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Abstract

In this study, the evaluation and ranking of competencies in traditional and agile project
management were examined using a structured Multi-Criteria Decision-Making (MCDM)
algorithm. To determine the most important competency group, a direct assessment
method by experts was employed. The Analytic Hierarchy Process method extended with
triangular fuzzy sets (FAHP) was used to determine the criteria weights applied for ranking
the specific competencies within the most important groups. For ranking competencies
within these key groups, the Technique for Order Preference by Similarity to Ideal Solution
method extended with triangular fuzzy sets (FTOPSIS) was applied. The same algorithmic
procedure was carried out for both traditional and agile project management approaches,
in a case study conducted across four companies in the automotive industry. The study
showed that, in traditional project management, the most important competency group
is related to organizational and managerial skills and competencies. On the other hand,
in agile project management, the most important competency group refers to contextual
skills and competencies. Furthermore, within the traditional approach, the most significant
specific competency is project goal orientation, while in the agile approach, the most
significant specific competency is customer and stakeholder orientation.

Keywords: Multi-Criteria Decision-Making algorithm; FAHP; FTOPSIS; competencies;
traditional project management; agile project management; automotive industry
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of the business environment. Depending on the chosen project management methodology,
the importance of particular competencies can vary significantly. Thus, there is a need for
a systematic analysis and ranking of competencies according to their importance within
different project management approaches.

One of the key challenges in contemporary project management is aligning the compe-
tency profiles of project managers and team members with organizational requirements
and the nature of the project itself. In modern organizations facing rapid technological
changes, market globalization, and increasing complexity of customer demands, project
management has become a key mechanism for achieving strategic goals. The success of
project management largely depends on a range of competencies possessed by project man-
agers and team members. Traditional and agile project management approaches require
different sets of skills and knowledge, making it essential to identify which competencies
hold greater relative importance within each of these contexts.

The aim of this research paper is to identify and compare the importance of key
competencies in traditional and agile project management by applying Multi-Criteria
Decision-Making (MCDM) methods based on fuzzy logic. The case study was conducted
in a company operating in the automotive industry.

The differences between competencies required by these two approaches indicate the
necessity for contextual understanding and the selection of personnel aligned with the
project and organizational requirements. For this reason, it becomes essential to identify a
reliable method for evaluating and ranking competencies that are tailored to the specific
conditions of each approach.

In this research, two fuzzy MCDM methods—Fuzzy Analytic Hierarchy Process
(FAHP) and Fuzzy Technique for Order Preference by Similarity to Ideal Solution
(FTOPSIS)—were employed to rank competencies according to their importance. The
decision-making process was grounded in the evaluation of expert opinions in the field
of project management, and the results highlight significant differences in the importance
of specific competencies between traditional and agile project management approaches.
The contribution of this study lies in improving personnel selection and training, as well as
optimizing project management practices in line with environmental demands.

To determine the most important competency group for both traditional and agile
project management approaches, a direct assessment method by experts was used. Their
assessments were aggregated into a single evaluation using the fuzzy arithmetic mean
operator. After that, the weights of the criteria used to rank competencies within the
most important competency group were determined using the FAHP method. In this case,
the problem was approached as a group decision-making task, where the assessments of
experts were aggregated using the arithmetic mean operator.

The ranking of competencies was assessed based on three criteria: (1) the importance of
the competency for successful project team leadership; (2) the relevance of the competency
for collaboration among team members; and (3) the impact of the competency on project
realization. The FAHP method was used to determine the criteria weights, and these
weights were identical for both project management approaches.

For ranking competencies within the most significant competency group, the FTOPSIS
method was employed. Thus, the research identified not only the competency group
but also the specific competencies within the most critical group that could significantly
influence the formation of project teams for each of the approaches considered. In other
words, these are the competencies or skills that should be sought in new team members or
developed further in existing team members.
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A total of eleven experts from four different companies in the automotive industry
participated in the study. All four companies are Tier-1 suppliers within the automotive
supply chain.

2. Theoretical Background

In traditional project management, the emphasis is placed on planning and predictably
following a project plan to optimize and enhance the efficiency of project activities [5,6].
The traditional approach is based on the premise that user requirements do not change and
remain constant throughout the entire project. However, clients often find it difficult to
fully articulate all requirements at the project’s outset [7]. When the project team clearly
understands what is expected, activities are meticulously planned to deliver the requested
solution. This approach highlights the importance of well organized and disciplined
planning methods and strict change control, as the project progresses according to a
predefined sequence [8].

Due to its formal nature, communication is usually hierarchical, and managers are
perceived as central figures responsible for coordinating all aspects of the project. In [9],
authors point out that this approach can be too rigid in environments where user require-
ments are subject to frequent changes. That is why agile models are increasingly being
applied outside of the software industry, including marketing, product development, and
education, to increase organizational agility and the ability to quickly adapt.

Agile project management emerged to overcome the shortcomings and inadequacies
of traditional project management such as rigidity, poor responsiveness to changes, and
detailed upfront planning. Traditional project management methods are not applicable to
agile projects, as these projects typically start without fixed and immutable specifications,
and frequent changes occur during project execution [10]. According to the authors [11],
the manager’s role is changing from a traditional manager to a facilitator who encourages
team collaboration, resolves obstacles, and fosters a culture of learning.

2.1. Competencies in Project Management

According to the Project Management Institute (PMI), project manager competencies
are divided into three groups [12]: knowledge competencies, personal competencies,
and performance competencies. Knowledge competencies refer to specific knowledge in
the field of project management. Personal competencies refer to behaviours, attitudes,
and personality characteristics that contribute to a project manager’s ability to better
manage projects and include: communication, leadership, management, conceptual skills,
effectiveness and professionalism. Performance competencies are related to what a manager
can achieve by applying acquired knowledge and personal skills. These are: project
integration management, project scope management, time management, cost management,
quality management, human resource management, project communication management,
risk management, procurement management and stakeholder management.

Based on the analysis of scientific research papers, the most important skills and
competencies of agile project manager are: organizational skills, orientation to results and
continuous improvement, organization of meetings, communication skills, orientation to
problems that may occur, analytical thinking and reasoning, critical thinking, knowledge
and understanding of the organization environment (supplier, customers), the skill of
flexible analysis of the situation, the observation of emergency situations, understanding of
uncertain, complex and abstract situations, management of changes and effective problem-
solving [13,14].

The most important personal qualities of agile project managers are: leadership ca-
pabilities, emotional intelligence, professionalism, empathy and understanding, innova-
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tion, confidence, ability, efficient decision-making, charisma and positive attitude, self-
consciousness, flexibility, reliability, and ethical behaviour [14]. Leadership skills, the
ability to create a vision, creativity, tolerance, motivation, flexibility and communication
are especially important. Authors [15] consider leadership skills to be the most important,
highlighting them as a key factor in the success of project managers in different types
of projects.

2.1.1. Traditional Project Management

Traditional project management, also known as the waterfall method or waterfall
model, represents a linear and sequential approach to project management that is applied
in the simplest situations when the project is short, when the goals and requirements of the
users/clients are clear and when it is necessary to achieve results within the defined time,
scope and budget [1]. The ultimate goal of traditional project management is to finalize the
project within the planned deadline, and budget according to the defined scope [16]. Tradi-
tional approaches to project management, such as Project Management Body of Knowledge
(PMBOK) [2] and PRojects IN Controlled Environments Version 2 (PRINCE2) [17], rely on
precisely defined phases (initiation, planning, execution, monitoring and closure—which
take place in a linear sequence), strict control and clearly structured documentation. In such
an environment, the most important competencies include the ability to plan long-term,
manage time and resources, manage risks, report skills, control and report skills, knowledge
of standards and methodologies (such as PMBOK or PRINCE2).

Project managers have a leading role in project management and are key players in
their successful implementation [8,18]. In the traditional project management approach, the
project manager is responsible for achieving the project’s objectives, controlling the time,
cost, and scope of the project. They must possess the appropriate qualities, knowledge,
skills, competencies and abilities in order to be able to direct the work of a larger number of
project team members towards the realization of the project’s goals. Authors [19] proposed a
method for evaluating project managers based on the classification of competencies in three
key dimensions: knowledge, performance and behaviour. For each of these dimensions,
corresponding sub-criteria are defined, which enable a comprehensive assessment of
the candidate.

2.1.2. Agile Project Management

Agile management as a method of project management was created as a response to
the increasing uncertainty and variability in the business environment, especially in the IT
industry and software development, in order to overcome the shortcomings and inadequa-
cies of traditional project management such as rigidity, unresponsiveness to changes, and
detailed planning [20]. With agile projects, traditional project management is not applicable
because these projects usually start without firm and unchanging specifications and because
frequent changes occur during project implementation. The agile project management
approach is adequate in complex and uncertain situations when changes are frequent and
unpredictable; if it is not possible to define the project plan to a high level of detail; and
when it is not possible to carry out precise assessments, early predictions and solution
design at the very beginning because changes in requirements are very frequent in order to
more clearly define product requirements [5]. In this project management approach, the
project manager is simultaneously a leader, entrepreneur, resource allocator, integrator, and
negotiator [13]. As a leader, the project manager leads the project team, coordinates the
activities of all members of the project team, and directs their activities [21].

In contrast to the traditional project manager who must possess strong organizational
skills (goal orientation, the ability for strategic and short-term planning, meeting organi-
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zation, and thorough understanding of the organizational structure and culture), as well
as technical and project management skills (technical expertise, specialized knowledge
related to the application of project management tools and techniques, cost and financial
management, material resource management, human resource management, and project
risk management), the agile project manager must particularly exhibit people-oriented
skills (team coordination, member motivation, stress management, conflict resolution, the
ability to organize training through seminars for project team members), contextual skills
(understanding, analyzing, and interpreting the organization’s environment—suppliers,
customers, customer orientation—and the ability to negotiate with clients), and skills that
enable system stabilization during crisis situations (proactive problem analysis, effective
problem-solving abilities, the capacity to comprehend complex and abstract situations, the
ability to respond quickly to uncertainty, and a continuous drive for improvement).

2.2. Multi-Criteria Decision-Making in Project Management

The problem of ranking alternatives is well recognized in the literature and has been
applied across numerous domains such as supplier selection [22], location selection [23],
system reliability assessment [24,25], transport [26], material selection [27], vehicle
selection [28,29], materials processing [30], renewable energy systems [31], information and
communication technology [32], sports management [33], and many others. However, a re-
view of the literature reveals that only a limited number of scientific studies have addressed
the analysis and ranking of the skills and competencies that project managers and other
team members involved in project implementation should possess within different project
management approaches. Furthermore, the literature review indicates a notable scarcity of
research aimed at quantitatively comparing the importance of individual competencies in
different contexts, particularly through the application of MCDM methods.

In addition to the above, the use of fuzzy logic for evaluating expert subjective judg-
ments has been especially underexplored, despite the fact that this methodology provides
a robust means of integrating uncertainty and variability in assessments. Therefore, it can
be concluded that there is a growing need for conducting research of this kind.

Despite the fact that MCDM methods have not been used for analyzing competencies
in project management, they have generally been applied in project management in a
broader sense. The study by authors of [34] provides a comprehensive overview of MCDM
methods applied at various stages of the decision-making process for the selection of a
project manager. In [35], authors developed a MCDM model for project manager selection,
combining a group decision support system with a MCDM approach to effectively solve the
candidate selection problem. Within the framework of the proposed model, the evaluation
of candidates and the determination of criteria weights is done in a linguistic form which is
then transformed into triangular fuzzy numbers, thereby enabling a better expression of
uncertainty and subjectivity in the decision-making process. Following a similar principle,
in [36], the authors selected the members of the process failure mode and effects analysis
team, which can also be characterized as a type of project.

In modern project management conditions, the selection of a competent project man-
ager is a key success factor. The authors of [37] developed a multi-criteria methodology
for project manager selection based on grey criteria. They list oral communication skills,
technical expertise, problem-solving ability and decision-making skills as the most impor-
tant skills. In [38], the authors propose an innovative model for the evaluation of project
managers that integrates the method of interval decision-making with a new model of
project manager competencies. The authors point out that traditional approaches often
ignore uncertainty and imprecision in evaluator assessments and introduce interval values
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in order to better capture the variations in assessments and the subjective perception of
evaluation criteria.

The FAHP is an extension of the classical AHP method developed by the authors
of [39], enabling analytical evaluation of decision-making problems under conditions of
uncertainty, which is modelled using TFNs. Although numerous methods and approaches
for determining criteria weights have been developed over time [40-44], AHP has remained
one of the most widely used and respected in the relevant literature.

In traditional AHP, decision-makers express preferences between pairs of criteria using
a numerical scale, which often fails to capture the inherent nature of human reasoning.
In this context, fuzzy logic is employed to better model linguistic assessments, thereby
reducing errors caused by cognitive limitations. Due to its ability to process imprecise
and subjective data, FAHP has been widely applied in areas such as human resource
management, risk assessment, and strategic planning.

The use of the FAHP enables a structural decomposition of the problem through a hi-
erarchy of goals, criteria, and alternatives, while simultaneously incorporating uncertainty
and linguistic values into the evaluation process [45]. The FAHP method utilizes fuzzy
numbers to quantify imprecision in human judgement, which is particularly useful when
experts express preferences using terms such as “slightly more important”, “significantly
more important”, or “extremely more important”.

The FTOPSIS method is an extension of the classical TOPSIS approach developed by
the authors of [46], and is based on the concept that the best alternative is the one closest to
the ideal solution and farthest from the negative-ideal solution. In its fuzzy variant, the
subjective evaluations of decision-makers are expressed as fuzzy numbers, allowing for
greater flexibility in interpreting imprecise judgments. The Fuzzy TOPSIS method enables
the selection of the best alternatives based on their proximity to the ideal and anti-ideal
solutions. This method has proven to be highly useful in situations involving a large number
of criteria with varying levels of importance, as it allows for the ranking of alternatives
according to their relative closeness to an ideal competency profile. It is particularly well
suited for ranking alternatives described by multiple quantitative and qualitative criteria,
making it appropriate for the evaluation of competencies that encompass both technical
and behavioural aspects.

In order to improve the decision-making process in the field of personnel selection,
the authors of [47] applied the Fuzzy TOPSIS method within the framework of MCDM.
The focus of their research was aimed at supporting decision-making in the selection of
IT professionals, taking into account numerous criteria that include technical skills, work
experience, interpersonal skills and other relevant characteristics of candidates.

The authors of [19] developed an integrated model that combines fuzzy AHP and
TOPSIS techniques to improve the project selection process. Fuzzy AHP was used to deter-
mine the relative importance of criteria, taking into account imprecision and subjectivity in
expert opinions. After that, the TOPSIS method was applied to rank the project alternatives
in relation to the defined criteria.

In [48], a methodological framework for decision-making in the domain of project
selection by applying an integrated approach that combines the FAHP and TOPFSIS tech-
niques is applied. Given the multi-criteria nature of project selection problems, the authors
emphasized the importance of appropriate weighting of criteria and the ranking of alterna-
tive solutions under conditions of uncertainty and imprecision, which are characteristic of
real-world decision-making environments.
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3. Research Methodology
3.1. Research Objectives

The objective of this research is to determine the most important competency group
required for the successful implementation of projects under both traditional and agile
project management approaches, as well as to rank the identified competencies within the
most significant competency group for each of these approaches.

The methodological framework of this study is based on the quantitative MCDM
approach, incorporating fuzzy logic to model subjective and imprecise expert assessments.
Given the complexity of competency profiles and the differences between organizational
project management approaches, two complementary methods were selected: FAHP and
FTOPSIS. Through the application of these two methods, an objective ranking of compe-
tencies based on their relative importance was achieved, and the extent to which these
competencies are expressed in different project management contexts was evaluated. These
methods enable a structured identification of the importance of competencies and their
assessment across different project management environments—both traditional and agile.

3.1.1. Research Questions
The research conducted in this paper aims to address the following research questions:

1. Which project management competencies are of the greatest importance in traditional
and agile approaches?

2. What are the most important competencies within most significant competency groups
in both project management approaches?

3.1.2. Research Hypotheses

The hypotheses were developed based on a review of the literature and the results
of previous studies. The evidence supporting the hypotheses is related to the context
of the automotive industry. The objective is to determine whether the results of studies
conducted in other domains correspond to the results obtained by applying the proposed
methodology and case study in the automotive industry. The hypotheses are as follows:

e H1I1: The importance of a competency group varies depending on the project manage-
ment approach.

H1 validation: The hypothesis is confirmed if different competency groups occupy
the first rank in both approaches (traditional and agile). Otherwise, the hypothesis is
rejected as false.

e  H2: In traditional project management, the most important competencies are organiza-
tional and technical competencies.
H2 validation: The hypothesis is considered confirmed if the competency groups
organizational/managerial skills/competencies or technical project management
skills/competencies occupy the first rank. Otherwise, the hypothesis is rejected
as false.

e  HB3: In agile project management, the most significant competencies are contextual
and people-oriented skills.
H3 validation: The hypothesis is considered confirmed if the competency groups
people-oriented skills/competencies or contextual skills/competencies occupy the
first rank. Otherwise, the hypothesis is rejected as false.

3.2. The Algorithmic Implementation Steps

For the purpose of clarifying the applied approach, Figure 1 presents the re-
search methodology graphically through an algorithm. Each of the steps shown
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are further explained below and, where necessary, supported by the corresponding
mathematical equations.

Phase 1: Phase 2: Phase 3:
Formulation of the Criteria weighting Competency
MCDM problem (FAHP) ranking (FTOPSIS)

Expert team
formation

Criteria set
definition

Fuzzy decision
matrix construction

Questionnaire Fuzzy pairwise Normalization and
development comparison matrices weighting
'y
Collect expert o
assessments
Distance from FPIS
and FNIS
Aggregation of . Closeness
assessments ) £u=2y aggeegation coefficient
Key competency Fuzzy criteria Final competency
groups . weights ranking
Phase output Phase output Phase output

Figure 1. Algorithm of the FAHP-FTOPSIS approach application.
The abbreviations used in Figure 1 are defined in the Algorithmic Implementation Steps.

3.3. Algorithmic Implementation Steps of the FAHP-FTOPSIS Approach

G, for both tra-
ditional and agile project management approaches, a direct expert assessment method

To determine the most important competency group, g, = 1,...,

was employed, and the obtained evaluations were aggregated using the arithmetic mean
operator. A total of eleven experts (decision-makers), formally denoted ase,e =1,...,E,
from four companies operating in the automotive industry participated in this study. All
four companies are Tier-1 suppliers within the automotive supply chain.

Based on a review of the literature and consultations with experts in the field of project
management, a list of nine competency groups was defined, as follows:

e  DPersonal traits (§ = 1);

e  Organizational /managerial skills/competencies (g = 2);

e  Technical project management skills/competencies (g = 3);
e  People-oriented skills/competencies (g = 4);

Communication skills (g = 5);

Task-oriented skills/competencies (g = 6);

Skills related to self-development and the development of team members (g = 7);
Contextual skills/competencies (g = 8);

Skills for stabilizing systems during crisis situations (g = 9).

In this study, the assessment of the competency groups, g,¢ =1, ..., G, was carried

out by experts, ¢,e =1,...,E:
R&D Manager—Company 1 (e = 1);
Production Manager—Company 1 (e = 2);

(
Plant Manager—Company 1 (e = 3);
Plant Manager—Company 2 (e = 4);
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Operations Manager—Company 2 (e = 5);

Process Engineering Manager—Company 2 (e = 6);
Quality Manager—Company 3 (e = 7);

Supply Quality Engineer—Company 3 (e = 8);
Plant Manager—Company 3 (e = 9);

Quality Manager—Company 4 (e = 10);

Maintenance Manager—Company 4 (e = 11).

After identifying the most important competency groups for traditional and agile
project management approaches, the weights of the criteria, k,k = 1,..., K based on which
the competencies, i,i = 1,..., I, were evaluated were determined. For this purpose, the
FAHP method was employed. In this paper, the following three criteria, k,k = 1,...,K,
were considered:

e the importance of the competency for effective project team leadership (k = 1);
e the importance of the competency for collaboration among team members (k = 2);
e the impact of the competency on project implementation (k = 3).

The criteria weights were determined at the level of each expert and then aggregated
using the fuzzy arithmetic mean operator.

The competencies were identified based on data from the relevant literature. The
FTOPSIS method was applied to determine the ranking of competencies within the most im-
portant competency group for both traditional and agile project management approaches.

Therefore, the algorithmic implementation steps were given in three phases:
(1) determining the most important competency group; (2) determining the weights of
criteria; and (3) ranking of competencies within the most important competency group.

3.3.1. Determining the Most Important Competency Group

Step 1: Individual assessments of experts, e,e =1, ..., E, of the importance of compe-
tency groups, §,¢ =1, ..., G, that is, the formation of the matrix of individual assessments,
z .
“lExG
The evaluations were performed using five predefined linguistic terms modelled using
TFNs, which can be represented as follows:

The competency group has almost no importance (Z1): (1,1, 5.5);
The competency group has low importance (22): (1, 3, 7);

The competency group has moderate importance (Z3): (2, 6, 8);
The competency group has high importance (Z4): (3,7, 9);

The competency group has very high importance (Z5): (4.5, 9, 9).

Step 2: Aggregation of experts’ assessments using the fuzzy arithmetic mean operator:

~ 1 ~
Zg:EZ Zeg (1)

Step 3: Defuzzification of the obtained values using the centroid method [49], z,, and
ranking of the competency groups. The highest-ranked competency group is the one with
the largest value of z¢. The opposite also applies.

3.3.2. Determining the Criteria Weights

Step 1: Forming pairwise comparison matrices to determine the relative importance of
the criteria:

~e
[Wkk,] kK =1,... Kk#ki;e=1,...,E )
KxK
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In this study, the assessment of the relative importance of criteria, k = 1,...,K,
was carried out by experts, e,e = 1,...,E. The evaluations were performed using five
predefined linguistic terms, which can be represented as follows:

The criteria are of equal importance (1): (1, 1, 1);
Very slightly more important (W1): (1, 1, 5.5);
Slightly more important (W2): (1, 3, 7);
Moderately more important (W3): (2, 6, 8);
Significantly more important (W4): (3,7, 9);
Extremely more important (W5): (4.5, 9, 9).

Step 2: Determining the consistency of experts’ assessments using the eigenvector
method [50], with the prior use of the defuzzification method [49]. First, a defuzzied
pairwise comparison matrix is formed, [Wf,, | ., . so that:

~ €
Wi = dufuzz (Wkk/), kk=1,...,Kk#kl;e=1,...,E 3)

Step 3: Determining the weights of criteria, k, k = 1,...,K, at the level of each
decision makere, ¢ = 1,..., E, using the methodology developed in [51]. We can formally
present the obtained relative criteria as follows:

~e
wi = (I, my, i) 4)

Wy, k=1,...,Ke=1,...E )

Step 4: Aggregated criteria weights Wy using the fuzzy arithmetic mean operator are
calculated [52]. The aggregated criteria weights can be formally presented as follows:

wy = (I, my, ng) (6)

In this way, the aggregated criteria weights on the basis of which the ranking of
competencies within the most important competency group is performed.

3.3.3. Ranking of Competencies Within the Most Important Competency Group

Step 1: Formation of the fuzzy decision matrix [;ik} K This matrix is formed based
X
on the estimates of the experts. They expressed assessments using seven predefined
linguistic terms, represented by TFNss:

e  The competency has no importance (V1):
(0,0.15, 0.3);
e  The competency has very low importance (V2):

(0.1,0.25,0.4);

e  The competency has low importance (V3):
(0.2,0.35,0.5);

o  The competency has moderate importance (V4):
(0.35, 0.5, 0.65);

e  The competency has high importance (V5):
(0.5,0.65, 0.8);

e  The competency has very high importance (V6):
(0.6,0.75,0.9);

e  The competency has absolute importance (V7):
(0.7,0.85, 1).

https:/ /doi.org/10.3390/a19020129


https://doi.org/10.3390/a19020129

Algorithms 2026, 19, 129

11 of 25

The domain of these TENs is defined on a measurement scale ranging [0-1]. A value
of 0 indicates the lowest level of competency importance, while a value of 1 represents the
highest level of competency importance.

The experts’ assessments are aggregated using the fuzzy arithmetic mean operator to
obtain a unified decision matrix.

Step 2: Formation of a fuzzy normalized decision matrix Pik} K’ Normalization was
performed using the linear sum-based normalization. The choice of normalization method
is a very complex problem and can affect the final ranking of alternatives [53,54]. In this
case, the linear sum-based normalization was chosen due to its consistency and reliability.

Step 3: Formation of a fuzzy weighted normalized decision matrix [gik} K
X

Sk=wpryii=1...,I kk=1,..K )
Step 4: Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS):
~t
s = (1, 1, 1), that is FPIS;
5 = (0, 0, 0), that is FNIS.

~+ ~—
Step 5: Determining distances from FPIS, d; to FNIS, d; . It is calculated according to
a proposed procedure:

Distance from FPIS:
~+ Koot <
d; = Z‘Sk = Sik 8)
k=1
Distance from FNIS: P
d; = 2\32 — S )

k=1

~+ ~—
Step 6: Defuzzification of the obtained values d; and d; , applying the methodology

presented in [49], so that:

~t
df =dufuzz (dl-),i,i:l,...,l (10)

d; =dufuzz <di),i,i:1,...,l 11
Step 7: Determining the approximation coefficient C;, an alternative to the ideal solution:

C = il (12)
Yod +df
wherei, i = 1,...,IL
Step 8: Ranking of alternatives based on the value of the closeness coefficient C;, where
the alternative with the highest C; value is ranked first. The reverse also holds true.

4. Case Study

This section presents the results obtained for traditional and agile project manage-
ment using the FAHP-FTOPSIS algorithmic implementation steps. This is followed by a
discussion on the obtained results.

4.1. Case 1: Traditional Project Management

According to Step 1 of Phase 1 of the methodological algorithm, the experts evaluated
the importance of each competency group as presented in Table 1.
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Table 1. Expert evaluation of the importance of competency groups (traditional approach).
Expert g=1 g§=2 g=3 g=4 g=5 g=6 g§=7 g=8 g=9
e=1 Z3 Z5 74 Z3 Z2 Z3 Z2 71 Z1
e= 74 Z5 74 72 72 Z3 7Z2 71 71
e= Z3 74 74 Z3 73 72 72 72 71
e=4 Z3 Z4 Z5 Z2 Z2 Z2 Z1 Z2 Z1
e=5 Z2 Z5 74 71 Z3 Z3 Z2 Z2 71
e=06 74 Z5 Z3 74 Z2 Z2 71 Z2 Z1
e=7 74 Z3 Z5 Z2 71 Z1 Z2 Z2 71
e= 74 Z5 73 Z3 72 72 71 72 Z2
e= Z2 Z5 Z4 Z4 Z1 Z2 Z1 Z2 Z1
e=10 Z4 Z4 Z4 Z2 Z2 71 71 71 71
e=11 74 Z5 Z3 Z3 Z3 Z2 Z2 Z2 71

In the second step, the aggregation of experts” assessments is performed using the
fuzzy arithmetic mean operator, while in the third step, defuzzification and the ranking
of competency groups are carried out. The calculated values, as well as the ranking of
competency groups, are presented in Table 2.

Table 2. Ranking of competency groups—traditional approach.

Competency Group Aggregated TFN Crisp Value Rank
g=1 (2.364, 6.000, 8.364) 5.576 3
g=2 (3.864, 8.182, 8.909) 6.985 1
g=3 (3.000,7.091, 8.727) 6.273 2
g=4 (1.727, 4.636, 7.591) 4.652 4
g=>5 (1.273, 3.455, 7.000) 3.909 5-6
g==6 (1.273, 3.455, 7.000) 3.909 5-6
g=7 (1.000, 2.091, 6.318) 3.136 8
g=2_8 (1.000, 2.455, 6.591) 3.348 7
g=9 (1.000, 1.000, 5.500) 25 9

As shown in Table 2, within the traditional project management approach, the most
important competency group is ¢ = 2, i.e., organizational /managerial skills and compe-
tencies. Ranked second are technical project management skills and competencies (g = 3),
followed by personal traits competencies (¢ = 1). The least important competency group
for the traditional approach consists of the skills that support system stabilization during
crisis situations (g = 9).

In the second phase of the methodological algorithm, it is necessary to determine the
criteria weights based on which the competencies within the most important group will be
ranked. Eleven decision-makers provided their evaluations as follows (Step 1):

~e=l 1 W1 1/W1 ~e=2 11 1/W1 ~e=3 1 W1 Wi
Wkk’ = 1 1 /W2 ’ Wkk’ == 1 1/W1 ’ Wkk’ == 1 1
1 1 1
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~e=t [1 W1 /W3] ~e=5 [1 Wl 1/W2]  ~e=6 1 w41

Wi = 1 1/W5|, W = 1 1/W5|, Wy = 1 1/W4
1 1 1
~e=7 1 1 1/W5 ~e=8 1 w2 1/W2 ~e=9 1 W5 W2
Wkk’ = 1 1/W5 ’ Wkk’ = 1 1/W5 ’ Wkk’ = 1 1/W2
1 1 1
~e=10 1 W4 Wil ~e=11 1 W2 W5
Wi = 1 1/W3|, Wy = 1 W2
1 1

As can be seen in the previous matrices, the experts expressed their assessments of
the relative importance of the criteria. Each criterion was compared with the other criteria
through a pairwise comparison matrix. For this purpose, the previously defined fuzzy
measurement scale from W1 to W5 was used. A reciprocal value indicates the inverse
situation, i.e., that the considered criterion is less important relative to the one it is compared
with. A value of one indicates a comparison of a criterion with itself.

In the second step of the second phase of the methodological algorithm, the consistency
of the pairwise comparison matrices was checked. All matrices were consistent, i.e., the
Consistency Ratio (CR) was less than 0.1. This was expected, as the pairwise comparison
matrices were of size 3 x 3. In the third step, the weights of the criteria were determined at
the level of each expert, as shown in Table 3.

Table 3. Criteria weights per expert.

Expert k=1 k=2 k=3
el (0.12,0.28,0.76) (0.06, 0.14, 0.38) (0.24,0.58, 1.22)
e2 (0.11, 0.33, 0.47) (0.11, 0.33, 0.47) (0.20, 0.33, 1.46)
e3 (0.22,0.50, 0.95) (0.11,0.25, 0.48) (0.11,0.25, 0.48)
ed (0.07,0.17, 0.52) (0.04,0.11, 0.34) (0.32, 0.72, 1.45)
e5 (0.08,0.17,0.72) (0.04,0.11, 0.25) (0.26,0.72,1.62)
e6 (0.18,0.44, 1.10) (0.05,0.12, 0.28) (0.18, 0.44, 1.10)
e7 (0.04, 0.10, 0.31) (0.04, 0.10, 0.31) (0.35, 0.80, 1.55)
e8 (0.10, 0.24, 0.68) (0.05,0.13, 0.37) (0.27,0.63, 1.25)
€9 (0.32, 0.63, 1.48) (0.04, 0.10, 0.27) (0.11, 0.27, 0.65)
el0 (0.24, 0.50, 1.22) (0.06, 0.13, 0.34) (0.16,0.37, 0.98)
ell (0.25,0.69, 1.64) (0.08,0.23, 0.79) (0.04, 0.08, 0.25)

In step 4 of the methodological algorithm, the weights were aggregated using
the fuzzy arithmetic mean operator: w; = (0.15, 0.36, 0.88); w, = (0.06, 0.16, 0.44);
w3 = (0.19,0.48,1.10).

The calculated relative importance of the criteria will also be used in Case 2 (Agile
Project Management).

In the third phase of the methodological algorithm, it is necessary to determine the
ranking of competencies within the most important competency group by applying the
FTOPSIS method, taking into account the calculated relative importance of the criteria. The
fuzzy decision matrix is presented in Table 4.
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Table 4. The fuzzy decision matrix (at the level of each expert; traditional approach).
Competency k=1 k=2 k=3
i1 (vV7,v7,V6,V7,V7,V7, (V2,V3,V2,V2,V1,V2, (V7,V7,V7,V7,V6,V7,
B Ve6,V7,V7,V7,V7) V3,V2,V2,V2,V2) V7,V7,V6,V7,V7)
{22 v7,v7,v7,v7,V7,V7, (V6,V6,V5,V6,V6,V7, (V7,V7,V7,V7,V7,V7,
B V7,V7,V7,V7,V7) V6, V5, V6, V6, V6) v7,V7,V7,V7,V7)
=3 (V7,Ve6,V6,V7,V7,V7, (V2,V1,V2,V3,V2,V2, (V7,V7,V7,V6,V7,V6,
B V7,V6,V7,V7,V7) V3,V2,V2,V1,V2) V7,V7,V6,V7,V7)
- (V7,Ve6,V7,V6,V7,V7, (V3,V3,V4,V3,V3,V2, (V7,V7,V7,V7,V6,V7,
B V7,V7,V7,V6,V7) V3,V3,V4,V3,V3) v7,V7,V7,V7,V7)
{25 v7,v7,vV7,Ve6,V7,V7, (V4,V5,V4,V3,V4,V5, (V7,V7,V7,V7,V7,V7,
B V7,V7,V7,V7,V7) V4,V4,V4,V3,V4) v7,V7,V7,V7,V7)
=6 (v7,v7,Vv7,V7,V7,V6, (V4,V4,V5,V4,V3,V4, (V7,V7,V6,V7,V7,V7,
B V7,V7,V7,V7,V7) V4,V4,V5,V4,V4) v7,V7,V7,V7,V7)
{7 (V5,Ve6,V5,V5,V6,V5, (V3,V4,V3,V3,V2,V4, (V7,V7,V7,V6,V7,V7,
B V5, V5, V4, V5, V5) V3,V3,V3,V3,V3) V7,V7,V7,V6,V7)
i=8 (V6,V6,V5,V6,V6,V6, (V3,V4,V4,V3,V3,V3, (V5,V6,V5,V5,V5, Ve,
B V6, V5,V6, V6, V6) V3,V4,V3,V4,V3) V5, V5, V5, V5, V5)
i=9 (V7,v7,V6,V7,V7,V7, (V2,V2,V3,V2,V2,V2, (V5,V5,V5,V5,Ve, V5,
B V7,V7,V7,V7,V7) V1,V2,V2,V3,V2) V5, V5, V5, V5, V5)
(=10 (V7,Ve6,V7,V7,V7,V7, (V2,V2,V3,V2,V2,V1l, (V5,V5,V4,V5,V5, V5,
B V7,V7,V6,V7,V7) V2,V2,V3,V2,V2) V5, V6, V5, V5, V5)
— v7,v7,v7,v7,V7,V7, (V2,V2,V3,V2,V2,V2, (V6,V6,V7,V6,V7,V6,
- v7,V7,V7,V7,V7) V2,V3,V2,V2,V2) V6, V6, V5,V6, V6)
i—12 (Ve,V7,V7,V6,V6,V5, (V2,V1,V2,V2,V2,V2, (V6,V6,V6,V5, V6, V6,
a V6,V6,V6,V7,V6) V2,V2,V1,V2,V2) V6,V6,V6,V6,V6)
(=13 (V7,v7,V7,V6,V7,V7, (V3,V3,V2,V3,V3,V3, (V6,V6,V6,V6, V7, V6,
- V7,V7,V7,V6,V7) V4,V3,V3,V3,V3) V6, V6, V6, V6, V6)
i=14 (V6,V6,V5,V6,V6,V6, (V3,V3,V4,V3,V3,V3, (V6,V6,V6,V6,V5,V6,
- V6, V6, V6, V6, V6) V4,V3,V2,V3,V3) V6, V6, V6, V6, V6)

Within the competency group organizational /managerial skills and competencies
(g = 2), the following competencies were considered: project goal setting (i = 1), project
goal orientation (i = 2), strategic planning ability (i = 3), short-term planning ability
(i = 4), the ability to perceive the project as a whole (i = 5), the ability to achieve project
efficiency (i = 6), result orientation and continuous improvement (i = 7), negotiation skill
(i = 8), organizational skills (i = 9), meeting management (i = 10), understanding of the
organization’s mission (i = 11), analysis of organizational structure (i = 12), knowledge
of organizational culture (i = 13), and ability to assess and manage values (i = 14).

Then, by applying the fuzzy arithmetic mean operator, the experts’ assessments were
aggregated into a single evaluation, as presented in Table 5.

Then, in Step 2 of the methodological algorithm, the values were normalized using a
linear normalization procedure. In Step 3, the normalized values were weighted, resulting
in a weighted normalized fuzzy decision matrix (Table 6).

In order to streamline the procedure and improve the clarity of the paper, only the
defuzzied values of the distances from FPIS to FNIS are presented, as well as the closeness
coefficient and the ranking of competencies (Table 7).
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Table 5. The fuzzy decision matrix.
Competency k=1 k=2 k=3
i=1 (0.682,0.832,0.982)  (0.127,0.277,0.427)  (0.682, 0.832, 0.982)
i=2 (0.700, 0.850, 1.000)  (0.582,0.732,0.882)  (0.700, 0.850, 1.000)
i=3 (0.673,0.823,0.973)  (0.118, 0.268, 0.418)  (0.673, 0.823, 0.973)
i=4 (0.682,0.832,0.982)  (0.209, 0.359, 0.509)  (0.691, 0.841, 0.991)
i=5 (0.691, 0.841,0.991)  (0.336, 0.486, 0.636)  (0.700, 0.850, 1.000)
i=6 (0.691, 0.841,0.991)  (0.350, 0.500, 0.650)  (0.691, 0.841, 0.991)
i=7 (0.500, 0.650, 0.800)  (0.209, 0.359, 0.509)  (0.682, 0.832, 0.982)
i=8 (0.582,0.732,0.882)  (0.218, 0.368, 0.518)  (0.509, 0.659, 0.809)
i=9 (0.691, 0.841,0.991)  (0.127,0.277,0.427)  (0.509, 0.659, 0.809)
i=10 (0.682,0.832,0.982)  (0.136, 0.286, 0.436)  (0.500, 0.650, 0.800)
i=11 (0.700, 0.850, 1.000) ~ (0.118, 0.268, 0.418)  (0.591, 0.741, 0.891)
i=12 (0.609, 0.759,0.909)  (0.109, 0.259, 0.409)  (0.591, 0.741, 0.891)
i=13 (0.682,0.832,0.982)  (0.209, 0.359, 0.509)  (0.609, 0.759, 0.909)
i=14 (0.591, 0.741, 0.891)  (0.218, 0.368, 0.518)  (0.591, 0.741, 0.891)
Table 6. The weighted normalized fuzzy decision matrix.
Competency k=1 k=2 k=3
i=1 (0.011, 0.028, 0.088)  (0.002, 0.008, 0.038)  (0.014, 0.040, 0.090)
i=2 (0.011, 0.028, 0.089)  (0.009, 0.021, 0.078)  (0.014, 0.041, 0.091)
i=3 (0.011, 0.028, 0.087) ~ (0.002, 0.008, 0.037)  (0.014, 0.040, 0.089)
i=4 (0.011, 0.028, 0.088)  (0.003, 0.011, 0.045)  (0.014, 0.041, 0.091)
i=5 (0.011, 0.028, 0.088)  (0.005, 0.015, 0.056)  (0.014, 0.041, 0.091)
i=6 (0.011, 0.028, 0.088)  (0.005, 0.015, 0.057)  (0.014, 0.041, 0.091)
i=7 (0.008, 0.022,0.071)  (0.003, 0.011, 0.045)  (0.014, 0.040, 0.090)
i=8 (0.009, 0.024, 0.079)  (0.003, 0.011, 0.046)  (0.010, 0.032, 0.074)
i=9 (0.011, 0.028, 0.088)  (0.002, 0.008, 0.038)  (0.010, 0.032, 0.074)
i=10 (0.011, 0.028, 0.088)  (0.002, 0.008, 0.039)  (0.010, 0.031, 0.073)
i=11 (0.011, 0.028, 0.089)  (0.002, 0.008, 0.037)  (0.012, 0.036, 0.081)
i=12 (0.010, 0.025, 0.081)  (0.002, 0.008, 0.036)  (0.012, 0.036, 0.081)
i=13 (0.011, 0.028, 0.088)  (0.003, 0.011, 0.045)  (0.012, 0.037, 0.083)
i=14 (0.009, 0.025, 0.079)  (0.003, 0.011, 0.046)  (0.012, 0.036, 0.081)

As can be seen from the obtained ranking (Table 7), the most important competency

within the traditional project management approach is project goal orientation (i = 2). It

is followed by the competency of perceiving the project as a whole (i = 5) and the ability

to achieve project efficiency (i = 6). Therefore, it is the responsibility of management to

either recruit personnel or train existing staff to meet the requirements of these three key

competencies. The least important competencies within the most important group are the

organizational skills (i = 9) and the analysis of the organizational structure (i = 12).
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Table 7. The ranking of competencies—traditional project management.

d;* d;~ C; Rank
i=1 2.909 0.109 0.0361 5
i=2 2.894 0.124 0.0411 1
i=3 2913 0.105 0.0348 7-8
i=4 2.907 0.111 0.0368 4
i=5 2.903 0.115 0.0381 2-3
i=6 2.903 0.115 0.0381 2-3
i=7 2917 0.101 0.0335 10-11
i=38 2.919 0.099 0.0328 12
i=9 2921 0.097 0.0321 13-14
i=10 2917 0.101 0.0335 10-11
i=11 2913 0.105 0.0348 7-8
i=12 2.921 0.097 0.0321 13-14
i=13 2912 0.106 0.0351 6
i=14 2916 0.102 0.0338 9

4.2. Case 2: Agile Project Management

Since the methodology used in Case 2 is completely identical to that in Case 1, only
the input data and the final solution (without intermediate steps) will be presented further.
Table 8 presents the experts” assessments of the importance of the competency groups,
while Table 9 shows the ranking of the competency groups.

Table 8. Expert evaluation of the importance of competency groups (agile approach).

Expert g=1 g=2 g=3 g=14 g=>5 g==6 g=7 g=8 g=9
e=1 z3 z2 Z1 Z4 z2 z3 Z1 z5 Z4
e=2 z2 z2 z2 z5 z3 z3 Z1 z5 Z4
e=3 z3 Z1 Z1 Z4 z2 Z4 Z1 Z4 73
e=4 z3 z2 71 z4 72 Z2 Z1 75 73
e= Z4 Z1 72 75 72 72 71 75 74
e= Z1 72 Z1 Z4 Z4 z3 Z1 Z4 z3
e=7 z2 z2 Z1 Z4 z2 z3 Z1 z5 z3
e=38 z2 z2 z3 Z4 z2 z2 Z1 z5 Z4
e= z3 z2 z2 z5 z3 z3 Z1 z5 74
e=10 z3 71 71 73 73 z3 73 75 Z2
e=11 72 Z1 72 75 Z3 Z4 Z1 75 74

As shown in Table 9, within the agile project management approach, the most impor-
tant competency group is g = 8, i.e., contextual skills/competencies. The second-ranked
group comprises people-oriented skills/competencies (g = 4), while the third position is
occupied by skills that support system stabilization during crisis situations (¢ = 9). The
least important competency group for the traditional approach includes skills related to
self-development and the development of team members (g = 7).
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Table 9. Ranking of competency groups—agile approach.

Cogf:;;ncy Aggregated TFN Crisp Value Rank
g=1 (1.636, 4.545, 7.500) 4.561 5
g=2 (1.000, 2.273, 6.455) 3.242 7
g=3 (1.091, 2.182, 6.273) 3.182 8
g=4 (3.455, 7.636, 8.909) 6.667 2
g=>5 (1.545, 4.455, 7.545) 4.515 6
g==6 (1.909, 5.364, 7.909) 5.061 4
g=7 (1.091, 1.455, 5.727) 2.758 9
g=2_8 (4.227, 8.636, 9.000) 7.288 1
g=9 (2.455, 6.273, 8.455) 5.727 3

Within the competency group contextual skills/competencies (g = 8), the following
competencies are considered: knowledge and understanding of the environment (suppliers,
customers) (i = 1), the skill of thoroughly analyzing the environment (i = 2), knowledge
of processes (i = 3), customer/stakeholder orientation (i = 4), stakeholder management
(i = 5), ability to negotiate with stakeholders (i = 6), skills in the field of marketing and
sales (i = 7), and orientation toward environmental protection (i = 8).

The second phase of the methodological algorithm, determining the criteria weights
used for ranking the competencies, is the same as in the case of traditional project manage-
ment. Therefore, the same criteria weights are used in this case as well. In the third phase
of the methodological algorithm, it is necessary to determine the ranking of competencies
within the most important group (¢ = 8) by applying the FTOPSIS method. The fuzzy
decision matrix is presented in Table 10, while the ranking of competencies is given in
Table 11.

Table 10. The fuzzy decision matrix (at the level of each expert; agile approach).

Competency k=1 k=2 k=3

(V7,V7,V6,V7,V7,V7,
V7,V7,V6,V7,V7)

(V6, Ve, V7, V6, V6, V5,
V6, V6, V6, V6, V6)

(V7,V7,V7,V7,V7,V6,
V7,V7,V7,V7,V7)

(V7,V6,V7,V7,V7,V7,

(Veé,V7,V6,V6,V6, V6,

(Vv7,v7,Vv7,V7,V7,V7,

i=2 V7,V6,V7,V7,V7) Ve6,V6,V7,V6,V6) V7,V7,V7,V7,V7)
i=3 (V5,V5,V5,V5,V4,V5,  (V5,V5,V6,V5,V5, V5,  (V5,V5,V5,V5,V5,V5,
- V5, V5, V6, V5, V5) V4, V5, V5, V5, V5) V5, V5, V5, V5, V5)
P4 (v7,v7,v7,v7,v7,v7, (V7,V7,V7,V7,V7,V7, (V7,V7,V7,V7,V7,V7,
- V7,V7,V7,V7,V7) v7,V7,V7,V7,V7) V7,V7,V7,V7,V7)
i=5 (V4,V4,V4,V5,V4,V4, (V4,V4,V4,V4,V4,V3, (V4,V4,V4,V4, V4, V4,
- V3, V4, V4, V4, V4) V4,V4,V4, V5, V4) V4,V4,V4, V4, V4)
{6 (v7,v7,ve6,vV7,V7,V7, (V7,V7,V7,V7,V7,V7, (V6,V6,V6,V6,V6,V5,
- V7,V6,V7,V7,V7) v7,V7,V7,V7,V7) V6, V6, V6, V6, V6)
{7 (V4,V4,V3,V4,V4,V4, (V3,V3,V3,V2,V3,V3, (V3,V3,V3,V3,V3 V3,
- V4,V4,V5,V4, V4) V3, V3, V4, V3, V3) V3,V3,V3, V3, V3)
i=8 (V3,V3,V3,V3,V2,V3, (V3,V3,V3,V3,V3,V4, (V3,V3,V3, V2 V3, V3,

V3,V3,V3,V3,V3)

V3,V3,V2,V3,V3)

V3,V3,V3,V3,V3)

Based on the obtained ranking, it can be concluded that the most important compe-
tency within the agile project management approach is customer/stakeholder orientation
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(i = 4).Itis followed by competencies such as the skill of thoroughly analyzing the envi-
ronment (i = 2) and knowledge and understanding of the organizational environment
(suppliers, customers) (i = 1). The least important competency within the most important
group is skills in the field of marketing and sales (i = 7).

Table 11. The ranking of competencies—agile project management.

d;* d;~ C; Rank
i=1 2.772 0.246 0.0815 3
i=2 2.771 0.247 0.0818 2
i=3 2.812 0.206 0.0682 5
i=4 2.766 0.252 0.0835 1
i=5 2.852 0.166 0.0550 6
i=6 2.783 0.235 0.0779 4
i=7 2.88 0.138 0.0457 8
i=38 2.871 0.147 0.0487 7

4.3. Comparative Analysis

To verify the stability and reliability of the obtained results, this section presents a
comparative analysis of the results obtained using the FTOPSIS and Fuzzy RAnking based
on the Distances and Range (FRADAR) methods. The RADAR method [55] is a novel
MCDM technique that has been shown in previous studies to be reliable and to provide
robust solutions [25,33,36,56,57]. It can be stated that benchmarking was conducted to
determine whether FTOPSIS provides relevant results.

For the purpose of the sensitivity analysis, the same version of the FRADAR method
proposed in [25] was used. To avoid overloading this paper with methodological details,
the application procedure can be found in the referenced study. In the following section,
only the final results of the FRADAR method, obtained using the same input data as
for the FTOPSIS method, are presented, along with a comparative analysis, as shown in
Tables 12 and 13.

Table 12. Comparative analysis of FTOPSIS and FRADAR results—traditional project management.

FTOPSIS

Competency Closeness FTI? PSIS FRfADAR FRADAR
Coefficient ank Ranking Index Rank
i=1 0.0361 5 0.6523 4
i= 0.0411 1 1.000 1
i=3 0.0348 7-8 0.6388 5
i=4 0.0368 4 0.4536 9
i= 0.0381 2-3 0.8283 3
i=6 0.0381 2-3 0.8314 2
i= 0.0335 10-11 0.3955 11
i=8 0.0328 12 0.2957 13
i= 0.0321 13-14 0.5257 6
i=10 0.0335 10-11 0.5168 7
i=11 0.0348 7-8 0.5010 8
i=12 0.0321 13-14 0.4336 10
i=13 0.0351 6 0.3853 12
i=14 0.0338 9 0.2858 14
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Table 13. Comparative analysis of FTOPSIS and FRADAR results—agile project management.

Competency g};’?epnselsss FTROPSIS FR{\DAR FRADAR
Coefficient ank Ranking Index Rank
i=1 0.0815 3 0.888 3
i=2 0.0818 2 0.9167 2
i=3 0.0682 5 0.3987 5
i=4 0.0835 1 1.000 1
i=5 0.055 6 0.0829 8
i=6 0.0779 4 0.7916 4
i=7 0.0457 8 0.1269 7
i=38 0.0487 7 0.1934 6

By examining Tables 12 and 13, it can be concluded that both FTOPSIS and FRADAR
highlight the same most important competencies. The ranking of the top three competen-
cies is identical for both the traditional and agile approaches. Differences occur only for
competencies ranked lower, which is expected as the two methods are based on different
mathematical foundations. While FTOPSIS is a compensatory method, FRADAR combines
characteristics of both compensatory and non-compensatory approaches, aiming to empha-
size stable alternatives across criteria. Despite these differences, the Pearson correlation
coefficient between the closeness coefficient and the ranking index is very high: 0.83 for
the traditional approach and 0.96 for the agile approach, and statistically confirms the
robustness of the results.

4.4. Discussion

The obtained results confirm Hypothesis H1, indicating that the importance and
manifestation of certain competencies vary depending on the project management approach
(see Tables 2 and 9). This phenomenon is particularly pronounced in the automotive
industry, where traditional and agile approaches are often intertwined due to diverse
customer requirements. On the one hand, the traditional approach is essential for meeting
safety and quality regulatory requirements, while on the other hand, agile approaches are
indispensable in the development process.

The final conclusion of this study is that, within the traditional project management
approach, the most important competency group consists of organizational/managerial
skills (see Table 7). This confirms hypothesis H2. Ranked second are technical project
management skills, followed by people-oriented skills. These are then followed by personal
attributes, task-oriented competencies, competencies related to self-development and the
development of collaborators, and contextual competencies. The least important compe-
tency group for the traditional approach includes skills that support system stabilization
during crisis situations.

The most important competency within the highest-ranked competency group in the
traditional project management approach is project goal orientation (see Table 11). Tied
in second place are the competency of perceiving the project as a whole and the ability
to achieve project efficiency. The least important competency within the most important
group is the analysis of the organizational structure.

The obtained results are consistent with the findings of previous studies conducted by
the authors of [58-60]. In these research papers, the most important competencies of project
managers are identified as conceptual and organizational skills (planning, organizing,
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strong goal orientation, ability to see the project as a whole), technical skills (special
knowledge in use of tools and techniques; project knowledge; understanding methods,
processes, and procedures; technology required; and skills in use of computer). These
studies emphasize that project managers must possess task-oriented abilities, including
negotiation skills, the ability to delegate tasks, the skill of clearly setting priorities, a
rule-oriented mindset, and a focus on potential problems. A project manager must be
capable of managing their own time and supporting team members in utilizing their time
as efficiently as possible. Additionally, project managers must have the ability to manage
limited financial and material resources and to maximize their utilization.

In the agile project management approach, the most important competency group
consists of contextual skills. This confirms hypothesis H3. Second in rank are people-
oriented competencies, followed by competencies that support system stabilization during
crisis situations. These are followed by task-oriented competencies, personal attributes,
communication skills, and organizational /managerial competencies. The least important
competency group in the agile approach includes competencies related to self-development
and the development of team members.

The most important competency within the agile project management approach is
customer/stakeholder orientation. Ranked second is the skill of thoroughly analyzing the
environment, while the third position is held by the competencies related to knowledge
and understanding of the organizational environment (suppliers, customers). The least
important competency within the most important group is skills in the field of marketing
and sales.

The obtained results coincide with scientific research papers [59,61,62], according to
which the most important skills/competencies are: leadership, team member motivation,
communication, conceptual and organizational skills, interpersonal skills, flexibility, ability
to make decisions, ability to solve problems, ability to manage people, conflict management
and change management, and reliability. These authors point out that project managers
must have the ability to lead their associates towards the vision and achievement of the
pipeline, which can be achieved in different ways so that different leadership styles are
distinguished: leadership by example, inspirational leadership, task-oriented leadership,
relationship-oriented leadership, transactional leadership and transformational leadership.
Also, they must have the ability to collaborate, that is, the ability to cooperate with other
people in order to achieve common goals. Project managers are also expected to provide
support and assistance to associates. Special emphasis must be placed on project team
building skills, people development, transforming a dysfunctional group into a cohesive
team and ensuring a harmonious work environment. Project managers must focus on
encouraging communication between people, motivating them, and developing trust
between them. The project manager monitors the results of the team members, encourages
cooperation and rewards for certain achievements.

The most important competencies from the highest-ranked groups of competencies
have a significant impact when forming a project team. These key competencies must
be possessed by new team members who are expected to join the project team in the
future. Furthermore, existing team members must continuously develop and enhance
these competencies.

In practical terms, an illustrative example can be provided to explain the obtained
results. If a project manager in an automotive company is leading a project aimed at
the implementation of serial production of specific components/products, the key task is
project goal orientation. The objective is to deliver the product on time, in the required
quantities, and with the required quality. This represents an example of the traditional
project management approach. In contrast, if the project focuses on the development of
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new materials, the emphasis would be on customer/stakeholder requirements, which may
be of different natures.

5. Conclusions

Traditional project management is applied in projects with clearly defined goals, when
the projects are fairly predictable and uncomplicated, not subject to frequent changes, have
well defined scope and budget, and rely on established processes. On the other hand,
agile project management is applied when project goals are unclear, or when the goals are
defined but the means of achieving them are not, particularly in uncertain and complex
projects. Agile project management places a strong emphasis on encouraging, empowering,
and enabling self-organizing, cross-functional project teams to deliver working iterations
of the product to customers/clients efficiently and continuously. Each of these project man-
agement approaches requires a distinct set of skills and competencies from all stakeholders
involved in project implementation.

The results of this study indicate that the most important competency within the
most significant competency group in the context of the traditional project management
approach is goal orientation. The second most important competency is the ability to
perceive the project as a whole. Ranked third is the capability to achieve project efficiency.
The least important competency within the most significant group is the analysis of the
organizational structure.

On the other hand, in the agile project management approach, the most important
competency group consists of contextual skills. Ranked second are people-oriented compe-
tencies, followed by skills that contribute to system stabilization during crisis situations.
These are followed by task-oriented competencies, personal attributes, communication
skills, and organizational/managerial competencies. The least important competency
group for the agile approach includes competencies related to self-development and the
development of team members.

The most important competency within the agile project management approach is
customer/stakeholder orientation. Ranked second is the skill of thoroughly analyzing
the environment, followed by knowledge and understanding of the organizational envi-
ronment (suppliers, customers). The least important competency within the most critical
competency group is skills in the field of marketing and sales.

The contribution of this research paper is evident on theoretical, methodological, and
practical levels. On the theoretical level, the study contributes to the project management
literature through a comparative analysis of competencies in traditional and agile environ-
ments, thereby addressing the lack of integrated models in this field. On the methodological
level, the research applies an integrated fuzzy MCDM approach, which enables the pro-
cessing of imprecise and subjective expert evaluations, thus enhancing the validity and
robustness of the results.

On a practical level, the findings can serve as a decision-support tool for project
management offices or human resources departments for the following purposes:

e  Selection and hiring of new employees. If the company primarily executes agile
projects, candidate assessment should focus on environmental regulations and stan-
dards, as well as client orientation. On the other hand, if the traditional approach
is more prevalent, the focus should be on technical knowledge that is critical for
achieving project goals.

e Employee training design. Emphasis should be placed on developing the most im-
portant competencies among employees. This way, resources are directed toward
improving the knowledge and skills that are most crucial for project success.
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e  Project team creation. The company should have a clear profile for project managers
as well as team members. Depending on the project management approach, the
appropriate members should be selected.

The limitations of this study are reflected in the sample size and the specificity of
expert evaluations, which opens avenues for extending the research by including a larger
number of experts from various sectors and geographic regions. Although the participants
were carefully selected based on their expertise and practical experience in project man-
agement, the number of experts involved was relatively limited. Therefore, it should be
emphasized that the obtained results are relevant for the considered companies, as well as
for automotive industry companies with similar characteristics in terms of activities, size,
level of automation, etc. It should be clearly stated that the results of this research cannot
be generalized.

Competencies are often abstract and multidimensional, making them difficult to define
and quantify unambiguously. While fuzzy methods are specifically designed to handle
uncertainty and imprecision in expressing preferences, challenges remain in accurately
interpreting linguistic terms and transforming them into numerical values. Additionally,
individual differences in the understanding of terms such as “leadership”, “emotional
intelligence” or “adaptability” may affect the consistency of evaluations. Future research
could focus on the longitudinal monitoring of competency development throughout spe-
cific project cycles, as well as the integration of other MCDM methods to verify and
compare results.

Although the integration of FAHP and FTOPSIS methods provides a systematic frame-
work for priority analysis and ranking of alternatives, these methods do not account for
interdependencies among criteria. This can also be characterized as a limitation of the
applied MCDM approach. In real organizational environments, many competencies are
not independent—for example, communication skills can significantly influence the quality
of teamwork or leadership. Therefore, it is recommended to apply other fuzzy MCDM
methods that enable modelling of interdependencies among competencies. These methods
allow for mapping causal relationships between factors, which can help identify competen-
cies that generate or enhance the development of others, thus enabling more precise design
of training and development programmes for project teams.
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The following abbreviations are used in this manuscript:

FAHP Fuzzy Analytic Hierarchy Process

FTOPSIS  Fuzzy Technique for Order Preference by Similarity to Ideal Solution
MCDM Multi-Criteria Decision-Making

PMBOK  Project Management Body of Knowledge

PMI Project Management Institute
PRINCE2 PRojects IN Controlled Environments Version 2
TFNs Triangular Fuzzy Numbers
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