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ABSTRACT

The possession of specific skills by the project manager is a critical factor in the success of construction
projects at every stage of development. The objective of this research is to identify and prioritize the
specific skills that a project manager must possess to ensure a successful construction project. A
comprehensive theoretical review was conducted, leading to the identification of 22 soft skills and 10
technical skills that are essential for project managers to ensure the success of construction projects. A
preliminary questionnaire was used to evaluate the relative importance and interrelationships among the
identified skills. This was followed by an expert questionnaire, which was assessed utilizing two analytical
methods: the Stepwise Weight Assessment Ratio Analysis (SWARA) for skills and the main success factors
of the construction project, and the Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) for skills according to the success factors. The preliminary questionnaire revealed that all
project manager skills were deemed to be of significant importance, with percentages ranging from 0.7 to
0.818. Additionally, a moderate to weak correlation was observed between soft skills, with values ranging
from 0.005 to 0.686, while for technical skills, a medium correlation was observed (0.707). The top five
skills were identified as coordination, general knowledge of project management, communication, dealing
with others, and organization. The TOPSIS technique revealed the preference order of soft skills:
coordination skill (0.98), supervision (0.552), and general knowledge of project management (0.473).
Regarding the preference order of technical skills, the following were revealed: legal experience (0.672),
oral skills and listening (0.369), and planning, strategic planning, and goal setting (0.359). The findings of
this study assist those responsible for making decisions concerning the most essential skills required for a
project manager and provide a framework for selecting a project manager based on these competencies.
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I.  INTRODUCTION

The construction industry plays a significant role in the
economic and social progress of developing countries [1],
contributing to employment, the national Gross Domestic
Product (GDP), as well as capital formation [2]. However, the
industry is confronted with challenges, such as schedule delays,
design flaws, cost overruns, and disputes related to resource
planning, logistics, and risk management [3]. These issues are
made more complex by other factors, including
underperformance, financial uncertainty, and technological
challenges, as projects become increasingly intricate [4]. In the
contemporary context of construction, contractors and clients
encounter substantial challenges in successfully delivering
projects, a task that is made arduous by the increasing intricacy
of project design and the expanding role of stakeholders [5]. A
primary concern among stakeholders in the construction
industry is the frequent inability of project implementers to
complete projects in a timely manner and within specified

financial constraints [6]. The construction process is inherently
dynamic and comprises a multitude of multidisciplinary
activities that are conducted in a concurrent manner. The
prevailing metric by which the success of a project is
determined is its alignment with the client's quality
expectations, within the constraints of budget, time, and other
specified parameters. The pursuit of an ideal construction
project is an elusive goal, and it is important to acknowledge
that any project is inherently subject to risk and uncertainty.
Nevertheless, these risks and uncertainties can be reduced if the
project manager is better prepared to manage crisis situations.
It is important for project managers to have a better
understanding of the environment in which they operate, as the
dynamics of each project change over time and space, and no
project environment is the same as another [7]. Project success
has traditionally been defined by the ability to surpass expected
or standard results in terms of on-time completion, budget
constraints, safety and quality standards, and achieving high
levels of satisfaction among the project team, organization, and
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end users. Success has been predicated on factors, such as
schedule, cost, quality, safety, and reception. However, the
evolving landscape of complex projects, involving multiple
stakeholders, has resulted in the introduction of new parameters
to the definition of success. This evolution has led to the
emergence of a more nuanced understanding of project success,
including criteria and metrics designed to guide project
participants toward optimal outcomes [8]. Given the inherent
complexity of construction projects, there has never been a
single, traditionally accepted set of critical success factors [9].
The concept of project success and the critical factors that
contribute to it have been a topic of debate for a considerable
time [10, 11]. Despite the abundance of literature and research
focusing on project success factors [12], a plethora of studies
and research have produced conflicting results, leading to a
lack of consensus and a unified definition of project success
[13]. There is no comprehensive list of critical success factors
that has gained widespread acceptance. Project success and its
contributing factors are of significant importance to project
management professionals [14]. However, as emphasized in
[15], it is crucial to analyze and identify the factors of success
and failure of construction projects. Authors in [10] suggested
that it is important to compile a priority list of critical success
factors that should be taken into account in order to ensure the
successful performance of construction projects. Authors in
[16] identified and ranked the top five critical success factors
that significantly impact project outcomes, including meeting
timelines, adhering to financial budgets, achieving desired
outcomes for all stakeholders, managing risks effectively, and
assembling the right team while optimizing resource allocation.
The study proposed the implementation of rigorous oversight
mechanisms to ensure the integrity of incomplete engineering
designs and the prohibition of contractors handling design work
autonomously to enhance project success. Additionally, a
thorough examination of contractor qualifications and financial
stability was identified as a critical factor in ensuring project
success. Authors in [17] used Structural Equation Models
(SEM) and found that critical success factors exerted a
substantial influence on 70.8% of construction project success
factors. Furthermore, it was determined that project
management and team member-related factors had the most
significant impact on the success of construction projects.
Authors in [14] found that of the twenty critical success factors
selected from the sixty factors identified in the literature, seven
were considered by the survey participants to be the most
important. Authors in [18] examined the combined effect of six
factors that are commonly cited in the project management
literature as factors that determine successful project
management in construction projects. The results of the study
indicated that the foundation of successful project management
in construction projects in developing countries is the ability of
opinion leaders and stakeholders, such as governments, senior
managers, and clients, to provide relevant assistance in the
form of systems and structures, financing, materials,
manpower, and other material resources for project managers
to operate effectively, while creating an enabling environment.

Authors in [19] applied fuzzy TOPSIS logic to construct a
soft multi-criteria skills framework for selecting project
managers. Authors in [20] revealed that project practitioners

hold divergent views on critical success factors and project
success. Project managers, for instance, perceive a limited
number of critical success factors, contrasting with the
extensive, comprehensive critical success factors enumerated in
survey questionnaires. The study showed that, while the
traditional constraints of the iron triangle are significant, they
are insufficient to determine project success. The study
underscores the importance of project managers in achieving
construction project success, with most researchers identifying
human factors as a key element in project success. Project
success factors are typically identified in key areas, such as
construction methods, personnel and work skills, jobs,
methods, and techniques [10]. Authors in [9] found that
effective and efficient risk management can enhance the
success of construction projects in the Democratic Republic of
the Congo (DRC). In addition, the efficacy of leadership,
particularly transactional leadership, has been identified as a
substantial factor in the success of construction projects.
Furthermore, the degree to which the construction project
personnel are experienced and skilled directly correlates with
their ability to meet project success criteria, thereby influencing
the overall project success. Finally, the success of construction
projects appears to be contingent on the scale of the project,
with small and medium-sized projects demonstrating a higher
degree of success compared to large-scale projects, which often
face challenges due to a lack of experience and skill capacity.
Authors in [15] demonstrated that project managers have the
capacity to enhance the probability of project success and
ensure the fulfillment of project requirements by employing
project management tools during the construction stages. A
substantial body of research and professional consensus
acknowledges the crucial role of the project manager in the
success of construction projects, emphasizing their impact
across all construction phases [14]. Authors in [21, 22] noted
the significance of the project manager's role in the successful
completion of projects. Conversely, Authors in [23] displayed
that the primary factor in successfully completing a project
within the constraints of cost, time, scope, and quality is the
presence of managers who possess superior administrative and
emotional competencies. These competencies and leadership
styles are the result and experience of performance and practice
achieved by managers over time during the implementation of
the project. Authors in [14] underscored the significance of
four distinct types of project manager skills—namely,
technical, political, human, and conceptual—in determining
project success within the Egyptian construction industry.
Furthermore, authors in [24] emphasized the necessity for
managers to possess effective planning and training skills,
teamwork skills, effective communication skills with
employees and contractors, effective resource management
skills, and risk management skills. Authors in [25] highlighted
the important attributes and skills of project management. A
combination of interpersonal skills, leadership abilities,
effective communication, and rapid technical proficiency is
associated with the most successful project outcomes.
According to the findings in [7], various criteria, including
decision-making, communication skills, and leadership,
emerged as the most crucial competencies for construction
project managers. Furthermore, authors in [26] proposed a set
of ten core competencies for project managers in cooperative
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construction projects. In addition to these core competencies, a
series of supporting skills were identified, collectively forming
a comprehensive competency profile for project managers in
cooperative construction projects.

Authors in [27], after a critical review of the extant
literature and based on prior research, indicated that the success
of any project is contingent upon several critical success
factors. Among these, the selection of a competent project
manager with proven leadership skills is of particular
importance. Therefore, the selection of the right project
manager is a key factor in the success of the project. The
selection of the most suitable project manager from a pool of
candidates presents a Multi-Criteria Decision-Making
(MCDM) problem, an aspect that has been largely overlooked
in contemporary research. The study revealed that the
prevailing project manager selection model should not presume
independence among criteria; instead, it should acknowledge it
between them. The evaluation of these relationships is crucial
for enhancing the objectivity of the decision-making process
and for ensuring the efficacy of the multi-criteria project
manager selection model. The present study addresses this
limitation by establishing a hierarchical sequence for project
manager competencies, grounded in criteria that embody the
success factors of construction projects. The study's novelty
stems from its usage of multiple decision-making tools,
considering the selection of the project manager as a
multifaceted decision problem, contingent on both soft and
technical skills, and aligned with the success factors of the
construction project. The SWARA technique was employed to
ascertain the relative weight of soft and technical skills, and the
success factors of the construction project. Subsequently, the
TOPSIS technique was deployed to prioritize the project
manager skills according to the success factors. The research
attempted to explore and state the priorities of the project
manager skills. The research gap lies in the prevailing focus of
studies on either theoretical success factors or project manager
skills, with few exploring the relative importance of both. The
current research aims to address this gap by conducting a
comprehensive theoretical review of both success factors and
project manager skills. The existing literature has primarily
focused on the theoretical review of success factors and project
manager skills. This research aims to address this gap by
examining the relative importance of both factors separately. It
also seeks to determine the importance of project manager
skills according to success factors. In addition, it explores the
importance of project managers' soft and technical skills and
their role in the success of construction projects and the
correlation between them. The present study begins with an
introduction to project success factors and the project
manager's skills, which constitute a fundamental element
within the project success factors. This is followed by a
theoretical review of previous research because it represents the
basis for exploring the success factors and the project
manager's skills, as well as stating the research gap. The
subsequent section details the methodology employed to
ascertain the priorities of the project manager's skills in relation
to the construction project success factors. This methodology
uses a set of statistical tools, including the Relative Importance
Index (RII), the SWARA, and the TOPSIS. Finally, a review of

the results, a discussion of the findings, and the formulation of
proposals are presented.

A. Research Questions

The following research questions serve to achieve the
primary research objective, which is to ascertain the relative
priorities of project manager skills according to success factors.

e What are the success factors of construction projects?

e Are project manager skills necessary for the success of
construction projects?

e What are the skills that a project manager must have for the
success of construction projects?

e What is the relative importance of project manager skills to
achieve the success of construction projects?

e What are the types and degrees of correlation between
project manager skills?

e What is the priority order of project manager skills to
achieve the success of construction projects?

e What is the priority order of project manager skills
according to each factor of construction project success
individually?

e Does the priority order of project manager skills based on
success factors differ using MCDM-SWARA-TOPSIS
compared to their priority order according to each success
factor separately?

B. Research Hypothesis

A comprehensive review of the extant literature reveals
several key assumptions supporting the research:

e The project manager plays a pivotal role in the success of a
construction project.

e A correlation exists between the project manager's soft
skills and technical skills, as well as within each skill type.

e The skills of a project manager are of significant
importance, making it challenging to establish a clear
priority order through conventional methods.

e The relative importance of project manager skills exhibits
minimal variation depending on the project success factors.

II. RESEARCH METHODOLOGY

As shown in Figure 1, the research methodology includes
the following:

A. Theoretical Framework

A comprehensive and in-depth review of the existing
theoretical literature concerning project manager skills and the
factors contributing to construction project success was
conducted, in order to identify the most critical skills of the
project manager that exert the greatest influence on project
success. As depicted in Table I, the most significant soft and
technical skills are categorized. Additionally, the objective of
this review is to identify the most significant primary factors
associated with project success, and as illustrated in Table II,
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seven key elements were identified. In this research, the
primary categories of factors associated with project success
were selected, and the intricacies of each factor were not
examined in depth. This approach is motivated by the
recognition that such an examination would result in the

and the relative importance of skills according to the primary
categories of success factors. This is achieved by employing
the SWARA method and the TOPSIS technique to accurately
determine the order of skills.

expansion of the research timeline, the augmentation of its TABLE L THE MOST IMPORTANT SOFT AND TECHNICAL
intricacy, and the potential for it to become monotonous. Such SKILLS
an approach would also risk deviating from the primary Cod Soft Skill References No.
objective of the research, which is to emphasize the ode ° S [71]1147128]29]1]30] [31]
relationship between skills and project success. Table III S1 Coordination skill v
presents the tools and techniques employed in the research, 22 Ski(i;’,mfgunl{canoﬁ lslkllils ~ Y| ;
along with their intended applications. - In dealing with others
& PP S4 [Conflict management/problem solving skill
S5 Managing relationships between v
B Literature review individuals
Phase 1 S6 Organizational skills v
[ Project Management skilis|[ Construction project success factors | S7 Team building skill v
S' S8 Negotiation skills VIV
urvey ; —
Phase 2 I: | General Experts l S9 Define the priorities v
a— N ¥ S10 Delegation v
- Relative Top 5 Skills Relative S11 |General knowledge of project management v
3 importance for a Project| jmportance of S12 Data analysis and interpretation v
3 of skills Manager | gkills according to S13 Initiative and proactive v
success factors S14 Decision making v
* S15 Critical thinking v
Phase 3 | | 2 B | Likert scale SWARA S16 Innovation v
3% RII Frequncey TOIg‘SIS S17 Adaptability (flexibility) v
= SPS$S S18 Supervision v
- S19 Oral and listening skills v
2|, §ki!i§ sk’;fs":'c"cg:';ieng Skills 20 Motivation skill v
= riorities e .
e Skills to the five most Prefrence S21 Political sk'llls v
ic . important skills Ranking S22 Legal experience v
Correlation Planning. strateaic planning. and zoal
T1 anning, strdteglftp anning, and goa v v v
Fig.1.  Research methodology. seling
'€ esearch methodology Determine/the resources (human and
T2 | financial) required to implement project v
B. Survey red activitiesp P
The second step in the research process is to conduct a field T3 | Determine/schedules of activities and tasks v
survey, which is based on the initial general and expert surveys. T4 Determine/quality standards v ~
The following steps were taken during the field survey: 5 Operations Management__
Te Determine the time frame for project v
1) The initial general survey implementation
. . T Develop budget estimates necessary to s v
Aimed to ascertain: complete projects
. T8 Risk management skills vV 4
* the Rl using: T9 Project monitoring and control skills v v
RII= YW /AN (1) T10 Feedback management v
where W is the weighting given by respondents to each skill TABLE IL CONSTRUCTION PROJECT SUCCESS FACTORS
and factor, A is the highest weight (5 in this case) where a References No
five-point scale was used (5 very important, 4 important, 3| e/ Main Success Factors Categories|[5][9][18][20] (32| [33] [34] [35] 136
moderately important, 2 unimportant, 1 very unimportant), il
and N is the total number of the samples. EX External environment VI TV IV vV
. . . . PR The project VIiVIVIVIVIVI|V
e the project manager's soft and technical skills that were PU Purchases T TV 7
extracted from the theoretical framework, WE Work environment v VvV v v
. . o MS Project Manager V|V v IV Vv
e the C(')rrelatl'on between skills within each type of soft and L Client 7 v 7
technical skills. CO Contractor vV v
PM Project management v VIiVIVIVIVIVvIY

e the 5 most important skills for the project manager by
calculating the frequencies.
2) The Expert Survey

The objective of the expert survey is to ascertain the
relative importance of the primary categories of success factors

C. Using Stepwise Weight Assessment Ratio Analysis to Find
the Relative Importance

The SWARA, used to find the RII [37], is an MCDM
method [38] that is employed to determine the weight of a
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criterion [39]. Experts deploy the SWARA approach to
prioritize criteria based on their importance. The SWARA
method includes [40,41]:

e Ranking of criteria: In this stage, criteria are ranked
according to their importance in descending order. Experts
assign a rank to each criterion based on its importance, with
the most significant criteria receiving the highest rank and
the least significant criteria receiving the lowest rank.

e Calculating the comparative value of each criterion Sj: The
relative value assigned to each criterion is determined in
relation to the criteria that preceded it. Beginning with the
second criterion, i.e., determining the importance of
criterion Cj compared to the importance of criterion Cj+1,
as:

Sjej+1=x.Cej+1r 2)

e Estimating the coefficient Kj: It represents the relative
importance of each criterion:
K ={" J=1 3
j = {5,. +1, j>1 &)

e Calculate the weight of each criterion g;: The first criterion
has the highest importance and is equal to 1:

(L j=1 4

R R @

e Calculate the final normal weight: The final weight of the
standards is:

— m
Wj—q;Zk=1Qj ©)
TABLE III. THE TOOLS AND TECHNIQUES USED IN THE
RESEARCH
TOOIS. and Defined Reasons for using each technique
techniques
- Analysis of the initial general survey
SPSS Stamnca} Package for (Cronbach’s Alpha values, mean,
the social sciences L
standard deviation).
RII Relative Importance | Finding the relative importance of skills
Index generally.
The Stepwise Weight Fm_dmg the r_elatlve importance of the
Assessment Ratio main categories of success factors and
SWARA . the relative importance of skills
Analysis is one of the according to the main categories of
MCDM methods £ 10 & .
success factors in expert survey analysis.
Technique for Order of| . .. .
Finding the order of preference for skills
Preference by .
TOPSIS Lo accurately according to the success
Similarity to Ideal . . . o
Solution . factors in expert survey analysis.

D. Using TOPSIS Preference Ranking Technique to
Preference Skills according to Success Factors

In the context of MCDM methodologies, the preference
ranking technique similar to the ideal solution (TOPSIS) is
selected in the analytical stage to prioritize alternative solutions
based on a predetermined set of criteria [42]. The TOPSIS
method measures the degree to which an alternative solution is
closest to the optimal ideal solution, thereby identifying the
most optimal alternative within the available range [43]. The

TOPSIS method quantifies the geometric distance of the
alternatives from their positive and negative ideal solutions,
and selects the best alternative based on the shortest distance
from the positive ideal solution and the longest distance from
the negative ideal solution. The TOPSIS method is
characterized by its rationality, simplicity, ease of
understanding, and ease and efficiency of its calculations [44,
45]. The TOPSIS method is easier to use and more powerful in
evaluating more criteria. This method is also known to result in
a clear and objective ranking of alternatives [46, 47]. The steps
for analysis using TOPSIS are [43, 44, 48, 49]:

e Creating a decision matrix: This is achieved by initially
selecting the criteria and extracting the weights. Thereafter,
the decision matrix D = ([xijJmn) is created in a manner that
the rows are the alternatives (i=1,....m) and the columns are
the criteria (j=1,...n). Each alternative is then assigned a
score in each criterion, denoted as Xij. In this research, the
decision matrix is expressed by the criteria, which embody
the success factors of the construction project, and the
alternatives, which signify the soft skills of the project
manager at one time and the technical skills of the project
manager at another time Therefore, two decision matrices
are used, as shown in Figure 2. The creation of two decision
matrices was driven by the objective of reducing the
number of alternatives, i.e., skills. The rationale behind this
approach is that the utilization of a single matrix
encompassing both soft and technical skills would result in
an augmentation of the alternatives. An increase in the
number of alternatives, in turn, would lead to a reduction in
the efficiency of the TOPSIS method.

e The calculation of the normalized decision matrix is
achieved by normalizing the weights to eliminate the effect
of different measures. This process also ensures that the
values range from O to 1. In the present study, this step was
omitted due to the similarity of all measures:

Xi j

R;; = (6)

1ir=l1xi2j

where R;.is the normalized value, X;;. is the value of each
alternative (skill) according to each criterion (each success
factor), i is an alternative (skills), and j are the criteria
(factors for the success of the construction project).

e Calculate the best ideal value (highest V+ value) and the
worst ideal value (worst V- value):

Vij = Rij x Wj 7
where Vj; is the value of alternative in each criterion and W;

is the weight of the criteria for all j.

e Calculate the Euclidean distance from the best ideal value
Si+ as:

Sit= XLV — V' )? (3)

e Calculate the Euclidean distance from the worst ideal value
Si- as:
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Si—= | X7 (Vi =V )? ©)

e Calculate the performance score Ci as:

S:
j— L
C=——=

=
SF+S;

(10)

e Rank the performance score.

e The option with the highest performance score should be
selected as the optimal alternative.

Soft Skills prefrence
ranking ™= == = = = - - GOAL

EX PR PU WE cL co PM
- -
(a) Construction projects success factors
s1 S2 |S3|/ S4 | S5 |s6 | s7 | s8 | |S9| |s10| | sS11
== == ALTERNATIVES
s12 @ S$14//S15  |S16 (S17| S18||S19| /S20  'S21 S22

VARIABLES

Project management skills

TechnecalSkills

prefrenceranking | o wm == = - GOAL

(b) EX ||PR||PU||WE||CL| |cO| PM
Construction Project Success-fac(?rs

T™|(T2|(T3(|T4||T5||T6|(T7||(T8(| T | |T10

VARIABLES

M= == == ALTERNATIVES
Project management skills

Fig. 2. TOPSIS (a) soft and (b) technical skills matrices.

III. RESULTS AND DISCUSSION

A. General Questionnaire Results

The SPSS (V26) program was used to assess the reliability
of the questionnaire by calculating the Cronbach's Alpha values
for its constituent axes, as portrayed in Table IV. The obtained
values are indicative of excellent and good reliability, with
Cronbach's Alpha (&) 2 0.9 signifying excellent reliability and
0.9 2 @ 20.8 indicating good reliability [50].

TABLE IV. THE CRONBACH'S ALPHA VALUES
Skills No. of items Cronbach's Alpha
Soft 22 0.904
Technical 10 0.825

The results of the general questionnaire are:

e Questionnaire sample: Table V presents the information of
the general questionnaire respondents. The study attempted
to cover all Iraqi provinces, and many paper questionnaires
were distributed, in addition to preparing the questionnaire
in the form of a link. Thirty-one complete answers were
obtained, and incomplete answers were ignored. The
general questionnaire did not specify the years of
experience of the respondents. However, after filtering the
results, the researcher resorted to the experts' questionnaire.
The sample size of this study is 32 respondents, with the
majority, 87%, coming from Salah al-Din province. The
remaining 10% and 3% hail from Kirkuk and Baghdad,
respectively, thereby covering the northern and central
regions of Iraq. Regarding the respondents' years of
experience, the majority, 79%, have been in the
construction sector for over a decade, with 28% having

accumulated over 21 years of experience and 16% having
between 16 and 20 years of experience. The remaining 35%
have been in the construction sector for a time period
between 11 and 15 years, indicating a substantial and
considerable experience in Iraq's construction sector. This
suggests that a significant percentage of the sample
possesses an important and valuable experience in
construction projects in Iraq. Considering the education
level, 44% of the respondents have a doctorate, while 28%
hold a master's and a bachelor's degree. Regarding the type
of project and work sector, 63% of the constructed
buildings are public structures, and 94% of the respondents
are employed in the public sector. The roles of project
manager, deputy manager, consultant, and supervising
engineer are assigned to 41%, 9%, 34% and 16% of the
participants, respectively. The respondents' specialization is
primarily in civil engineering (94%), and the stage of the
last project that they completed was most often the
implementation phase (66%).

The RII of skills was determined by a review of the
theories, which answered the third and fourth research
questions. The results indicated the presence of soft and
technical skills that are essential for project managers. The
importance of these skills was determined to be high, with a
rating of 0.76 for soft skills and 0.74 for technical skills.
Table VI shows the relative importance of soft and
technical skills. It is evident that all project manager skills
have high importance, with their RII varying by very small
percentages (0.70-0.818). This finding supports the first
research hypothesis. The soft skills, which include
managing relationships between individuals, monitoring
and controlling projects, and determining the time frame for
project implementation, are ranked at the top of the list with
equal importance (0.818). These skills are followed by
team-building, delegation and decision-making skills,
respectively, while coordination, communication, and risk
management skills, come next. It is noteworthy that all
project manager skills exhibit high relative importance,
with only slight differences between them that do not
clearly indicate a substantial variation in their relative
importance.

Skill Correlation: As displayed in Table VII, the
relationship between soft and technical skills is indicative
of the second research hypothesis and provides an answer
to the fifth research question, which posits the existence of
a relationship between soft and technical skills, as well as a
relationship between skills within the same type. Table VIII
presents the value of the correlation coefficient (r)[51] and
Tables IX and X depict the correlation of soft skills with
each other, where poor positive correlation and fair positive
correlation prevail, thereby supporting the existence of a
correlation (albeit weak or neutral) between soft skills. This
finding aligns with the second research hypothesis and
addresses the research gap [27], which demonstrated that
most research neglects to consider the correlation between
skills. Table X presents the correlation between technical
skills skills mainly characterized by poor positive and fair
positive correlation.
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TABLE V. THE INFORMATION OF THE GENERAL QUESTIONNAIRE RESPONDENTS
Governorate | Specialization Years of Academic . Work sector | Respondent role .
(%) (%) experience (%) | degree (%) Project type (%) (%) (%) Project phase (%)
Salah al- 37 21 or 28 PhD |44 Gov_err_lment 63 Project 41 Opgratlon and 19
Din .. more buildings . manager maintenance
Civil 94 Public | 94 Deput
Kirkuk |10 16-20 16 Master |28 |Roads and bridges| 16 cputy 9 | Implementation |66
manager
11-15 35 Water and sewage| 13 Consultant | 34 .
. - - . — Planning and
Baghdad | 3 [Mechanical| 6 | 6-10 9 Bachelor |28 Residential Private | 6 | Supervising . 15
8 . 16 design
1-5 12 complexes engineer
TABLE VI RITOF PROJECT MANAGER SKILL TABLE VIII. VALUE OF CORRELATION COEFFICIENT(R)
Code Project manager skills RII | S.D |Rank Direction| - - - -
S1 Coordination skill 0776 10711 5 H Correlation coefficient (R) [Sign| Color Inte.r[.)retmg '
G Tknowledee of protect 1 + Perfect positive correlation
S2 eneral knowledge ol projec 0.776 | 0.75| 5 H - Perfect negative correlation
management + Good positive correlation
S3 Communication skills 0.776 | 0.86 | 5 H 0.7-0.99 Good s e a
S4 Organizational skills 0762 | 0.64| 7 H - 00C negalive correation
Managing relationships between 0.5-0.69 + Fair positive correlation
S5 individuals 0.818 | 0.80| 1 H T - Fair negative correlation
S6 Skill in dealing with others 0718 | 0.63| 13 H 001-0.49 + Poor positive correlation
Conflict management / problem - Poor negative correlatlon
57 solving skill 0768 1 0.76| 6 H 0 No Correlation
S8 Define priorities 075 [080| 9 H
S9 Decision making 0.788 [ 0.74| 4 H e Top five skills according to the success factors: Table XI
S10 Delegation 0794 10.80| 3 H presents the number of repetitions obtained by each skill to
S11 Supervision _ 075 1076] 9 H ascertain the top five skills according to the primary success
512 Team building skill 08 1076| 2 H factor categories. In addition to identifying the total number
S13 negotiation skills 075 [0.68| 9 H ss . . .
of repetitions and arranging them in descending order (the
S14 Feedback management 0.744 1 0.78 | 10 H final 1 Table XI also hichlichts th fi
S15 |Project monitoring and control skills| 0.818 | 0.82 | 1 H inal two columns), Table XI also highlights the top five
S16 Determine quality standards 0738 1072 11 H ;kllls irrespective of the success .fE.ICtOI' categories, which
S17 | Data analysis and interpretation | 0.768 | 0.69 | 6 H include coordination skills, supervision, general knowledge
g1 [Determine the time frame for project| (oo | 074 | | H of project management, and skill in dealing with others and
__implementation i i managing relationships between individuals, answering the
g1g |Determine the resources required to| oo | g os | 7 H sixth research question. The use of repetitions was crucial
implement project activities . . 3 C o
Determine schedules of achvitics in determining the sequence of the top five most significant
520 and tasks 0.744 1 0.75| 10 H skills. The importance of each skill varied according to the
21 Adaptability(flexibility) 0756 1094 8 H specific success factor, as evidenced in Table XII, which
S22 Motivation skill 0.756 [1.07] 8 H presents the ranking of the top five skills according to each
S Soft Skills 0.76 H factor. The coordination skill is placed at the top of the five
11 | Flanning, strategic planning,and | -0 | (o1 | & H categories of success factors, while the skills related to the
= 3 gol"‘l setting 5756 Toer % T external environment, purchases, work environment,
B OXPETICNCE : - contractor, and project management are placed at the
T3 Risk management skills 0776 1071 | 5 H d and f h .. ivel di h
Ta Tnitiative and proactive 0762 T1o0 7 I second and fourth positions, respectively, according to the
5| Develop budget estimates necessary| (2< | 076 | o " success factors related to the project and client.
to complete projects The second ranking is shared by five skills in addition to
T6 Critical thinking 0.768 1099 | 6 H h dinati kill. Th includ .. Kill
T7 Operation Management 0718 1076 1 13 H the coordination skill. These include communication skills,
TS Political skills 075 10621 9 H feedback management, skill in dealing with others, delegation,
T9 Innovation 0.726 [055] 12 H and general knowledge of project management. The third
T10 Oral and listening skills 070 ] 0.72| 14 H ranking is shared by six skills according to the categories of
T Technical Skills 0.74 H main success factors. In this ranking, the general knowledge of
project management skills is repeated twice according to the
TABLE VII.  CORRELATION BETWEEN SOFT AND success factors related to the client and project management. In
TECHNICAL SKILLS 98 . . . . .. .
addition to the skills in dealing with others, decision making,
Skills T communication skills and managing relationships between
S individuals, the general knowledge of project management skill
T 0.747%* 1

*#* correlation is significant at the 0.01 level (2-tailed)

is also repeated according to the success factors related to the
client and project management. The fourth ranking is shared by
six skills, where the conflict management/problem-solving skill
is repeated according to external environmental factors and
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work environment, in addition to the skills in dealing with
others,  supervision, determining quality  standards,
coordination, and decision-making. The fifth ranking is shared
by four skills according to the success factors: the
organizational skill according to the external environment and
client, the general knowledge of project management skill
according to the success factors related to the project and
procurement, the communication skill according to the success
factors project-related to the work environment and project

TABLE IX.

management, and the supervision skill according to the success
factors related to the contractor. Table XIII demonstrates that
thirteen skills occupy the top five positions according to the
project success factors. This finding lends support to the third
and fourth hypotheses, which assert that project manager skills
possess a high and close importance, the determination of the
priority order is difficult except by using accurate methods, and
that the relative importance of project manager skills undergoes
negligible change depending on the project success factors.

SOFT SKILL CORRELATION

PEA| S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10

S11 | S12 | S13 | S14 | S15 | S16 | S17 | S18 | S19 | S20 | S21 | S22

S1

S2

0.6381] 1
x%

0.5979| 0.362

Kk *

0.525] 0.443
*k 4

S4 0.226

0.536| 0.397

k. *

0.686

S5 0.330 1

0.358
*

S6 |0.245| 0.299 |0.183 -0.002| 1

0.479

k.

0.563 |0.419

S7 s « 024810.305({0.253| 1

0.385

S8 5 0.498| 0.389

Kk *

0.515 | 0.365 | 0.555

0.3629*

0.362| 0.399 |0.397 0.614 |0.558 | 0.432

S9 0.279 | 0.196

0.422| 0.527 (0.421
*

S10 [0.057| 0.107 {0.164| 0.110 | 0.290 | 0.176

0.419 0.641 0.372
* EES *

S11 0.338 0.264 0.135 0.159

0-389 0211

0.401
*

0.369

S12 {0.180| 0.000 {0.320( .116 | 0.093 | 0.253 (0.278| 0.079 |0.215

0.500

ok

S1310.259] -0.008 0.062 | 0.257 [-0.031|0.170| 0.085 [0.174

0402 0279

0.372]0.480

sk

0.559

S1410.198| 0.021 0.241 | 0.324 | 0.031 |0.041 [-0.042|0.286|0.142

0.545[0.368|0.477

S15 {0.320( -0.013 {0.326 0.242 | 0.342 | 0.090 {0.232| 0.068 |0.302|0.269

0.516]0.438

Kk *

0.529

Kk

0.654

ok

0263 0.1181 0.454 0.352

S16 {0.339| 0.200 0.278 | 0.087 0.150 | "7, 710.097

0.293]0.337(0.235|0.256

0.687

kok

0.522

kok

0.467

kok

0.482

kok

0.5380.362 [0.512

kk * kk

S17 0.272 0.259 0.102

0.430 0.483

kok

0.169]0.126]0.284 1

0.554 0.415

S18 (0.201| 0.131 0.175 | 7,7 10.144 |10.143| 0.089 [ 0.107|0.136

0.459 0.594

0.201]0.148 0.064|0.289| 1

S19 |-0.007| 0.044 |0.234(-0.068| 0.064 | 0.157 |0.087| 0.021 | 0.293|0.224

0.497

Kk

0.584

ok

0.382

%

0.303 0.083{0.101(0.067| 1

0.485
wok

0.460

ok

0.372| 0.350 0.386 0.409 0.495
* ® * * ok

S20 0.312 0.199 0.336

0.352 0.368 0.477

0.338 0.254 0.200{0.173 0.331]0.153| 1

0.491| 0.416

ok *

0.506

Kk

0.479 | 0.377

Kk *

0.641

ok

0.623

ok

0.638

ok

0.608

Kk

S21 0.303

0.540|0.371

Kk *

0.368

%

0.629

ok

0.661

ok

0.404
*

0.152]0.249 0.232 0.283 1

0.488

Kk

S22 10.149| 0.301 {0.097(-0.041| 0.118 | 0.102 |0.079 0.085 |0.148

0.475

ok

0412

0.071|0-412[0:457

0.198 0.204{0.160(0.156|0.005|0.049 e 1

0.364
®

B. Experts Questionnaire Results

In the expert questionnaire, respondents were selected
based on the criterion that the years of experience were not less
than 15 years. MCDM, SWARA, and TOPSIS techniques were
used to analyze the results and Table XIV presents the
questionnaire sample, which included 14 experts, with 16 or
more years of experience, 93% being from Salah al-Din and,

* correlation is significant at the 0.05 level (2-tailed)

*#* correlation is significant at the 0.01 level (2-tailed)

having the same percentage of civil specialization. There are
71% Ph.D. degree holders and all of them work in the
government sector, with the same percentage being project
managers and the rest assistant managers. The last project
phase in which 65% of the respondents were involved, is the
planning and design phase, followed by the maintenance and
operations phase with 21% respondents.
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TABLE X. TECHNICAL SKILL CORRELATION TABLE XI. FREQUENCIES OF TOP FIVE SKILLS FOR EACH
FACTOR IN THE SUCCESS OF CONSTRUCTION PROJECTS
PEA| T1 T2 | T3 | T4 | TS | T6 | T7 | T8 | T9 | T10
T1 1 Soft Success factors Sum of | Sum of %
T2 [0.388% 1 skill ex|rrlpulwel cL|col pu repetiti | repetiti [Ascending
0.530%(0.459* code on on _[sort order
T30 1 SI [ [ e[21[12[19]18] 119 | 785 | 785
¥ ¥ sit [oJwofJi2]s[3[is|15] 8 5.41 13.26
T4 028372700 2 [ [ 7 [ 87 1] 71 | 468 | 17.94
T5 10.354*0.365%0.359% 0.318] 1 S6 11| 7 109 [12]13] 7 69 4.55 22.49
0.460%* S5 8 6 9 |13 13]10] 9 68 4.49 26.98
T6 10.33210.2641 029517, | 0.118) 1 S3 |11 | 4 1049125 65 | 429 | 3127
T7 10.315(0.362%/0.445% 0.323 ] 0.266 | .344 1 S4 ]9 S | 12110 9 8 64 4.22 35.49
0.533%(0.513#[0.546* 9 Jwlis[8]7[1nn]ls]s 64 422 | 3971
T8 03695, |70 | T |0-272]565% L1891 SI4 [ 9 |13 456109 [12] 58 | 3835 | 43.54
T9 [0.153]0.132{0.206{0.161 | .076 | .302 | .164 | .187 1 S10 5 7 8 8 | 131 7 8 56 3.69 47.23
0.480% S18 7 1121 2 7 5 |12 ] 10 55 3.63 50.86
T10 [0.250 [ ">° 10.381%0.360% 295 | .159 | 267 | 289 | .162 | 1 T o ot e 6t Tors =1 5% =2am
* correlation is significant at the 0.05 level (2-tailed) S8 6 7 9 6 9 7 4 48 3.17 57.59
*#* correlation is significant at the 0.01 level (2-tailed) T10 4 3 16 2 3 2 18 48 3.17 60.75
T9 3 7 4 5 6 | 11 | 11 47 3.10 63.85
1) Results of the Stepwise Weight Assessment Ratio Analysis T4 4 10131 4103 2 46 3.03 66.89
A SWARA project success factor analysis revealed that the S12 191 714171615171 45 | 297 | 6985
primary project success factors are associated with eight major ;g § Z 130 i 2 ?t g 43‘?; ;gz ;ggg
categories: project manager, project, procurement, client, ™ 1513155161315 37 Sax 7777
external environment, work environment, contractor, and Si7 1ol 21416161316 36 237 80.15
project management. Table XV presents the outcomes of the S20 | 4 | 4 3]10| 7] 31| 2 35 231 8245
stepwise weight assessment ratios of the project success Tl 6 |6 45347 35 231 84.76
factors. The project manager factor emerges as the primary S22 |3 [5 |35 712]5] 30 198 | 86.74
success factor, thereby addressing the initial and secondary T8 | 5141316131361 30 | 198 | 872
research questions and substantiating the first research SI3 |31 61416141412 29 191 90.63
hypothesis that the project manager is among the most ST175 ; 3 Z g : i ; ;g }3; gizz
significant factors. In the context of construction projects, the TS 3 5 2132136 = 158 | 9501
project manager is identified as a significant factor contributing 21 151313 212121 2 3 152 97.43
to success. The analysis further delineates the relative St6 | 2141|3131 21313 20 132 98.75
importance of other factors, including project purchasing, s19 |2 [3]3]2[4]3]2 19 125 | 100.00
contractor, work environment, project management, and client 1516 |

and external environment. The study's findings address the
research question, underscoring the significance and impact of
each factor on project success. It is noteworthy that the final
weights exhibit a narrow margin of variation, ranging from
0.105 to 0.14, indicating the robustness of the statistical
analysis and the reliability of the results.

The SWARA of soft and technical skills is presented in
Tables XVI and XVII, respectively. In this analysis, S1 is the
most important soft skill in relation to all success factors except
the external environment factor, and the external environment
factor, in relation to which, the most important soft skill is S3.
As for technical skills, T1 ranks first in relation to the work
environment and project factors, T2 ranks first in relation to the
purchases and external environment factors, and T9 ranks first
in relation to each of the contractor, project, and client factors.
The SWARA analysis demonstrates that the relative weight of
the soft and technical skills varies according to each of the
success factors. The results presented in Tables XVI and XVII
address the seventh research question, which inquires about the
relative priority of project manager skills according to each
factor of construction project success.

2) Results of the Preference Ranking of Skills according to
Success Factors using Technique for Order of Preference by
Similarity to Ideal Solution

The TOPSIS method is a comprehensive approach that
considers the variation in the preference ranking of skills
according to all project success factors, as opposed to
evaluating each factor individually. This method calculates the
preference ranking based on the combined effect of all success
factors. To enhance the efficiency of the TOPSIS method, it
was employed twice: initially to demonstrate the preference for
soft skills and subsequently to show the preference for
technical skills.

a) Technique for Order of Preference by Similarity to
Ideal Solution Soft Skills Preference Order

Tables XVIII and XIX present the steps of the preference
ranking technique by similarity to the ideal solution TOPSIS
for soft skills, incorporating the effect of all success factors. As
shown in Table XX, soft skills are prioritized in the following
order: coordination skill S1 with a weight of 0.98, followed by
the supervision skill S11 (0.552), general knowledge of project
management skill S2 (0.473), the skill of dealing with others S6
(0.444), and S9 decision-making (0.440).
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b) Technique for Order of Preference by Similarity to
Ideal Solution Technical Skills Preference Order

Tables XXI and XXII illustrate the steps of the preference
ranking technique by similarity to the ideal solution TOPSIS
for technical skills, considering the effect of all success factors.
Table XXIII presents the priority order of the technical skills,
with legal expertise being the leading skill. T2, with a weight of
0.672, is followed by oral and listening skills T10 (0.369),
planning, strategic planning, and goal setting T1 (0.359) and
innovation skill T9 (0.306).

IV. CONCLUSIONS

The present study aimed to ascertain the relative importance
of project manager skills in influencing project success. The

study's findings indicated that project managers who possess a
particular set of skills are considered key contributors to project
success. A comprehensive review of the extant literature
revealed eight primary factors that influence the success of
construction projects, with factors related to the project
manager exhibiting the highest relative importance according
to the Stepwise Weight Assessment Ratio Analysis (SWARA)
method (0.105-0.14). These factors include project manager,
project, procurement, contractor, work environment, project
management, and client. The present study examined the
shortcoming previously indicated in [27], according to which
there is a correlation between skills, and selecting the project
manager based on the skills they possess is a multi-criteria
problem according to the success factors.

TABLE XII.  THE RANKING OF THE TOP FIVE SKILLS ACCORDING TO EACH CATEGORY OF THE MAIN SUCCESS FACTOR
CATEGORIES
Success factors related to:
Rank eng?:(f;nm?:n ¢ The project Purchases Work environment Client Contractor Project management
Managing
1 | Coordination skill |Define the priorities | Coordination skill | Coordination skill relationships Coordination skill Coordination skill
Between individuals
Communication Feedback Skill in dealing with General knowledge
2 . Coordination skill & Delegation of project Feedback management
skills Management others
management
Skill in dealing with - . Communication . Maqaglng General knpwledge Organizational skills | General knowledge of
3 Decision making . relationships between of project .
others skills oo project management
individuals management
Conflict .
management / Determine qualit Conflict management Skill in dealing with
4 & . Supervision quatity |- problem solving | Coordination skill g Decision making
problem solving standards others
skill
General knowledge (General knowledge o - .
S . . . Communication | Organizational skills . - .
5 |Organizational skills of project of project skills Supervision Communication skills
management management )

The study demonstrated a weak to medium correlation 2 External environment
between soft skills ranging from 0.005 to 0.606, 0.076-0.606 Communication | ¢ 4 3 Purchases
between technical skills, and 0.707 between soft and technical skills 4 Work ertw“'m?mem art‘d
skills. Authors in [14-15, 21-26] noted the significance of project managemen

. " okill identifvi £ skills th Skill in deali ith 2 ‘Work environment
project managers' skill sets, identifying a group of skills that ill in dealing wi Soft 3 3 External environment
exert a substantial influence on the successful completion of others 4 Contractor
construction projects within the constraints of time, cost, and Conflict
quality. The study revealed that the Relative Importance Index management / Soft ) 5 |External environment and
(RII) of all soft and technical skills for the project manager is PrOblef{(l,lslol"mg work environment
high, ranging from 0.7 to 0.818. s

gh. ranging 0 0818 3 Contractor
Organizational skills| ~ Soft 3 External environment and
TABLE XII.  TOP FIVE SKILLS ACCORDING TO THE PROJECT & 5 .
SUCCESS FACTORS 3 The project
S fact lated Decision making Soft 2 4 project mr;najwement
. L. . uccess factors relate
Skills Type |RepetitionRanking to: Feedback Technical 2 ) Purchases and project
External environment, management management
1 work environment, Supervision Soft 2 4 The project
L . purchases, contractor, and 5 Contractor
Coordination skill Soft 7 . - - -
project management Managing relation- 1 Client
2 The prOJect sl}lpg bgtween Soft 2 3 Work environment
4 Client individuals
General knowledge 2 (;ontractgr Define the priorities Soft 1 1 The Projem
. Client, project Delegation Soft 1 2 Client
of project Soft 5 3 - -
management management Determine quality Soft 1 3 Purchases
5 The project and purchases standards -
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TABLE XIV. EXPERTS QUESTIONNAIRE SAMPLE
Governorate | Specialization |Years of experience | Academic degree . Work Sector | Respondent Role .
(%) (%) (%) (%) Project Type (%) (%) (%) Project Phase (%)
Salahal-Din 93|  Civil  [93| 21 ormore | 64 PhD 71| Govemment o \Governmenly g p oo Manager [71] OPeration and
buildings tal maintenance
B . Residential . .
aghdad |7 | Mechanical | 7| 16-20 years | 36 Master 22 complexes 7 Private 0 | Deputy Manager 29| Implementation |14|
Bachelor 7 | Water and sewage | 7 Planmr}g and 65)
design
TABLEXV. SWARA OF THE PROJECT SUCCESS FACTORS project manager skills as a multl-decmlo'n 'pro'blem using
Technique for Order of Preference by Similarity to Ideal
coad Global [p _Comptarativef Coefficien lRf-t 4| Weight Sqlution (TQPSIS), which revealed the order of preference for
odel "l e an \ ‘::11-20: 3:132 (ZS‘) t (K) vcvzialll ta(; ) W) skills according to the impact of all success factors. The results
Proi 8 : B indicated that the preference order for soft skills was:
roject .. . ..
MS | anager | ° 1.000 1.000 | 0.140 coordination skill (0.98), supervision (0.552), and general
PR | The project| 57 0.021 1.021 0979 | 0.137 knowledge of project management (0.473). The preference
PU | Purchases | 56 0.005 1.026 0.954 | 0.134 order for technical skills was: legal expertise (0.67), oral and
CO | Contractor | 56 0.007 1.033 0924 | 0.130 listening skills (0.369), planning, strategic planning, goal
wg| Work 54 0.012 1.045 0884 | 0.124 setting (0.359), and innovation (0.306). The study proposes the
environment . .
Prorect following:
PM | Tt | sy 0.003 1.048 0844 | 0.118 o ) o
management 3 e The cultivation of the project manager's competencies in
CL ng;;l 3 0.013 1.061 0.795 | 0.l112 construction projects should be prioritized as a significant
EX | vironment| 33 0.002 1.063 0.748 | 0.105 factor contributing to the success of the project.
7.129 e When the

The study further found that project managers' priorities
vary according to project success factors, and no single skill
occupies a fixed order among the top five most important
skills, which corresponds to the eighth research question. The
study examined the variation in the sequence of priorities for

selecting

a

project

manager,

specific

competencies and their respective quantities should be
given due consideration.

e The research findings offer a framework for decision-
makers in the selection of a project manager and the
identification of the most crucial competencies.

TABLE XVI. SWARA OF SOFT SKILLS
Soft Skills Ex ternal The project Purchases Work Client Contractor Project
environment environment management
Weight Weight Weight Weight Weight Weight Weight
Code W) Rank W Rank W) Rank W) Rank W) Rank W) Rank W) Rank
S1 0.057 2 0.064 1 0.062 1 0.068 1 0.056 1 0.061 1 0.063 1
S2 0.055 3 0.045 8 0.053 3 0.045 7 0.050 6 0.055 2 0.049 3
S3 0.058 1 0.038 16 0.055 2 0.055 2 0.041 10 0.055 2 0.041 10
S4 0.051 5 0.045 8 0.047 5 0.054 3 0.046 8 0.049 5 0.047 5
S5 0.053 4 0.044 9 0.047 5 0.050 4 0.048 7 0.049 6 0.049 4
S6 0.053 4 0.047 7 0.045 6 0.046 6 0.055 2 0.051 3 0.049 4
S7 0.049 6 0.048 6 0.044 9 0.043 11 0.039 12 0.050 4 0.045 6
S8 0.041 11 0.041 12 0.051 4 0.039 15 0.053 4 0.043 10 0.040 12
S9 0.042 10 0.063 2 0.044 9 0.044 9 0.050 6 0.049 6 0.045 7
S10 0.040 13 0.041 13 0.045 7 0.044 8 0.052 5 0.039 14 0.044 8
S11 0.043 9 0.056 4 0.062 1 0.046 5 0.054 3 0.047 7 0.056 2
S12 0.043 9 0.049 5 0.040 12 0.046 5 0.040 11 0.046 8 0.045 7
S13 0.041 12 0.039 15 0.045 8 0.046 6 0.046 8 0.042 11 0.040 13
S14 0.041 12 0.057 3 0.042 10 0.043 11 0.042 9 0.046 8 0.049 3
S15 0.041 11 0.039 15 0.040 11 0.042 12 0.039 12 0.043 10 0.041 11
S16 0.039 14 0.040 14 0.040 11 0.043 11 0.039 13 0.041 12 0.040 12
S17 0.047 7 0.039 15 0.040 12 0.040 14 0.040 11 0.040 13 0.041 10
S18 0.046 8 0.043 10 0.040 12 0.045 7 0.042 9 0.047 6 0.049 3
S19 0.039 14 0.042 11 0.040 11 0.040 14 0.039 12 0.040 13 0.040 13
520 0.041 11 0.039 15 0.040 12 0.043 10 0.046 8 0.040 13 0.042 8
S21 0.040 13 0.039 15 0.040 12 0.041 13 0.042 9 0.040 13 0.042 8
S22 0.039 14 0.040 14 0.040 12 0.044 9 0.041 10 0.040 13 0.041 10
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TABLE XVII. SWARA OFTECHNICAL SKILLS

Technical Skills |External environment| The project Purchases | Work environment Client Contractor _ |Project management
Code Weight (Wj) | Rank “g;l,]g)h‘ Rank V‘é;‘,]‘?’)ht Rank | Weight (Wj) | Rank “g;‘,]g)h‘ Rank “g;‘,]g)ht Rank |Weight (Wj)| Rank
T1 0.104 2 0.107 1 0.096 4 0.110 1 0.097 5 0.105 2 0.104 2
T2 0.106 1 0.097 5 0.139 1 0.097 5 0.097 5 0.099 3 0.097 4
T3 0.102 3 0.095 6 0.091 5 0.103 2 0.101 3 0.099 3 0.104 2
T4 0.104 2 0.103 2 0.096 4 0.096 6 0.103 2 0.097 4 0.097 4
T5 0.102 3 0.101 3 0.091 5 0.098 4 0.097 5 0.099 3 0.104 2
T6 0.104 2 0.103 2 0.091 5 0.100 3 0.099 4 0.099 3 0.095 5
T7 0.092 6 0.095 6 0.102 3 0.100 3 0.099 4 0.097 4 0.101 3
T8 0.094 5 0.095 6 0.091 5 0.103 2 0.097 5 0.097 4 0.095 5
T9 0.098 4 0.101 3 0.091 5 0.103 2 0.108 1 0.111 1 0.106 1

T10 0.094 5 0.099 4 0.112 2 0.098 4 0.099 4 0.097 4 0.095 5

TABLE XVIII. TOPSIS SOFT SKILLS DECISION MATRIX

Success factors | External environment | The project | Purchases | Work environment | Client | contractor | Project management

Soft Skills EX PR PU WE CL Cco PM
Wight 0.140 0.146 0.145 0.143 0.140 0.144 0.142
S1 0.057 0.064 0.062 0.068 0.056 0.061 0.063
S2 0.055 0.045 0.053 0.045 0.050 0.055 0.049
S3 0.058 0.038 0.055 0.055 0.041 0.055 0.041
S4 0.051 0.045 0.047 0.054 0.046 0.049 0.047
S5 0.053 0.044 0.047 0.050 0.048 0.049 0.049
S6 0.053 0.047 0.045 0.046 0.055 0.051 0.049
S7 0.049 0.048 0.044 0.043 0.039 0.050 0.045
S8 0.041 0.041 0.051 0.039 0.053 0.043 0.040
S9 0.042 0.063 0.044 0.044 0.050 0.049 0.045
S10 0.040 0.041 0.045 0.044 0.052 0.039 0.044
S11 0.043 0.056 0.062 0.046 0.054 0.047 0.056
S12 0.043 0.049 0.040 0.046 0.040 0.046 0.045
S13 0.041 0.039 0.045 0.046 0.046 0.042 0.040
S14 0.041 0.057 0.042 0.043 0.042 0.046 0.049
S15 0.041 0.039 0.040 0.042 0.039 0.043 0.041
S16 0.039 0.040 0.040 0.043 0.039 0.041 0.040
S17 0.047 0.039 0.040 0.040 0.040 0.040 0.041
S18 0.046 0.043 0.040 0.045 0.042 0.047 0.049
S19 0.039 0.042 0.040 0.040 0.039 0.040 0.040
S20 0.041 0.039 0.040 0.043 0.046 0.040 0.042
S21 0.040 0.039 0.040 0.041 0.042 0.040 0.042
S22 0.039 0.040 0.040 0.044 0.041 0.040 0.041

TABLE XIX. BEST (HIGHEST V+ VALUE) AND WORST IDEAL (WORST V- VALUE) VALUE CALCULATIONS FOR SOFT SKILLS

EX PR PU WE CL co PM

S1 0.0079 | 0.0094 | 0.0090 | 0.0097 | 0.0078 | 0.0087 | 0.0089
S2 | 0.0076 | 0.0065 | 0.0077 | 0.0065 | 0.0070 | 0.0079 | 0.0070
S3 0.0081 | 0.0056 | 0.0080 | 0.0078 | 0.0057 | 0.0079 | 0.0059
S4 | 0.0072 | 0.0065 | 0.0069 | 0.0077 | 0.0064 | 0.0071 | 0.0067
S5 0.0075 | 0.0064 | 0.0069 | 0.0071 | 0.0067 | 0.0070 | 0.0069
S6 | 0.0075 | 0.0069 | 0.0066 | 0.0066 | 0.0077 | 0.0073 | 0.0069
S7 | 0.0068 | 0.0071 | 0.0063 | 0.0061 | 0.0055 | 0.0072 | 0.0064
S8 | 0.0058 | 0.0060 | 0.0074 | 0.0056 | 0.0074 | 0.0061 | 0.0057
S9 | 0.0059 | 0.0092 | 0.0063 | 0.0063 | 0.0070 | 0.0070 | 0.0063
S10 | 0.0056 | 0.0059 | 0.0065 | 0.0064 | 0.0072 | 0.0057 | 0.0062
S11 | 0.0060 | 0.0082 | 0.0090 | 0.0066 | 0.0075 | 0.0067 | 0.0080
S12 | 0.0060 | 0.0072 | 0.0057 | 0.0066 | 0.0056 | 0.0066 | 0.0063
S13 | 0.0057 | 0.0057 | 0.0065 | 0.0066 | 0.0064 | 0.0061 | 0.0056
S14 | 0.0057 | 0.0084 | 0.0061 | 0.0061 | 0.0059 | 0.0066 | 0.0070
S15 | 0.0058 | 0.0057 | 0.0059 | 0.0060 | 0.0055 | 0.0061 | 0.0058
S16 | 0.0055 | 0.0058 | 0.0059 | 0.0061 | 0.0054 | 0.0059 | 0.0057
S17 | 0.0065 | 0.0057 | 0.0057 | 0.0057 | 0.0056 | 0.0057 | 0.0059
S18 | 0.0064 | 0.0063 | 0.0057 | 0.0065 | 0.0059 | 0.0068 | 0.0070
S19 | 0.0055 | 0.0062 | 0.0059 | 0.0057 | 0.0055 | 0.0058 | 0.0056
S20 | 0.0058 | 0.0057 | 0.0057 | 0.0062 | 0.0064 | 0.0057 | 0.0060
S21 | 0.0056 | 0.0057 | 0.0057 | 0.0058 | 0.0059 | 0.0057 | 0.0060
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S22 | 0.0055 | 0.0058 | 0.0057 | 0.0063 | 0.0057 | 0.0057 | 0.0059
V+ | 0.0081 | 0.0094 | 0.0090 | 0.0097 | 0.0078 | 0.0087 | 0.0089
V- | 0.0055 | 0.0056 | 0.0057 | 0.0078 | 0.0054 | 0.0057 | 0.0056
TABLE XX.  SI+, SI-, AND THE SOFT SKILL PERFORMANCE SCORE CI
Code Si+ Si- Ci Ranking
S1 0.000159 0.007795 0.980021 1
S2 0.005049 0.004531 0.472971 3
S3 0.005785 0.004138 0.417038 6
S4 0.005182 0.003084 0.373076 8
S5 0.005332 0.0034 0.389353 7
S6 0.005278 0.00422 0.444317 4
S7 0.006393 0.003215 0.334632 10
S8 0.007242 0.003445 0.322351 11
S9 0.005806 0.004573 0.440564 5
S10 0.007253 0.002544 0.259671 14
Si1 0.004452 0.005489 0.552144 2
S12 0.006684 0.002394 0.263728 13
S13 0.007457 0.001829 0.196934 19
S14 0.006327 0.003744 0.371787 9
S15 0.008009 0.001915 0.192953 20
S16 0.008174 0.00175 0.176363 21
S17 0.008091 0.002352 0.225181 15
S18 0.006678 0.002573 0.278136 12
S19 0.008219 0.002157 0.207897 16
S20 0.007843 0.001989 0.202305 17
S21 0.008198 0.002067 0.201393 18
S22 0.008043 0.001607 0.166518 22
TABLE XXI. TOPSIS TECHNICAL SKILLS DECISION MATRIX
Technical Skills | External environment | The project | Purchases | Work Environment | Client | Contractor | Project management
Code EX PR PU WE CL Cco PM
Wight 0.140 0.146 0.145 0.143 0.140 0.144 0.142
T1 0.104 0.107 0.096 0.110 0.097 0.105 0.104
T2 0.106 0.097 0.139 0.097 0.097 0.099 0.097
T3 0.102 0.095 0.091 0.103 0.101 0.099 0.104
T4 0.104 0.103 0.096 0.096 0.103 0.097 0.097
T5 0.102 0.101 0.091 0.098 0.097 0.099 0.104
T6 0.104 0.103 0.091 0.100 0.099 0.099 0.095
T7 0.092 0.095 0.102 0.100 0.099 0.097 0.101
T8 0.094 0.095 0.091 0.103 0.097 0.097 0.095
T9 0.098 0.101 0.091 0.103 0.108 0.111 0.106
T10 0.094 0.099 0.112 0.098 0.099 0.097 0.095
TABLE XXII. CALCULATION OF THE BEST IDEAL VALUE

(HIGHEST V+ VALUE) AND THE WORST IDEAL VALUE
(WORST V- VALUE) FOR TECHNICAL SKILLS

Code EX PR PU WE CL CO PM
T1 0.0145 | 0.0157 | 0.0140 | 0.0158 | 0.0136 | 0.0151 | 0.0148
T2 0.0148 | 0.0142 | 0.0202 | 0.0138 | 0.0136 | 0.0142 | 0.0138
T3 0.0143 | 0.0139 | 0.0132 | 0.0147 | 0.0142 | 0.0142 | 0.0148
T4 0.0145 | 0.0151 | 0.0140 | 0.0138 | 0.0145 | 0.0140 | 0.0138
T5 0.0143 | 0.0148 | 0.0132 | 0.0140 | 0.0136 | 0.0142 | 0.0148
T6 0.0145 | 0.0151 | 0.0132 | 0.0142 | 0.0139 | 0.0142 | 0.0136
T7 0.0129 | 0.0139 | 0.0148 | 0.0142 | 0.0139 | 0.0140 | 0.0144
T8 0.0132 | 0.0139 | 0.0132 | 0.0147 | 0.0136 | 0.0140 | 0.0136
T9 0.0137 | 0.0148 | 0.0132 | 0.0147 | 0.0151 | 0.0160 | 0.0150
T10 | 0.0132 | 0.0145 | 0.0163 | 0.0140 | 0.0139 | 0.0140 | 0.0136
V+ 0.0148 | 0.0157 | 0.0202 | 0.0158 | 0.0151 | 0.0160 | 0.0150
V- 0.0129 | 0.0139 | 0.0132 | 0.0138 | 0.0136 | 0.0140 | 0.0136

TABLE XXIII. SI+, SI-, AND THE TECHNICAL SKILL

(1]

PERFORMANCE SCORE CI
Code Si+ Si- Ci Ranking
Tl 0.006455 0.003616 0.359055 3
T2 0.003559 0.00728 0.671667 1
T3 0.007595 0.00213 0.218997 7
T4 0.007004 0.002303 0.247485 5
T5 0.007647 0.00205 0.211365 9
T6 0.007651 0.002073 0.213223 8
T7 0.006607 0.001907 0.22396 6
T8 0.008015 0.00095 0.105936 10
T9 0.007243 0.003199 0.306325 4
T10 0.005456 0.003192 0.369073 2
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