the project 

manager an effective 

communicator? 

[53,81,82] 

7. Variety of organizational 

interdependencies  

To what extent does the variety of 

organizational interdependencies 

contribute to project complexity? 

 [53,86] 
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8. Variety of hierarchical lev-

els within the organization 

To what extent does the variety of 

hierarchical levels within the 

organization contribute to project 

complexity? 

How does the variety of 

hierarchical levels influence the 

project? 

[53,86] 

9. Diversity of staff (experi-

ence, social background, 

etc.) 

To what extent does the diversity of 

staff contribute to project complexity? 

What differences are there 

between the people involved in 

the project, which may lead to 

conflicts and misunderstandings? 

[53,86] 

10. Variety of skills needed 

To what extent does the variety of skills 

needed contribute to project 

complexity? 

Does the project involve multiple 

technical disciplines? 
[53,67] 

11. Interdependencies between 

actors 

To what extent do the 

interdependencies between actors 

contribute to project complexity? 

Number and nature of 

interdependencies between actors 
[53,81] 

12. Dynamic and evolving 

team structure 

To what extent does the dynamic and 

evolving team structure contribute to 

project complexity? 

Is the team structure changing 

during the project? 
[53] 

13. Relations with permanent 

organizations  

To what extent do the relations with 

permanent organizations contribute to 

project complexity? 

 [53,86] 

14. Level of trust between ac-

tors of the project team  

To what extent does the level of trust 

between actors of the project team 

contribute to project complexity? 

Do you trust the project team 

members? 
[70] 

15. Experience and skills of 

team members 

To what extent do the experience and 

skills of team members contribute to 

project complexity? 

 [67,87] 

16. Leadership, authority, 

technical/managerial ex-

pertise of the project man-

ager 

To what extent do the project manager’s 

leadership, authority, and 

technical/managerial expertise 

contribute to project complexity? 

Does the project manager have 

leadership, technical, and 

managerial expertise? 

[67,87] 

17. Overlapping office hours 

To what extent do the overlapping 

office hours contribute to project 

complexity? 

How many overlapping office 

hours does the project have 

because of the different time 

zones involved? 

[70] 

Please refer to the appendix for Table A1 (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 sit-

uations 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 oth-

ers, such as variety of the interests of the stakeholders, team cooperation and communi-

cation, organizational degree of innovation, alignment of objectives, number of subsys-

tems and their integration complexity, change of specifications, flexibility of project budg-

ets, and partnership and multi-firm alliances. 
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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 Fig-

ure 2. 

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. 

1
•Selections of projects/alternatives to be assessed

2
•Selection of evaluation criteria

3
•Selection of fuzzy linguistic variables and membership 

functions

4
•Aggregate the criteria weight

5
•Construct the fuzzy decision matrix

6
•Normalize the fuzzy decision matrix 

7
•Construct the fuzzy weighted normalized decision matrix

8
•Determine the fuzzy positive ideal solution (FPIS) and the 

fuzzy negative ideal solution (FNIS)

9
•Calculate the distance of each alternative from the FPIS and 

FNIS

10
•Calculate the closeness coefficient of each alternative

11
•Rank the alternatives according to the closeness coefficient
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Figure 3. Series of triangular membership functions for the Likert scale from 1–5. 

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 pro-

jects: (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 al-

ternative 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 organ-

izationally 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 
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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 deliver-

able, 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, de-

sign content, innovation level, and number of options and versions. 

 

Figure 4. The key features of vehicle development projects. 

The typical car contains about 2000 functional components, 30,000 parts, and 10 mil-

lion 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 exte-

rior 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’ involve-

ment 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 pro-

ject 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 

decisions when facing complex and uncertain situations often fail to deliver the targeted 

performance. There exist six essential criteria to determine the complexity measure qual-

ity, according to [49]. These criteria are validity, reliability, computability, ease of imple-

mentation, 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 
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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, re-

searchers 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 without 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 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 contri-

bution 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 de-

veloped 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 im-

plementing the electrical technology more challenging because the parts handling, join-

ing, 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 trig-

ger rigorous technical requirements on the developed vehicles. An example of stakehold-

ers’ factors is the challenges and opportunities for vehicle development projects associated 

with multi-type and networked relationships between these projects and their various 

stakeholders. Moreover, the international dimension of the projects (developed and in-

dustrialized in different countries) increases project coordination complexity. The manu-

facturer–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, C6: 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 



Sustainability 2021, 13, 3020 17 of 34 
 

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. 

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 im-

portance weight of category and factor, as shown in Tables 3 and 4.  

Step 2. Evaluating  ��� , ��� �, and ��� matrices by using Equations (A6)–(A8) in Ap-

pendix B. Table A7 in Appendix A shows the weighting of the complexity factors ( ��� ) 

depending on linguistic variables and weights. Table A8 in Appendix A shows the rating 

of all complexity factors for three projects (���), depending on linguistic variables and 

weights. 

Step 3. Calculating the fuzzy weighted average matrix (���) for each project k by ap-

plying 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 

C1: Project governance 

P1 (0.96;1.66;2.23) 

P2 (1.18;1.99;2.41) 

P3 (1.08;1.87;2.41) 

C2: Project characteristics 

P1 (0.69;1.27;1.82) 

P2 (0.74;1.33;1.88) 

P3 (0.69;1.27;1.82) 

C3: Product 

P1 (0.96;1.72;2.24) 

P2 (1.24;2.07;2.53) 

P3 (1.01;1.78;2.29) 

C4: Project team/actors 

P1 (0.68;1.36;2) 

P2 (0.82;1.54;2.12) 

P3 (0.73;1.42;2.06) 

C5: Stakeholders 

P1 (0.52;1.09;1.71) 

P2 (0.73;1.36;2) 

P3 (0.56;1.15;1.76) 

C6: Resources 

P1 (0.71;1.4;2) 

P2 (0.8;1.52;2.06) 

P3 (0.75;1.46;2.06) 

C7: Environment 

P1 (0.79;1.49;2.06) 

P2 (1.19;2;2.41) 

P3 (0.96;1.72;2.29) 

Step 4. 

Calculating the normalized weighted matrix (��) 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 

C1: Project governance 

P1 (0.38;0.66;0.88) 

P2 (0.47;0.79;0.95) 

P3 (0.43;0.74;0.95) 

C2: Project characteristics 

P1 (0.27;0.5;0.72) 

P2 (0.29;0.53;0.74) 

P3 (0.27;0.5;0.72) 

C3: Product 

P1 (0.38;0.68;0.88) 

P2 (0.49;0.82;1) 

P3 (0.4;0.7;0.91) 

C4: Project team/actors 

P1 (0.27;0.54;0.79) 

P2 (0.33;0.61;0.84) 

P3 (0.29;0.56;0.81) 

C5: Stakeholders 

P1 (0.2;0.43;0.67) 

P2 (0.29;0.54;0.79) 

P3 (0.22;0.46;0.7) 

C6: Resources 

P1 (0.28;0.55;0.79) 

P2 (0.32;0.6;0.81) 

P3 (0.3;0.58;0.81) 

C7: Environment 

P1 (0.31;0.59;0.81) 

P2 (0.47;0.79;0.95) 

P3 (0.38;0.68;0.91) 

Step 5. 

Constructing the weighted normalized fuzzy matrix (� � ) by multiplying category 

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 

C1: Project governance 

P1 (0.31;0.66;0.88) 

P2 (0.37;0.79;0.95) 

P3 (0.34;0.74;0.95) 

C2: Project characterıstıcs 

P1 (0.22;0.5;0.72) 

P2 (0.23;0.53;0.74) 

P3 (0.22;0.5;0.72) 

C3: Product 

P1 (0.31;0.68;0.88) 

P2 (0.39;0.82;1) 

P3 (0.32;0.7;0.91) 

C4: Project team/actors 

P1 (0.22;0.54;0.79) 

P2 (0.26;0.61;0.84) 

P3 (0.23;0.56;0.81) 

C5: Stakeholders 

P1 (0.16;0.43;0.67) 

P2 (0.23;0.54;0.79) 

P3 (0.18;0.46;0.7) 

C6: Resources 

P1 (0.22;0.55;0.79) 

P2 (0.25;0.6;0.81) 

P3 (0.24;0.58;0.81) 
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C7: Environment 

P1 (0.19;0.47;0.81) 

P2 (0.28;0.63;0.95) 

P3 (0.23;0.54;0.91) 

Step 6.  

Determining the fuzzy positive ideal solution (FPIS) and the fuzzy negative ideal so-

lution (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− 

C1: Project governance 

P1 0.45 0.66 

P2 0.38 0.75 

P3 0.41 0.72 

C2: Project characteristics 

P1 0.56 0.52 

P2 0.54 0.54 

P3 0.56 0.52 

C3: Product 

P1 0.45 0.67 

P2 0.37 0.78 

P3 0.43 0.69 

C4: Project team/actors 

P1 0.54 0.57 

P2 0.49 0.62 

P3 0.52 0.59 

C5: Stakeholders 

P1 0.61 0.47 

P2 0.53 0.57 

P3 0.60 0.49 

C6: Resources 

P1 0.53 0.57 

P2 0.50 0.60 

P3 0.51 0.59 

C7: Environment 

P1 0.57 0.55 

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 deter-

mined.  
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Table 10 shows the weighted ranking values for each project, and highlight the com-

parison between categories.  

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) 

C6 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) 

C6 0.22 0.55 0.79 (0.22;0.55;0.79) 

C7 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) 

C7 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. 

 

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 α–cuts representation of fuzzy numbers since it can be 

used regardless of the membership function type. As [100] suggested, the order of trian-

gular fuzzy number is calculated with the below formula: 

Let �� = (a1, b1, c1) and �� = (a2, b2, c2) be two triangular fuzzy numbers,  
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���� > ��� = 1 −
(�����)�

�∗(�����)(�����)
  (1)

The effect of the complexity of category 3 has a higher probability than other catego-

ries. With a probability of 0.56, category 3 has more effect on project complexity than cat-

egory 1. Table 11 shows the result of the category comparison. 

Table 11. Category comparison of triangular fuzzy numbers. 

Pair Probability Comparision 

��3, ��1 0.56 ��3 > ��1 

��3, ��2 0.80 ��3 > ��2 

��3, ��4 0.71 ��3 > ��4 

��3, ��5 0.77 ��3 > ��5 

��3, ��6 0.77 ��3 > ��6 

��3, ��7 0.62 ��3 > ��7 

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 vehi-

cle, 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 in-

novations 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 inno-

vations. Measuring project complexity permits us to understand what the principal areas 

of complexity 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 complex-

ity 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 com-

plexity evaluation appeared to be mostly the consequence of some communication prob-

lems 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 
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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. 

6. Conclusions 

This research’s proposed complexity model is validated by project practitioners and 

the literature review, reliable, computable, independent, intuitive, and user friendly. 

Therefore, 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 as-

pects 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 pro-

ject 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 frame-

work 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 anal-

ysis 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 high-

light areas with high complexity. Consequently, it allows anticipating their impact by 

comparing to other projects and planning mitigation actions to reduce complexity-in-

duced 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 eval-

uation 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 pa-

per. 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 com-

panies, 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. 

Project Governance 
Evaluate the Contribution of Each Factor 

from 1 (Very Weak) to 5 (Very Strong). 

Assistance in Assessing: You 

Can Think of: 
Sources 

1. Processes interdepend-

ence 

To what extent does the processes’ 

interdependence contribute to project 

complexity? 

Number and nature of depend-

encies between processes? 
[53] 

2. Organizational degree 

of innovation 

To what extent does the organizational 

degree of innovation contribute to project 

complexity? 

Are there organizational inno-

vations? 
[53] 

3. Number of deliverables 

To what extent does the number of 

deliverables contribute to project 

complexity? 

 [53] 

4. Number of activities 

To what extent does the number of 

activities contribute to project 

complexity? 

 [53] 

5. Variety of project man-

agement methods and 

tools applied 

To what extent does the variety of applied 

project management methods and tools 

contribute to project complexity? 

 [53,103] 

6. Number of decisions to 

be made 

To what extent does the number of 

decisions to be made contribute to project 

complexity? 

 [53,81] 

7. Level of interrelations 

between phases 

To what extent does the level of 

interrelations between phases contribute 

to project complexity? 

 [53,81] 

8. Dependencies with the 

environment 

To what extent do the dependencies with 

the environment contribute to project 

complexity? 

Is the project dependent and 

highly influenced by environ-

mental factors? 

[53,81] 

9. Interconnectivity and 

feedback loops in the 

task and project net-

works 

To what extent do the interconnectivity 

and feedback loops in the task and project 

networks contribute to project 

complexity? 

 [53,81] 
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Table A2. Complexity factors related to the project characteristics. 

Project Characteristics 
Evaluate the Contribution of Each Factor 

from 1 (Very Weak) to 5 (Very Strong). 

Assistance in Assessing: You 

Can Think of: 
Sources 

1. Number of objectives 
To what extent does the number of objec-

tives contribute to project complexity? 
 [53,81] 

2. Alignment of objectives 

To what extent does the alignment of 

objectives contribute to project 

complexity? 

Are the project objectives 

aligned? 
[53] 

3. Interdependence of ob-

jectives 

To what extent does the interdependence 

of objectives contribute to project 

complexity? 

How many dependencies be-

tween projects are there? 
[80] 

4. Scope largeness 
To what extent does the scope largeness 

contribute to project complexity? 

What is the largeness of the 

scope? 
[53,77] 

5. Duration of the project 
To what extent does the project duration 

contribute to project complexity? 

What is the expected duration 

of the project? 
[53,82] 

6. Dependencies between 

schedules 

To what extent do the dependencies 

between schedules contribute to project 

complexity? 

How many interdependencies 

between the schedules are 

there? 

[1] 

7. The largeness of capital 

investment 

To what extent does the largeness of 

capital investment contribute to project 

complexity? 

What is the total capital 

investment? 
[1] 

8. Support and priority 

level of the project in the 

company 

To what extent does the project’s priority 

level within the company contributes to 

project complexity? 

Is the project of high priority 

and elevated support level 

within the organization? 

[103] 

Table A3. Complexity factors related to the product. 

Product 
Evaluate the Contribution of Each Factor 

from 1 (Very Weak) to 5 (Very Strong). 

Assistance in Assessing: You 

Can Think of: 
Sources 

1. Number of functions to 

be designed 

To what extent does the number of 

functions to be designed contributes to 

project complexity? 

 [5] 

2. Number of components 

and number of new 

components 

To what extent do the number of 

components and the number of new 

components contribute to project 

complexity? 

The number of new compo-

nents = Expected number of 

parts − the number of carry-

over parts. 

[53] 

3. Number of subsys-

tems/integration com-

plexity   

To what extent does the number of 

subsystems contribute to project 

complexity? 

Number of technical systems 

requiring integration and the 

nature of the interfaces 

[87,104] 

4. Variety of the product 

components 

To what extent does the variety of 

product components contribute to project 

complexity? 

 [23,53] 

5. Interdependence be-

tween the components 

of the product  

To what extent does the interdependence 

between the product components 

contribute to project complexity? 

 [53,105] 

6. Technology maturity 
To what extent does the technology 

maturity contribute to project complexity?

Are new technologies such as 

unproven technologies used in 

the project? 

[53,86] 

7. Variety of the technolo-

gies used during the 

project 

To what extent does the variety of the 

technologies used during the project 

contribute to project complexity? 

 [53,71,86] 
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8. Technological degree of 

innovation 

To what extent does the technological 

degree of innovation contribute to project 

complexity? 

Number of innovations appli-

cable to the product’ parts 
[53,71,106] 

9. Technological process 

dependencies  

To what extent do the technological 

process dependencies contribute to 

project complexity? 

 [53] 

10. Variety of technological 

dependencies 

To what extent does the variety of 

technological dependencies contribute to 

project complexity? 

Number of heterogeneity de-

pendencies 
[53] 

11. Change of specifications 

To what extent does the change of 

specifications contribute to project 

complexity? 

Do you expect a change in 

specifications during the pro-

ject? 

[87] 

12. Specifications interde-

pendence 

To what extent does the specifications’ 

interdependence contribute to project 

complexity? 

 Brainstorming 

13. Feasibility and technical 

difficulty of the design 

To what extent do the feasibility and 

technical difficulty of the design 

contribute to project complexity? 

 Brainstorming 

14. Time to market 
To what extent does the time to market 

contributes to project complexity? 
 [87] 

15. Variety of manufactur-

ing processes between 

factories 

To what extent does the variety of 

manufacturing processes between 

factories contribute to project complexity? 

 Brainstorming 

16. Customization degree, 

option variability 

To what extent does the customization 

degree of the product contribute to 

project complexity? 

 Brainstorming 

17. Number of iterations to 

refine the product 

To what extent does the number of 

iterations to refine the product contribute 

to project complexity? 

 [87] 

Table A4. Complexity factors related to the project resources. 

Resources 
Evaluate the Contribution of Each Factor 

from 1 (Very Weak) to 5 (Very Strong). 

Assistance in Assessing: You 

Can Think of: 
Sources 

1. Number and quantity of 

resources 

To what extent do the number and 

quantity of resources contribute to project 

complexity? 

 [53,81] 

2. Number of compa-

nies/projects sharing 

their resources 

To what extent does the number of 

companies/projects sharing their 

resources contribute to project 

complexity? 

 [53,81] 

3. Number of information 

systems 

To what extent does the number of 

information systems contribute to project 

complexity? 

 [53,81] 

4. Variety of information 

systems to be combined 

To what extent does the variety of 

information systems to be combined 

contribute to project complexity? 

 [53,81] 

5. The interdependence of 

information systems 

To what extent does the interdependence 

of information systems contribute to 

project complexity? 

 [53,81] 
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6. Variety of financial re-

sources 

To what extent does the variety of 

financial resources contribute to project 

complexity? 

 [53,81] 

7. Computational capacity 
To what extent does the computational 

capacity contribute to project complexity? 

Does the project have a suitable 

computational capacity? 
Brainstorming 

8. Availability of people, 

material, and any re-

sources due to sharing 

To what extent does the availability of 

people, material, and any resources due 

to sharing contribute to project 

complexity? 

Are human resources and 

materials shared across 

projects? What is the 

availability of key experts? 

[53] 

9. Variety of technical re-

sources to be manipu-

lated  

To what extent does the variety of 

technical resources to be manipulated 

contribute to project complexity? 

 [53] 

10. Resource and raw mate-

rial interdependencies 

To what extent do the resource and raw 

material interdependencies contribute to 

project complexity? 

 [53] 

11. The flexibility of project 

budgets/financial re-

sources 

To what extent does the flexibility of 

project budgets/financial resources 

contribute to project complexity? 

How flexible are project budg-

ets/financial resources? 
[67,82,107] 

12. Project manager control 

over resource selection 

To what extent does the project manager’s 

control over resource selection contribute 

to project complexity? 

Does the project manager have 

control over resource selection? 
[67] 

13. Combined transporta-

tion (supply/shipping) 

To what extent does the combined 

transportation contribute to project 

complexity? 

 [53] 

Table A5. Complexity factors related to the environment. 

Environment 

(Factor Number. Description) 

Evaluate the Contribution of Each Factor 

from 1 (Very Weak) to 5 (Very Strong). 

Assistance in Assessing: 

You Can Think of: 
Sources 

1. Level of competition 
To what extent does the level of competition 

contribute to project complexity? 

What is the level of compe-

tition (e.g., related to mar-

ket conditions)? 

[53,71] 

2. Partnership and multi-

firm alliances 

To what extent do the partnership and 

multi-firm alliances contribute to project 

complexity? 

Do you cooperate with 

other partners in the pro-

ject? 

Brainstorming 

3. Technological/organiza-

tional complexity of the 

environment  

To what extent does the 

technological/organizational complexity of 

the environment contribute to project 

complexity? 

 [53] 

4. Contract types 
To what extent do the contract types 

contribute to project complexity? 

Are there different main 

contract types involved? 
[53,71] 

5. Local standards, laws, 

and regulations 

To what extent do the local standards, laws, 

and regulations contribute to project 

complexity? 

 [53,71] 

6. New standards, laws, 

and regulations 

To what extent do the new standards, laws, 

and regulations contribute to project 

complexity? 

 [53] 

7. Demand for creativity 
To what extent does the demand for 

creativity contribute to project complexity? 
 [53] 
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8. Institutional configura-

tion 

To what extent does the institutional 

configuration contribute to project 

complexity? 

How well and how clearly 

does the project align with 

the institutional 

configuration? 

[53] 

9. Culture configuration 

and variety 

To what extent do the culture configuration 

and variety contribute to project 

complexity? 

Number of different 

languages, number of 

different nationalities 

[51,53,70,71] 

10. Significance on public 

agenda 

To what extent does the significance on a 

public agenda contribute to project 

complexity? 

Is the project related to a 

public agenda? 
[53] 

11. Variety of standards be-

tween development and 

industrialization, and be-

tween sites 

To what extent does the variety of standards 

between development and industrialization 

and between sites contribute to project 

complexity? 

 Brainstorming 

12. HSSE awareness 
To what extent does the HSSE awareness 

contribute to project complexity? 

Are involved parties aware 

of health, safety, security, 

and environmental (HSSE) 

importance? 

[70] 

13. Weather conditions 
To what extent do the weather conditions 

contribute to project complexity? 

Do you expect unstable or 

extreme weather conditions; 

could they potentially 

influence the project 

progress? 

[70,71] 

14. Influence of the public 

perception on the project 

To what extent does the influence of the 

public perception on the project contribute 

to project complexity? 

 [103] 

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 Factor1 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) 

C6 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) 

C7 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 Factor11 Fuzzy Factor12 Fuzzy 

C1 4 (0.6;0.8;1) 4 (0.6;0.8;1) 5 (0.8;1;1)       

C2 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) 
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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)   

C6 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 Factor1 Fuzzy Factor2 Fuzzy Factor3 Fuzzy Factor4 Fuzzy Factor5 Fuzzy Factor6 Fuzzy 

C1 

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) 

P2 4 (3;4;5) 4 (3;4;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) 

C2 

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) 

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 (3;4;5) 1 (1;1;2) 3 (2;3;4) 2 (1;2;3) 5 (4;5;5) 

C3 

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) 

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) 

C4 

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) 

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) 

C5 

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) 

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) 

C6 

P1 2 (1;2;3) 2 (1;2;3) 3 (2;3;4) 3 (2;3;4) 2 (1;2;3) 3 (2;3;4) 

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) 

C7 

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) 

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 Factor10 Fuzzy Factor11 Fuzzy Factor12 Fuzzy 

C1 

P1 2 (1;2;3) 3 (2;3;4) 4 (3;4;5)       

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)       

C2 

P1 5 (4;5;5) 3 (2;3;4)         

P2 5 (4;5;5) 3 (2;3;4)         

P3 4 (3;4;5) 3 (2;3;4)         

C3 

P1 2 (1;2;3) 3 (2;3;4) 5 (4;5;5) 3 (2;3;4) 4 (3;4;5) 2 (1;2;3) 

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) 

C4 

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) 

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) 

C5 
P1 2 (1;2;3) 2 (1;2;3) 1 (1;1;2) 4 (3;4;5) 3 (2;3;4)   

P2 2 (1;2;3) 4 (3;4;5) 1 (1;1;2) 5 (4;5;5) 4 (3;4;5)   
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P3 2 (1;2;3) 2 (1;2;3) 1 (1;1;2) 4 (3;4;5) 3 (2;3;4)   

C6 

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) 

C7 

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) 

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 Factor13 Fuzzy Factor14 Fuzzy Factor15 Fuzzy Factor16 Fuzzy Factor17 Fuzzy   

C1 

P1             

P2             

P3             

C2 

P1             

P2             

P3             

C3 

P1 3 (2;3;4) 3 (2;3;4) 5 (4;5;5) 3 (2;3;4) 3 (2;3;4)   

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)   

C4 

P1 1 (1;1;2) 1 (1;1;2) 3 (2;3;4) 5 (4;5;5) 1 (1;1;2)   

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)   

C5 

P1             

P2             

P3             

C6 

P1 2 (1;2;3)           

P2 4 (3;4;5)           

P3 3 (2;3;4)           

C7 

P1 2 (1;2;3) 2 (1;2;3)         

P2 2 (1;2;3) 4 (3;4;5)         

P3 2 (1;2;3) 2 (1;2;3)         

Appendix B 

Definition 1. Let X be the universe of discourse. A fuzzy set Ã of X is characterized by a 

membership function μÃ(x), where μÃ (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 Ã is defined as: 

μÃ(x)=�

���

���
, � ≤ � ≤ �,

���

���
, � < � ≤ �,

 0, ��ℎ���.

  (A1)

Definition 3. Let �� = (a1, b1, c1) and ��= (a2, b2, c2) be two triangular fuzzy numbers, then the 

distance between them using vertex method [108] is defined as; 

d(��, ��) = �1/3[(�� − ��)� + (�� − ��)� + (�� − ��)�] (A2)

Arithmetic operations with fuzzy numbers: 

Let �� = (a1, b1, c1) and ��= (a2, b2, c2) be two triangular fuzzy numbers, then arithme-

tic operations are defined as follows: 



Sustainability 2021, 13, 3020 30 of 34 
 

�� ⊕  �� = (a1, b1, c1) ⊕ (a2, b2, c2) = (a1+ a2, b1+ b2, c1+ c2) (A3)

�� ⊗  �� = (a1, b1, c1) ⊗ (a2, b2, c2) = (a1 × a2, b1 × b2, c1 × c2)  (A4)

k ��= (ka1, kb1, kc1) (A5)

Assume that DMs evaluate the complexity of k projects. Let ���
�� present the fuzzy 

importance weight of category i ∈ � and factor j ∈ �, ��� �  presents the weight of the ith 

category, ����
�  presents the rating of project k ∈ � for category i and factor j. The matrix 

format of the problem is expressed as follows: 

��� = �
���

�� ⋯ ���
��

⋮ ⋱ ⋮
���

�� ⋯ ���
��

�,  (A6)

��� � = [����, ��� �, … , ��� �],  (A7)

��� = �
����

� ⋯ ����
�

⋮ ⋱ ⋮
����

� ⋯ ����
�

�  (A8)

����  = (aij, bij, cij), ���
��= (eij, fij, gij) and ����  (ui, vi, zi). � ∈ �, ��� � ∈  �, where I and J is 

the set of category and factors respectively.  

The weighted average fuzzy matrix can be calculated considering each factor’s dif-

ferent weights by multiplying the factors’ importance weights and the rates in a fuzzy 

matrix and taking the average.  

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

��� =  [���
�]��� (A9)

��
�� =

�

�
[(���

��  ⊗ ����
� ) ⨁ (���

�� ⊗ ����
� ) ⨁ … ⨁ (���

�� ⊗ ����
� )]  (A10)

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 �� denote the normalized fuzzy matrix, 

�� =  [�̃�]���  (A11)

�̃� = �
��

�∗
,
��

�∗
,
��

�∗� (A12)

�∗ = max
�

�� , � ∈ � (A13)

The weighted normalized fuzzy matrix is calculated considering each category’s dif-

ferent weights by multiplying the category’s importance weights and the normalized 

weighted average rates fuzzy matrix.  

Let � � denote the weighted normalized fuzzy matrix,  

� � = [���]���, (A14)

��� = ���� ⊗ �̃�  (A15)

Now, ��� ∈ [0,1], ��� ∀� ∈ �. 

The fuzzy positive ideal solution (FPIS, S+) and the fuzzy negative ideal solution 

(FNIS, S-) define as follows respectively; 

S+ = (���
�, ���

�, … , ����) (A16)

S- = (���
�, ���

�, … , ���
�) (A17)
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where ���� = (1, 1, 1) and  ��� � = (0, 0, 0), ��� ∀� ∈ �. 

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 num-

bers (given in Definition 3), is derived respectively as: 

��
� = ∑ �(���,�

��� ����), ∀� ∈ �  (A18)

��
� = ∑ �(���,�

��� ����), ∀� ∈ �  (A19)

The closeness coefficient index (CCI) of each alternative project is calculated as fol-

lows: 

���� =
��

�

��
�� ��

�, ∀� ∈ � (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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