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Many companies have difficulties in fillingmanagerial positions.This is because there is a lack in understanding of the competencies
that a manager must have. This is as true for those responsible for selecting managers as it is for the employee who aspires to be a
manager. Furthermore, the construction industry seeks to appoint managers who are likely to excel in several different managerial
roles. However, currently, there is no model that classifies managers by the different competencies they need to perform specific
functions. This paper presents how a nonordered classification method was applied in a construction company in order to select
managers for different roles. While no manager is considered to be more important than any other, they nevertheless need to have
different competencies thatmatch those needed for the job assigned to them.Themodel also serves as a guide for evaluatingwhether
or not those already in or being considered for a managerial position have the competencies required.

1. Introduction

According to Firouzi et al. [1], the construction industry is
one of the most unreliable industries in terms of controlling
project costs and completing jobs on time.Many construction
projects exceed the estimated costs and completion date and,
subsequently, disputes arise between stakeholders. Increases
in the scale and complexity of construction projects have
made it all the more difficult to control such projects [2].

Therefore, Hanna et al. [3] say that a strategy for solv-
ing these persisting problems and achieving better project
performance lies in further study of the human component,
particularly project managers (PMs). Russell et al. [4] also
affirm that it is PMs who are responsible for ensuring the
general success of a construction project, which includes their
seeing to it that objectives associated with cost, schedule,
quality, and safety are met.

On the assumption that if people who manage and work
on projects are competent their performance will be effective
and that this leads to projects and organizations being

successful, Ofori [5] emphasizes the importance of examining
competencies closely above all in private companies. Jantti
and Greenhalgh [6] also state that it is only when the
competencies needed to develop leadership have been fully
identified that greater clarity is given to goals. This is also
likely to lead to insights into how a manager can become
skilled in a given competency and to determining points of
reference that can be evaluated.

In organizations focused on the principles and techniques
of project management, several studies [7–10] have recom-
mended that different styles of managing projects, as well
as different profiles of competencies and leadership styles of
PMs, must be selected appropriately for different types of
projects and situations.

Therefore, employees are actively encouraged and sup-
ported to participate in leadership programs and engage in
other professional development activities. However, despite
these efforts, filling leadership positions at both middle and
senior levels has been proven to be a challenge recently [6].
According to Rashidi et al. [11], selecting a project manager
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for construction projects is one of the most important and, at
the same time, one of the most complicated decisions to be
made.

One cause of this problem is that both those responsible
for selecting PMs and employees who aspire to be in this
position lack a good understanding of what skills a PM
needs to have [12]. The human reasoning that leads to
choosing a candidate is often ambiguous, biased, and lacking
in accuracy; yet the existing selectionmethods donot account
for this ambiguity and hence carry little validity and lack
efficiency [11].

Thus, it is essential to conduct further research on the
dimensions of each of the most critical skills a PM should
have in order to provide insight into gaps in the training
programs for those in the construction industry as a whole.
In addition, it would be helpful for engineering companies
to have an assessment tool that would better enable them to
identify strengths and weaknesses in key individuals which
a company can then use to plan training for professional
development [13].

According to Dainty et al. [14] and Hanna et al. [3],
although there have been numerous frameworks developed
to evaluate PMs, the literature reveals that how the relative
importance of PMs’ competencies is evaluated has been
based on subjective techniques rather than techniques based
on empirical data. Furthermore, people who are employed
as managers in the construction sector are given different
job titles and roles despite the fact that the responsibilities
assigned to PMs are often very similar, while in other
cases, some roles given to PMs should be undertaken by
other managers. Standard guidelines are needed for these
matters [15]. Cheng et al. [2] affirm that coordination between
differentmembers of the construction team is vital if a project
is to run smoothly. They also state that the key element
for carrying out a huge construction project is to have a
suitable project organizational structure, as this will improve
the efficiency of communication between different groups of
project members. Thus, in sum, the construction sector lacks
a model for classifying managers for different jobs by their
competencies.

2. Relevance of This Paper for
the Construction Industry

The importance of this article for companies in the con-
struction sector arises from reexamining their practice of
delegating different functions to the engineers who make up
the team assigned to each project. Many projects suffer from
implementation failures such as delays, significant increases
in estimated costs, and poor quality due to failures in the
performance of their managers. The importance of these
managers having the competencies needed for projects to
succeed has already been highlighted above. However, the
various models in the literature assess only the competencies
that should be required of PM posts, not the performance of
those who fill them, and the current models use subjective
approaches.

This article emphasizes the need to classify managers
prior to construction companies filling different positions

in projects. After classifying managers, a company can then
appoint the manager that best suits a particular function,
based on their previous performance when measured against
the competencies previously defined for the post he/she will
fill. In addition, a company may also use the information
on managers’ previous performance to design and deliver
training for managers in competencies in which they have a
major deficiency.

3. Theoretical Relevance of This Paper

There are several decision problems in our daily life involving
multiple criteria, which may be conflicting and unmeasur-
able. Consequently, implementing solid theoretical structures
to structure decision-making processes arises from the com-
plexity of making real-world decisions and the multiplicity
of factors that must be taken into account. Multicriteria
Decision Aid (MCDA) can be highly useful for decision-
makers (DMs) in such tasks [20].

However, MCDA has many methodologies that tackle
classification problems, one ofwhich is theNeXClassmethod,
whichwas proposed byRigopoulos et al. [21].They affirm that
NeXClass is a Decision Support System (DSS) that supports
classifying alternatives into predefined nonordered categories
according to their performance set against evaluation criteria
and implements a novel classification algorithm based on
multicriteria analysis and outranking relations.

This paper puts forward the NeXClass method in order
to classify different types of construction industry managers
and then this classification is used to match each manager
with the PM position that is the most appropriate for them,
based on assessing their competencies and performance on
construction projects to date.

This model is relevant to the construction industry since
the category of manager does not have a hierarchical order
but only requires different competencies according to what
function will be exercised. Moreover, using a classification
model is of fundamental importance, since this type of
model can be used with noncompensatory relations. This is
ideal whenever the lack of these competencies will not be
counterweighed by others that are at a higher level.

4. Literature Review

Competency models began to be developed in the early
1970s. Since then, the two main reasons, emphasized in the
literature, for the continuing interest in them are, firstly, their
usefulness in responding to changes in organizations and in
the workplace and, secondly, the fact that they are a response
to the needs of people since competency models can be used
in order to meet specific needs within organizations [22].

Thus, Sandwith [23] developed a competency model
based on domains, or segments of a job or task, and included
aspects of leadership and management, namely, the need
to develop interpersonal, conceptual, creative, and technical
skills. However, it only focuses on hospitals and the tourism
sector. Later, other researchers from other areas felt that there
was a need to develop their own competency model based on
elements of Sandwith’s [24].
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Goodwin [12] examined the PM’s role in relation to the
skills needed to fill a PM position. He concluded that a
PM’s effectiveness depends on his/her conceptual, human,
negotiation, and technical skills. However, this study has
gaps when it comes to training employees as it does not
adequately address how they can acquire other skills, for
example, in integration and development, human relations,
and communication.

To fill this gap, Gushgari et al. [13] drew up a list of twenty
skills that they considered were critical, or very important,
for PMs to have, and they also listed what they deemed as the
preferred methods of training members of an organization.

The research limitations in Gushgari et al. [13] are that
they compiled this list of skills based on interviews and did
not consider how such skills are deployed in practice nor
did they measure managers’ performance after they had been
trained. Thus, this article puts forward a model that allows
top management to measure managers’ performance as well
as giving suggestions on identifying possible deficiencies in
current training.

Arditi and Balci [18] evaluated the managerial competen-
cies of female PMs and compared the results with those of
male PMs in the context of the construction industry. How-
ever, the assessment of managers’ competencies took into
account neither the managers’ performance nor the team’s
competencies during the project. Therefore, Margerison [25]
proposed a competencies model for teams based on the fact
that, given global competition and technological advances,
organizational success depends more on a team’s efforts than
on an individual’s.

Dulewicz and Higgs [26] demonstrated that there is little
correlation between leaders’ competencies and functions
and commonly identified staff behaviors; only some roles
within a team and personality factors are correlated with
a leader’s performance. These authors suggested that three
types of competencies, namely, intellectual, management,
and emotional competencies, explained much of managerial
performance.Theymeasured these leadership constructs and
also the organizational context in terms of the degree of
change that a leader needs to undergo. In addition, they
show that a leader’s performance depends on the relationship
between leadership styles and the type of project itself;
namely, different leadership styles achieve better or worse
outcomes (relatively stable, significant change of context;
transformational change).However, application of their study
is limited to the private sector only and does not incorporate
measures of performance at work nor does it investigate the
link between style and context.

Cheng et al. [16] studied PMS in the construction indus-
try. A list of criteria to measure excellence in performance
was drawn up by a focus group of key stakeholders and
used to identify a “superior” group of managers and an
“intermediate” group. Interviews with “superior” level man-
agers were used to identify competencies associated with
high performance.The results indicated that seniormanagers
could be distinguished from middle managers by measuring
12 competencies. However, this study has limitations, since
the managers’ training and development was only based on
the competencies it measured.

In order to identify competencies in the project man-
agement area, Ofori [5] conducted an exploratory study
using a sample of 200 intentionally selected managers. In
this instance, competence scores were used to determine
management competence levels in organizational projects.
The research used a structured, two-part questionnaire as
the basis of collecting primary data. The first part collected
demographic data from respondents, while the second part
sought information about knowledge and skill levels as a
proxy to determine the respondents’ competency levels in a
number of project management areas [5]. Nevertheless, the
study did not assess the most important competencies for
each type of management nor did it consider the fact that
managers in different jobs require different competencies.

Hanna et al. [3] distinguish outstanding PMs from
average ones and reflect on the relative importance that
professionals in the construction industry attribute to each
competence of a PM. By using an additive model in their
research, they consider that a PM’s particular deficiency in
a competence area could be compensated by another where
this same PM has greater success. In this case, whatever
important competencies for success that PMs have in a given
project could be balanced by others that are less necessary.
However, the study focuses only on PMs, without considering
other posts and the activities that holders of these other
posts undertake in the construction sector. In other words,
the study ignores the fact that the competencies or mix
of competencies needed by holders of different posts with
different functions vary from project to project.

5. Multicriteria Approach

MCDA seeks to support DMs to organize and summarize
information in a way that makes them feel comfortable
and confident when they make decisions. MCDA is used to
assess multiple objectives, which are variables that frequently
have different measurement units, in an integrated manner
[20].

The classification used in this article is to allocate a set
of alternatives into predefined homogeneous classes [27].
According to Rigopoulos et al. [21], classification methods
are divided into two groups: supervised and unsupervised
groups. The supervised group is when we have data or
cases with predefined classes and the objective is to build
a model to classify unlabeled data; that is, these data will
be classified in predefined classes. Depending on whether
categories are ordered or not, they are defined as sorting or
classification. The unsupervised group is when we have the
unlabeled data to cluster them into different clusters, based
on appropriate algorithms. Categories are not predefined,
and this approach is denoted as clustering. Doumpos and
Zopounidis [27] emphasize that the difference between clas-
sification and clustering is that in classification problems the
groups are defined a priori, whereas in clustering the objective
is to identify groups (clusters) of alternatives sharing similar
characteristics.

Among the existing classification methods, the following
stand out for our purposes: ELECTRE TRI which is based
on the outranking relations approach [28, 29]; the UTADIS
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method, a classification model using an additive utility
function ([27, 30]); and the fuzzy method PROAFTN [31].

However, to apply PROAFTN, the values of several
parameters need to be determined prior to classification, such
as boundaries of intervals, weights, and preference thresh-
olds. In an MCDA context, defining what the “boundaries”
of the attributes and the weights are depends on the DM’s
judgment. Unfortunately, this process is complex so it is often
difficult for a DM to assign accurate quantitative values to
these parameters. Moreover, the parameters that represent
the preferences are often unclear and may change over time
[32].

NeXClass differs from all the existing methods in that it
introduces a novel classificationmethod based on a threshold
entry level for each category instead of a central category
prototype. Another benefit of the proposed methodology is
that DMs can use it whenever the number of training data
sets is low or is difficult to define [21].

According to Rigopoulos et al. [21], the NeXClass
methodology (Figure 1) is a classificationmethod based on an
entry-level limit for each category.This is a noncompensatory
method with nominal classes which this article uses to assign
managers to different roles in a project in the construction
sector in accordance with how their skills have been evalu-
ated.

6. Methods

This article puts forward amethod based onMCDA concepts
which classifies managers in the construction industry in
terms of their ability to perform different roles. This is
measured against their performance in the competencies that
are most appropriate and which such a professional in each
of these roles needs to have in order to be successful in their
respective duties.

In addition to identifying competencies and their level
of importance in predetermined jobs, the proposed method
also offers guidelines on how to evaluate whether or not
managers have such competencies.These guidelines are based
on conclusions drawn from reviewing the literature and
propose what kind of training is best suited to overcome
weaknesses identified that a PM may have in some of the
competencies. Finally, feedback is provided on factors that
were critical for the project’s success or failure.

The research approach is carried out in three stages: (1)
describing the problem, (2) applying the MCDA method
in the company studied, and (3) evaluating the results. The
sequence of steps is given in Figure 2.

6.1. Step 1: Describing the Problem. Themain objectives of this
stage are to describe the research problem and to do so by
drawing on observations made from reviewing the literature
and to conduct an exploratory study of the company.

6.1.1. Description of the Company and Its Managers. The
construction company in the study is currently running
six projects and directly employs approximately 650 people.
The team includes 12 civil engineers: the director, the cost
manager, the schedule manager, the contract manager, the
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Figure 1: NeXClass algorithm [20].

quality manager, and the project manager and the other six
are residents.

Although there are no major flaws in how projects are
carried out, problems such as late delivery of buildings and
increases in budget costs are frequent, causing the company’s
topmanagement to feel the need tomicromanage their active
managers to ensure that projects progress efficiently.
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Step 1: describing the problem

(a) Describe the company and its 
managers

(b) Identify the main competencies
adopted in the paper

(c) Prepare guidelines on how to
evaluate managers’ competencies

Step 2: apply the MCDA

(a) Set the parameters

(b) Set the criteria weights

(c) Set the category profiles

(d) Define the alternatives

Step 3: evaluate the results

(a) Classify the results

(b) Validate the results

(c) Present results to the company

Based on the literature review and
exploratory study of the company

NeXClass methodology Show and discuss the results with the
company and then make any necessary

adjustments in training and/or the
allocation of managers

Figure 2: Steps for applying the NeXClass method so as to classify managers by competencies.

Therefore, this article set out to verify, by applying the
classification model NeXClass, if the managers currently
assigned had the most appropriate competencies in each one
of their functions and if these enabled them to exercise their
respective positions. Otherwise, projects in progress could be
hampered by the lack of competence of one or more of their
managers. One solution to this problem would be to train the
manager in the competency in which he presents a deficiency
or, alternatively, to assign managers to other positions.

In the present study, theDMwas identified as the director,
since he was responsible for changing the function of some
managers at the end of each project.Thefive positions chosen,
which are listed below and to which the method was applied,
were only those that changed from project to project. Their
functions were defined by the director and also from some of
those identified from the literature (see [33, 34]).

𝐶1: Cost Manager. The cost manager must be a profi-
cient estimator with capabilities ranging from conceptual
design to drawing up construction documents and must be
knowledgeable about the requirements and mechanics of
project budgets. He/she must also have a broad and accurate
understanding of project expenses besides construction costs.

𝐶2: Schedule Manager. The schedule manager must not only
be an excellent scheduling technician; he/she must know
what types of schedules will be most effective in every
situation and how to make scheduling work effectively on a
project. Also, he/she must have a full understanding of the
time requirements for all aspects and elements of project
delivery, as well as intimate knowledge of production rates of
geographically located construction trades.

𝐶3: Contract Manager. The contract manager must have
experience in all the facets of contractingwhichmight emerge
during the project. Some of these consist of awareness of
contract language/requirements, contract procedures, labor
relations, passive and active contract enforcement, liability
and forms of property insurance, contracting forms of surety,

standards of performance, contractor procedures, construc-
tion safety, testing and quality practices, dispute resolution,
contractor qualification, purchasing practices, design office
practice, subcontracting, consultant practices, and other
unstated facets inherent to project delivery.

𝐶4: Quality Manager. In order to contribute to setting quality
standards, the quality manager must possess expertise in
specifying materials and equipment. To develop a quality
management program that effectively monitors both the
design and construction processes, he/she must also have
an intimate knowledge of the functions of both the design
professional and trade contractors. These abilities must be
adequately available in any qualitymanager considered by the
DM.

𝐶5: Project Manager. Project manager coordinates all of those
functional specialists (i.e., designers, estimators, purchasers,
and constructors) who are required for the particular project.
He/she must have experience in their area of expertise and in
project management; he/she must have mastered techniques,
management processes, and tools and preferably must be
specialized in the project area or possess an international
certification in construction management.

6.1.2. Identify the Main Competencies Adopted in the Paper.
Assuming that the company’s managers were assessed on
their knowledge of and abilities inmanagement functions, the
study sought to define a set of appropriate assessment criteria,
namely, those used to evaluate the most important aspects of
a managers’ performance, and the level of competence they
achieved when matched against each of these criteria. The
criteria selected, and how these were defined, were based on
observations made after reviewing the literature.

These competencies were divided into three groups:
intellectual, management abilities, and emotional. The first
group covers those related to technical and scientific aspect
of the job; the reality of the organization, processes, products,
the market, and technology; models and instruments of
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management; knowledge of mechanisms of human interac-
tion at work; and theories of leadership, motivation, cre-
ativity, and teamwork. Managerial ability concerns the skills
required to achieve positive results in human interaction, to
tackle process management successfully, and to constantly
search for quality. The emotional group entails being able to
manage successfully the emotional, behavioral, and motiva-
tional factors of an individual.

6.1.3. Prepare Guidelines on How to Evaluate Managers’ Com-
petencies. Having described the problem and its values,
the study proposes a guide to identify whether each class
of managers already has the competencies that the Guide
suggests it should have. Therefore, the main objective of the
guide was to use it as a means to indicate themain limitations
of the company’s managers: in their respective assignments
or classes. Thus, each criterion was presented and explained
to the company’s top management, which was responsible
for evaluating the managers. The evaluation was made by
using a nominal scale from 1 to 5, where 1 = very competent
(VC); 2 = competent (C); 3 = somewhat competent (SC); 4
= uncertain (U); and 5 = not competent (NC). The meaning
of each of these levels for each of the criteria is explained
in the Appendix, which also presents the guide for measur-
ing the criteria which is adapted from the study of Ofori
[5].

6.2. Step 2: Apply the MCDA—NexClass Method. The appli-
cation of the NeXClass method set out to classify company
managers by predefined classes using the competencies listed
in Table 1.

6.2.1. Set the Parameters. The NeXClass methodology is rep-
resented by an algorithm which has the following notation:

(1) 𝐴 = {𝑎1, 𝑎2, . . . , 𝑎𝑚}: a set of alternatives which are to
be classified into a number of categories.

(2) 𝐺 = {𝑔1, 𝑔2, . . . , 𝑔𝑛}: a set of evaluation criteria.

(3) 𝐶 = {𝐶1; 𝐶2; . . . , 𝐶𝑘}: a set of categories.

(4) 𝐵ℎ = {𝑏ℎ1 , 𝑏ℎ2 , . . . , 𝑏ℎ𝑘 }: a set of prototypes for category h,
where 𝐵ℎ = {𝑏ℎ𝑖 | 𝑖 = 1, . . . , 𝑘, ℎ = 1, . . . , 𝐿ℎ} and 𝑏ℎ𝑖 is
the 𝑖th prototype of the ℎth category.These prototypes
define the category as thresholds of entrance into a
category.

(5) The performance of the alternatives against the cri-
teria is calculated in such a way that �𝑎, 𝑔(𝑎) =
(𝑔1(𝑎), 𝑔2(𝑎), . . . , 𝑔𝑛(𝑎)) and �𝑏ℎ𝑖 , 𝑔(𝑏ℎ𝑖 ) = (𝑔1(𝑏ℎ𝑖 ),
𝑔2(𝑏ℎ𝑖 ), . . . , 𝑔𝑛(𝑏ℎ𝑖 )).

Two processes are used to perform allocations: an opti-
mistic one and a pessimistic one. In the case of the pes-
simistic process, the alternatives are compared successively
to reference profiles 𝑏ℎ, starting with the ordering of the
best alternatives. The process then moves on to the next
reference profile 𝑏ℎ until the credibility index exceeds the
cutting level. At that point, the process allocates alterna-
tive “𝑎” to the delimited category for that lower reference
profile.

In the case of the optimistic process, the comparison
begins with the worst reference profile 𝑏ℎ. The process
then moves on to the next profile until reference profile
𝑏ℎ is found, where the credibility index exceeds the cut-
ting level. When that occurs, alternative “𝑎” is allocated
to the category defined as the highest by reference profile
𝑏ℎ.

The NeXClass algorithm was implemented by using the
following steps:

(i) Compute the partial concordance index [𝑐𝑗(𝑎, 𝑏ℎ𝑖 ),
𝑐𝑗(𝑏ℎ𝑖 , 𝑎)] (see (1)):

𝑐𝑗 (𝑎, 𝑏ℎ𝑖 ) =

{{{{{{
{{{{{{
{

0, 𝑔𝑗 (𝑎) ≤ 𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑝𝑗 (𝑏ℎ𝑖 ) ,
𝑔𝑗 (𝑎) − 𝑔𝑗 (𝑏ℎ𝑖 ) + 𝑝𝑗 (𝑏ℎ𝑖 )

𝑝𝑗 (𝑏ℎ𝑖 ) − 𝑞𝑗 (𝑏ℎ𝑖 )
, 𝑔𝑗 (𝑎) ∈ (𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑝𝑗 (𝑏ℎ𝑖 ) , 𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑞𝑗 (𝑏ℎ𝑖 )) ,

1, 𝑔𝑗 (𝑎) ≥ 𝑔
𝑗
(𝑏ℎ𝑖 ) − 𝑞𝑗 (𝑏ℎ𝑖 ) ,

𝑐𝑗 (𝑏ℎ𝑖 , 𝑎) =

{{{{{{
{{{{{{
{

0, 𝑔𝑗 (𝑎) ≥ 𝑔𝑗 (𝑏ℎ𝑖 ) + 𝑝𝑗 (𝑏ℎ𝑖 ) ,
𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑔𝑗 (𝑎) + 𝑝𝑗 (𝑏ℎ𝑖 )

𝑝𝑗 (𝑏ℎ𝑖 ) − 𝑞𝑗 (𝑏ℎ𝑖 )
, 𝑔𝑗 (𝑎) ∈ (𝑔𝑗 (𝑏ℎ𝑖 ) + 𝑞𝑗 (𝑏ℎ𝑖 ) , 𝑔𝑗 (𝑏ℎ𝑖 ) + 𝑝𝑗 (𝑏ℎ𝑖 ))

1, 𝑔𝑗 (𝑎) ≤ 𝑔
𝑗
(𝑏ℎ𝑖 ) + 𝑞𝑗 (𝑏ℎ𝑖 ) .

(1)

(ii) Compute the global concordance index 𝑐(𝑎, 𝑏ℎ) and
𝑐(𝑏ℎ, 𝑎) (see (2)):

𝐶 (𝑎, 𝑏ℎ𝑖 ) =
𝑛

∑
𝑖=1

𝜔𝑖𝑐𝑗 (𝑎, 𝑏ℎ𝑖 ) ,

𝐶 (𝑏ℎ𝑖 , 𝑎) =
𝑛

∑
𝑖=1

𝜔𝑖𝑐𝑗 (𝑏ℎ𝑖 , 𝑎) .

(2)

(iii) Compute the discordance index𝑑𝑗(𝑎, 𝑏ℎ) and𝑑𝑗(𝑏ℎ, 𝑎)
(see (3)):



Mathematical Problems in Engineering 7

Ta
bl
e
1:
Se
to

fc
om

pe
te
nc
ie
st
ha
tp

ro
je
ct
m
an
ag
er
sn

ee
d
to

ha
ve
.

C
om

pe
te
nc
ie
s

D
es
cr
ip
tio

n
In
te
lle
ct
ua
lg
ro
up

:r
ep
re
se
nt
si
nt
el
lig
en
ce

an
d
pr
ob

le
m
-s
ol
vi
ng

sk
ill
s.

𝑔 1
C
on

ce
pt
ua
lt
hi
nk

in
g

U
nd

er
sta

nd
st
he

pa
rt
so

fa
sit
ua
tio

n
or

pr
ob

le
m

an
d
se
es

th
ew

ho
le.

Th
is
in
clu

de
si
de
nt
ify

in
g
pa
tte

rn
so

rc
on

ne
ct
io
ns

be
tw
ee
n
sit
ua
tio

ns
th
at
ar
en

ot
re
lat
ed

an
d
id
en
tif
yi
ng

ke
y
or

un
de
rly

in
g
iss
ue
si
n
co
m
pl
ex

sit
ua
tio

ns
([
12
,1
6,
17
])
.

𝑔 2
A
na
ly
tic

al
th
in
ki
ng

D
ev
elo

ps
un

de
rs
ta
nd

in
g
of

as
itu

at
io
n
by

di
vi
di
ng

it
in
to

sm
al
le
rs
eg
m
en
ts
or

tr
ac
in
g
th
ei
m
pl
ic
at
io
ns

of
as

itu
at
io
n
in

ac
au
sa
lw

ay
,s
te
p
by

ste
p.
Th

is
in
clu

de
so

rg
an
iz
in
g
th
ep

ar
ts
of

ap
ro
bl
em

or
sit
ua
tio

n
sy
ste

m
at
ic
al
ly,

sy
ste

m
at
ic
al
ly
co
m
pa
rin

g
di
ffe
re
nt

fe
at
ur
es

or
as
pe
ct
s,

se
tti
ng

pr
io
rit
ie
so

n
ar

at
io
na
lb
as
is,

an
d
id
en
tif
yi
ng

se
qu

en
ce
so

ft
im

ea
nd

ca
us
al
re
lat
io
ns
hi
ps

([
16
–1
8]
).

𝑔 3
Te
ch
ni
ca
lk
no

w
le
dg
e

U
nd

er
sta

nd
sa

nd
is
pr
ofi

ci
en
ti
n
sp
ec
ifi
ct
yp
es

of
ac
tiv

ity
,e
sp
ec
ia
lly

th
os
ei
nv
ol
vi
ng

m
et
ho

ds
,p
ro
ce
ss
es
,p
ro
ce
du

re
s,
or

te
ch
ni
qu

es
.H

as
sp
ec
ia
liz
ed

kn
ow

le
dg
ea

nd
an

an
al
yt
ic
al
ca
pa
ci
ty
w
ith

in
th
es

pe
ci
al
ty
an
d
us
es

w
ith

ea
se

sp
ec
ifi
ct
oo

ls
an
d
te
ch
ni
qu

es
of

th
at
di
sc
ip
lin

e[
12
].

M
an
ag
em

en
tg

ro
up

:k
no

w
le
dg
ea

nd
sk
ill
si
n
m
an
ag
em

en
tf
un

ct
io
ns
.

𝑔 4
In
iti
at
iv
e

H
as

de
m
on

st
ra
te
d
th
ro
ug

h
pr
oa
ct
iv
ea

ct
io
ns

th
ea

bi
lit
y
to

pr
ev
en
tp

ro
bl
em

si
n
or
de
rt
o
im

pr
ov
ew

or
k
re
su
lts

an
d
av
oi
d
di
ffi
cu
lti
es
.Th

is
m
ay

in
vo
lv
efi

nd
in
g
or

cr
ea
tin

g
ne
w
op

po
rt
un

iti
es

w
ith

in
an
d
ex
te
rn
al
to

th
ep

ro
je
ct
en
vi
ro
nm

en
t(
[1
6–

18
])
.

𝑔 5
Te
am

w
or
k,
co
op

er
at
io
n,

an
d
co
m
m
un

ic
at
io
n

In
vo
lv
es

th
eg

en
ui
ne

in
te
nt
io
n
to

w
or
k
co
op

er
at
iv
ely

w
ith

ot
he
rs
ra
th
er

th
an

se
pa
ra
te
ly
or

co
m
pe
tit
iv
ely

.D
em

on
st
ra
te
se

ffe
ct
iv
ei
nt
er
ac
tio

n
ca
pa
ci
ty
w
ith

ot
he
rs
at
al
ll
ev
el
si
ns
id
ea

nd
ou

tsi
de

th
eo

rg
an
iz
at
io
n
([
16
–1
8]
).

𝑔 6
Te
am

le
ad
er
sh
ip

Re
fe
rs
to

th
ei
nt
en
tio

n
to

ta
ke

al
ea
di
ng

ro
le
in

at
ea
m
.W

hi
le
th
is
im

pl
ie
sa

de
sir
et
o
le
ad

ot
he
rs
an
d
so

ca
n
be

m
an
ife
ste

d
in

th
ef
or
m

of
au
th
or
ity

an
d
fo
rm

al
re
sp
on

sib
ili
ty
,e
ffe
ct
iv
et
ea
m

le
ad
er
sh
ip

al
so

re
qu

ire
st
he

le
ad
er

to
kn

ow
w
he
n
no

tt
o
be

ov
er
be
ar
in
g
in

or
de
rt
o
ge
tt
he

be
st
ou

to
ft
he

te
am

([
16
,1
7]
).

𝑔 7
In
fo
rm

at
io
n
se
ek
in
g

Re
fe
rs
to

an
un

de
rly

in
g
cu
rio

sit
y
or

de
sir
et
o
kn

ow
m
or
ea

bo
ut

th
in
gs
,p
eo
pl
e,
or

iss
ue
s(
[1
6,
17
])
.

𝑔 8
Ac

hi
ev
em

en
to

rie
nt
at
io
n

Re
fe
rs
to

th
em

an
ag
er
’s
co
nc
er
n
to

w
or
k
to
w
ar
ds

as
ta
nd

ar
d
of

ex
ce
lle
nc
e.
Th

ep
at
te
rn

ca
n
be

ba
se
d
on

an
in
di
vi
du

al’
sp

as
tp

er
fo
rm

an
ce

on
a

m
ea
su
re
d
ob

je
ct
iv
eo

rs
im

pl
y
in

pe
rs
on

al
go
al
sa

lig
ne
d
w
ith

pr
oj
ec
ta
nd

or
ga
ni
za
tio

na
lg
oa
ls
([
16
–1
8]
).

𝑔 9
Fo

cu
so

n
cu
sto

m
er
’s

ne
ed
s

C
on

ce
rn
ed

w
ith

di
sc
ov
er
in
g
an
d
m
ee
tin

g
cu
sto

m
er
s’
re
qu

ire
m
en
ts,

al
on

g
w
ith

th
ed

es
ire

to
he
lp
an
d
se
rv
eo

th
er
s(
[1
6–

18
])
.

𝑔 1
0

Ri
sk

Ch
al
le
ng
es

th
es

ta
tu
sq

uo
,t
ak
es

ris
ks
,a
nd

ad
ap
ts
to

ch
an
ge
si
n
th
ep

ur
su
it
of

pr
og
re
ss
[1
8]
.

𝑔 1
1

D
ec
isi
on

-m
ak
in
g

Ca
pa
ci
ty
to

ta
ke

ap
pr
op

ria
te
m
ea
su
re
su

nd
er

th
ec

on
str

ai
nt
so

ft
im

e,
av
ai
la
bl
ei
nf
or
m
at
io
n,

an
d
lim

ite
d
re
so
ur
ce
s[
18
].

Em
ot
io
na
lg
ro
up

:l
in
ke
d
to

em
ot
io
na
l,
be
ha
vi
or
al
,a
nd

m
ot
iv
at
io
na
lf
ac
to
rs
of

an
in
di
vi
du

al
.

𝑔 1
2

Im
pa
ct
,i
nfl

ue
nc
e,
an
d

ne
go
tia

tio
n

Th
is
re
fe
rs
to

th
ei
nt
en
tio

n
to

pe
rs
ua
de
,c
on

vi
nc
e,
in
flu

en
ce
,o
ri
m
pr
es
so

th
er
si
n
or
de
rt
o
su
pp

or
ta
n
ag
en
da

or
th
ed

es
ire

to
ha
ve

an
im

pa
ct

or
sp
ec
ifi
ce

ffe
ct
on

ot
he
rs
([
12
,1
6,
19
])
.

𝑔 1
3

D
ire

ct
iv
ity

/a
ss
er
tiv

en
es
s

Th
is
re
fe
rs
to

an
in
te
nt
io
n
to

en
su
re

th
at
su
bo

rd
in
at
es

sa
tis
fy
th
ei
rw

an
ts.

St
ee
rin

g
be
ha
vi
or

ha
sa

to
ne

of
“t
el
lin

g
pe
op

le
w
ha
tt
o
do

.”
Th

e
to
ne

of
di
re
ct
iv
eb

eh
av
io
rv

ar
ie
sf
ro
m

be
in
g
fir
m

an
d
di
re
ct
iv
et
o
be
in
g
de
m
an
di
ng

[1
6]
.

𝑔 1
4

Se
lf-
co
nt
ro
l

Th
ea

bi
lit
y
to

ke
ep

em
ot
io
ns

un
de
rc

on
tro

la
nd

re
str

ai
n
ne
ga
tiv

ea
ct
io
ns

w
he
n
fa
ce
d
w
ith

op
po

sit
io
n
or

ho
st
ili
ty
fro

m
ot
he
rs
or

w
or
ki
ng

in
st
re
ss
fu
lc
on

di
tio

ns
[1
6]
.

𝑔 1
5

Cr
ea
tiv

ity
an
d

in
no

va
tio

n
Ab

ili
ty
to

co
nc
ep
tu
al
iz
en

on
tr
ad
iti
on

al
so
lu
tio

ns
to

pr
ob

le
m
s[
18
].

𝑔 1
6

Fl
ex
ib
ili
ty
an
d

ad
ap
ta
bi
lit
y

Th
ea

bi
lit
y
to

ad
ap
ta
nd

w
or
k
eff
ec
tiv

ely
in

av
ar
ie
ty
of

sit
ua
tio

ns
,i
nd

iv
id
ua
ls,

or
gr
ou

ps
.Th

ea
bi
lit
y
to

un
de
rs
ta
nd

an
d
ap
pr
ec
ia
te
di
ffe
re
nt

an
d
op

po
sin

g
pe
rs
pe
ct
iv
es

on
an

iss
ue
,t
o
ad
ap
ta
n
ap
pr
oa
ch

to
th
en

ee
ds

of
ac

ha
ng

in
g
sit
ua
tio

n
an
d
ch
an
ge
,o
rt
o
ea
sil
y
ac
ce
pt

ch
an
ge
si
n

th
eo

rg
an
iz
at
io
n
or

in
its

ne
ed
sf
or

em
pl
oy
ee
s(
[1
6,
18
])
.



8 Mathematical Problems in Engineering

Table 2: Ranking of the competencies needed by managers.

Rank Subset of ex aequo Number of cards by rank

1 (i) Conceptual thinking (𝑔1)
(ii) Analytical thinking (𝑔2)

2

2 (i) Risk (𝑔10) 1

3 (i) Creativity and innovation (𝑔15)
(ii) Focus on customer’s needs (𝑔9)

2

4 (i) White card 1

5 (i) Self-control (𝑔14)
(ii) Flexibility and adaptability (𝑔16)

2

6
(i) Technical knowledge (𝑔3)
(ii) Impact, influence, and negotiation
(𝑔12)
(iii) Directivity/assertiveness (𝑔13)

3

7
(i) Achievement orientation (𝑔8)
(ii) Initiative (𝑔4)
(iii) Information search (𝑔7)

3

8 (i) White card 1
9 (i) Team leadership (𝑔6) 1
10 (i) Decision-making (𝑔11) 1

11 (i) Teamwork, cooperation, and
communication (𝑔5)

1

𝑑𝑗 (𝑎, 𝑏ℎ𝑖 ) =

{{{{{{
{{{{{{
{

0, 𝑔𝑗 (𝑎) ≥ 𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑝𝑗 (𝑏ℎ𝑖 ) ,
𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑔𝑗 (𝑎) − 𝑝𝑗 (𝑏ℎ𝑖 )

V𝑗 (𝑏ℎ𝑖 ) − 𝑝𝑗 (𝑏ℎ𝑖 )
, 𝑔𝑗 (𝑎) ∈ (𝑔𝑗 (𝑏ℎ𝑖 ) − V𝑗 (𝑏ℎ𝑖 ) , 𝑔𝑗 (𝑏ℎ𝑖 ) − 𝑝𝑗 (𝑏ℎ𝑖 )) ,

1, 𝑔𝑗 (𝑎) ≤ 𝑔
𝑗
(𝑏ℎ𝑖 ) − V𝑗 (𝑏ℎ𝑖 ) ,

𝛾𝑖 (𝑎, 𝑏ℎ𝑖 ) =
{{{
{{{
{

𝐶(𝑎, 𝑏ℎ𝑖 ) , If 𝑑𝑗 (𝑎, 𝑏ℎ𝑖 ) < 𝐶 (𝑎, 𝑏ℎ𝑖 ) ,

𝐶 (𝑎, 𝑏ℎ𝑖 )∏
1 − 𝑑𝑗 (𝑎, 𝑏ℎ𝑖 )
1 − 𝐶 (𝑎, 𝑏ℎ𝑖 )

, Otherwise.

(3)

(iv) Compute the excluding degree 𝛾tot𝑖 = 𝛾𝑖(𝑏ℎ𝑖 , 𝑎)/(1 +
𝛾𝑖(𝑎, 𝑏ℎ𝑖 )) of the subordination relationship (see (4)):

𝛾𝑖 (𝑏ℎ𝑖 , 𝑎)

=
{{{
{{{
{

𝐶(𝑏ℎ𝑖 , 𝑎) , If 𝑑𝑗 (𝑏ℎ𝑖 , 𝑎) < 𝐶 (𝑏ℎ𝑖 , 𝑎) ,

𝐶 (𝑏ℎ𝑖 , 𝑎)∏
1 − 𝑑𝑗 (𝑏ℎ𝑖 , 𝑎)
1 − 𝐶 (𝑏ℎ𝑖 , 𝑎)

, otherwise.

(4)

6.2.2. Set the Criteria Weights. The criteria weights were
defined according to the DM’s preferences, in this case, the
top level manager. To establish these weights, we used the
Simos method [35].

Initially, a set of cards containing the name of each
criterion (competence) was given to the DM. White cards
of the same size were also given out which had additional
information that described these competencies. Then the
DM had to classify these cards (or criteria) from the least

important to the most important. If certain criteria had the
same importance (i.e., same weight), he created a subset of
cards. Consequently, a complete preorder of all the 𝑛 criteria
was obtained, where 𝑛 is the number of categories for this
preorder (most of these categories being reduced to just one
card or a single criterion).The first category is named Rank 1,
the second one Rank 2, and so on.

In line with senior management’s preferences, the man-
agers’ most important competencies were defined in a rank-
ing order (see Table 2).

The weight ratio is given by (5), where “𝑇” is the total
number of cards, “𝑞” is a subset of themost important criteria,
and “𝑝” is the subset of less important criteria. In the present
study, 𝑇 = 18, 𝑞 = 1, and 𝑝 = 2. Thus, the value of 𝑧 is equal
to 12.

𝑧 =
(∑𝑞−1𝑖=0 (𝑇 − 𝑖)) 𝑝
(∑𝑝−1𝑖=0 (1 + 𝑖)) 𝑞

. (5)
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Table 3: Determining the normalized weights of each criterion for 𝑤 = 2 and 𝑧 = 12.

Rank Criteria Normalized weights 𝑘∗𝑖 Norm. w. 𝑘𝑖 Ratio 𝑑𝑖 Ratio 𝑑𝜄 Norm. w. 𝑘𝑖
1 𝑔1 0.982318271 0.98 0.007820000 0.002360000 0.98
1 𝑔2 0.982318271 0.98 0.007820000 0.002360000 0.98
2 𝑔10 2.062868369 2.06 0.003457143 0.001390476 2.06
3 𝑔15 4.223968566 4.22 0.001427907 0.000939535 4.22
3 𝑔9 4.223968566 4.22 0.001427907 0.000939535 4.22
4 𝑔14 5.304518664 5.30 0.001033333 0.000851852 5.30
4 𝑔16 5.304518664 5.30 0.001033333 0.000851852 5.30
5 𝑔3 6.385068762 6.38 0.000772308 0.000793846 6.39
5 𝑔12 6.385068762 6.38 0.000772308 0.000793846 6.39
5 𝑔13 6,385068762 6.38 0.000772308 0.000793846 6,39
6 𝑔8 8.546168959 8.54 0.000448276 0.000721839 8.55
6 𝑔4 8.546168959 8.54 0.000448276 0.000721839 8.55
6 𝑔7 8.546168959 8.54 0.000448276 0.000721839 8.55
7 𝑔6 9.626719057 9.62 0.000340816 0.000697959 9.63
8 𝑔11 10.707269155 10.70 0.000255046 0.000678899 10.71
9 𝑔5 11.787819253 10.78 0.000185000 0.000663333 11.79
Sum 16 100 99.92 100.01

Table 3 shows the normalizedweights of each criterion for
𝑤 = 2.

6.2.3. Set the Category Profiles. After creating the guide, it was
necessary to know what the most important competencies
would be for each class ofmanagers, since it would be difficult
for the same employee to be excellent in all competencies
at the same time. Next, the category limits were defined
by setting appropriate values for each criterion. The profile
of each category of managers was defined by applying the
questionnaire shown in theAppendix to the company’s senior
management for which the results are shown in Table 4.

6.2.4. Define the Alternatives. A subgroup of five engineers
was selected at random in the company. The performance of
the alternatives against the evaluation criteria was defined by
top management. Their answers to the questionnaire which
was used to evaluate the competencies that managers need
are shown in the Appendix. The questionnaire reveals what
the ability of each manager is in the various competencies
mentioned above. The responses are shown in Table 5.

6.3. Step 3: Evaluate the Results. In Step 3, the results of the
classification and validation are shown and discussedwith the
company after which they may be adjusted and then the final
results are presented.

6.3.1. Classify the Results. The company’s managers were
classified in accordance with predefined categories, based on
the core competencies obtained from applying the NeXClass
model, explained in Step 2. The classification is shown in
Table 6.

From Table 6, it can be seen that the 𝑎1, 𝑎2, and 𝑎5
alternatives of managers have higher values of 𝛾tot in class 𝐶4
referring to the quality manager. This fact occurs due to the
lower level of competencies that managers require to exercise

this position. Also it can be verified that the alternative of
manager 𝑎3 was more apt to act like a schedule manager and
that manager 𝑎4 was vetoed to exercise any function due to
the low level of his competencies.

6.3.2. Validate the Results. In order for each manager to
act in a particular class, Table 6 was adjusted so that the
manager of the 𝑎1 alternative was assigned to act as the
quality manager, since his level of competencies, according
to 𝛾tot, was a little lower than that of other managers and
thus wasmore appropriate for a position that requires a lower
level of competencies. Table 7 shows the new classification of
managers for each position.

6.3.3. Presentation of Results to the Company. The revised
results were presented to the company, based on which it
appears that managers represented by alternatives 𝑎1 and 𝑎2
have similar profiles to those required for the position of
quality manager.This can be explained by the range and level
of competencies needed for this job being lower than those
for more critical management jobs.

Manager 𝑎3 can assume the role of schedule manager,
while manager represented by alternative 𝑎5 can work as
a cost manager. None of the managers surveyed had the
competencies necessary to exercise the role of contract
manager (𝐶3) or of project manager (𝐶5). However, the
model can be used to find out what competencies managers
require for such positions which they do not currently
have.

Also, the manager of alternative 𝑎4 has an insufficient
level of competencies to assume the positions evaluated.
In this case, this manager needs to be trained, especially
in the following competencies: initiative (𝑔4); teamwork,
cooperation, and communication (𝑔5); and team leadership
(𝑔5).
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Table 4: Category profiles.

𝑔1 𝑔2 𝑔3 𝑔4 𝑔5 𝑔6 𝑔7 𝑔8 𝑔9 𝑔10 𝑔11 𝑔12 𝑔13 𝑔14 𝑔15 𝑔16
𝐶1 2 2 2 3 1 2 1 2 2 2 2 3 3 3 2 2
Indif 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pref 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Veto 3 3 3 4 3 3 3 3 3 3 3 4 4 4 3 3
𝐶2 1 1 1 3 3 3 1 2 2 2 2 3 3 3 2 2
Indif 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pref 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Veto 3 3 2 4 4 4 3 3 3 3 3 4 4 4 3 3
𝐶3 2 2 2 2 1 1 2 2 2 2 2 1 1 1 2 1
Indif 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pref 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Veto 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
𝐶4 3 3 2 3 3 3 1 2 1 3 3 3 3 3 2 3
Indif 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pref 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Veto 4 4 3 4 4 4 3 3 3 4 4 4 4 4 3 4
𝐶5 1 2 2 1 2 1 1 2 2 1 1 1 2 1 2 2
Indif 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pref 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Veto 3 3 3 4 3 3 4 3 3 4 3 3 3 3 3 3

Table 5: Performance of the alternatives after being evaluated by the criteria.

𝑔1 𝑔2 𝑔3 𝑔4 𝑔5 𝑔6 𝑔7 𝑔8 𝑔9 𝑔10 𝑔11 𝑔12 𝑔13 𝑔14 𝑔15 𝑔16
𝑎1 1 1 1 2 3 3 2 1 1 1 2 2 2 2 2 2
𝑎2 2 2 2 1 3 3 1 2 2 2 2 1 2 1 3 1
𝑎3 3 3 1 2 1 1 2 3 3 1 2 2 1 2 1 3
𝑎4 1 2 1 4 4 4 2 2 2 1 1 3 3 2 2 2
𝑎5 3 3 1 1 1 2 2 2 2 1 1 2 1 3 1 3

Table 6: Classification of the alternatives by category.

Alternatives Classes 𝛾tot
𝑎1 𝐶4 = quality manager 0.51
𝑎2 𝐶4 = quality manager 0.57
𝑎3 𝐶2 = schedule manager 0.57
𝑎4 Veto
𝑎5 𝐶4 = quality manager 0.62

7. Discussion

From the point of view of the company involved in the study,
the model proved that it could make a valuable contribution
especially with regard to identifying gaps in competencies
presented by the managers evaluated. The model’s benefit for
the company is that it orientates themost suitablemanager for
each of project roles. It also can be used to evaluate managers,
while a project is in progress by using the questionnaire
presented in the Appendix. However, one of the problems
cited by the company is the time spent in applying the model.
This fact can be explained because it was the first time the
company used the model; however, it is better to invest

Table 7: New classification of the managers for available positions.

Alternatives Classes 𝛾tot
𝑎1 𝐶4 = quality manager 0.51
𝑎2 𝐶4 = quality manager 0.57
𝑎3 𝐶2 = schedule manager 0.57
𝑎4 Veto
𝑎5 𝐶1 = cost manager 0.54

a certain amount of time with themodel before executing the
projects than to delay them or significantly underestimate the
costs with planned projects.

Regarding the theoretical contribution, the present study
covers five different categories of construction industry man-
agers: cost manager, schedule manager, contract manager,
quality manager, and project manager. The most important
competencies for each class of manager are also highlighted,
whereas previous studies such as Cheng et al. [16], Dainty et
al. [14], and Hanna et al. [3] focused only on the PM role in
order to distinguish exceptional PMs from average ones.

Cheng et al. [16] made this distinction by focusing on
the role of the job (job-task competencies associated with
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the project management function) and the characteristics of
the individual person (behavioral competencies linked to the
managers’ personal characteristics), while Hanna et al. [3]
used an additive model in their research to make the same
distinction. Dainty et al. [14] also used the same steps as set
out inCheng et al. [16] and only added the step of applying the
model to a range of human resource management functions.

Also focusing on construction projects but without
emphasizing the organizational level, Omar and Fayek [19]
introduced a data aggregation method to measure qualita-
tive competencies and performance indicators. The authors
emphasize the importance of future research tackling how
to develop a more advanced application of the aggregation
method so that it can combine both qualitative and quantita-
tive criteria.

Using additive aggregation models, Omar and Fayek [19]
andHanna et al. [3] consider that a PM’s particular deficiency
in a competence area could be compensated by anotherwhere
this same PM has greater success. On the other hand, the
advantage of using a noncompensatory model in this current
study, where a better performance in one criterion may not
compensate for a poor performance in another criterion,
was that a manager’s lack of one or more competencies may
not be compensated by excellence in another competence.
That is in line with the realities of project management,
whereby a specific competence can rarely be replaced by
another.

8. Conclusion

The model provides benefits for the construction industry,
where there are many managers working together simulta-
neously for a company in the same project or acting at the
same time on different projects. In that case, no manager
is considered more important than any other. However, the
range and level of competencies that they should have depend
on the job assigned to them and that inevitably means the
competencies they currently need to exercise will be different
from each other.

This study also found that, in some companies, managers
had deficient or faulty competencies. In this case, this study
contributes by guiding top management on what core com-
petencies a manager should have in order to be hired for a
given position. Similarly, the model also sheds light on what
kind of training needs to be developed for managers before
they are appointed to such positions.

The article adds depth to the body of knowledge of
classification models of unordered categories and applies
the NeXClass model in the construction industry to clas-
sify managers into different categories according to their
competencies. It also features a wider study of various
types of competencies required in this industry and how to
measure them. The questionnaire to evaluate managers can
also be used as a tool for developing competencies that are
necessary for each position held.Therefore, the article makes
a significant contribution in the theoretical and practical
sense.

Thus, the articlemakes a practical contribution to helping
to develop construction managers professionally in the sense

that it allocates a given position to the manager who is the
most apt to occupy it. If a manager is weak in some com-
petencies, the model, as it identifies these weaknesses, also
offers the possibility of the company training the manager
in whatever competencies are needed to act in a certain
role. It is worth noting that the application is valid for
assessing functions other than those needed in the company
studied, in addition to the fact that the model can also be
used to assess competencies that may vary from project to
project.

However, the study could not measure competencies
throughout the life of a project or several projects at the same
time in order to determine if managers were successful in
their jobs and to determine themain problems anddifficulties
that they encountered.

Therefore, further studies must be conducted to deepen
how to identify the competencies that constructionmanagers
need, keeping in mind the fact that new classes of managers
may be required for different projects. Additionally, further
research also needs to monitor managers’ behavior in these
competencies over the course of several projects, especially
for long-term projects, where more uncertainty will arise
during its execution (with deadlines equal to or greater than
two years).

Finally, the NeXClass model adequately classified man-
agers in different positions according to their competencies
and it can also be applied in other construction companies
that have different PM positions and for which different
competencies are needed.

Appendix

The questionnaire for assessing managers’ competencies is
given as follows (source: adapted from Ofori (2014) and
Roquette and Murici (2007)).

Conceptual Thinking (𝑔1)
Themanager:

(1) Updates and revises the project plan as needed.
(2) Plans, performs, and rapidly reaches major

milestones or gates.
(3) Performs end-of-phase closure, reviews results,

and updates the project documents.
(4) At project closure, evaluates and records project

plan vs. actual metrics.
(5) Performs project closure, and this includes

evaluating if objectives were met and lessons
learned.

(6) Performs contract close-out and evaluation.

Evaluation: VC = the manager often performs all items; C =
the manager performs 5 of the 6 items; SC = the manager
performs 4 of the 6 items; U = the manager performs 2 or 3
of the items; NC = the manager performs, at most, 1 of the 6
items. VC = very competent; C = competent; SC = somewhat
competent; U = uncertain; and NC = not competent.



12 Mathematical Problems in Engineering

Analytical Thinking (𝑔2)
Themanager:

(1) Develops effective, clear, and measurable objec-
tives.

(2) Identifies project stakeholders and maintains
communication with them throughout the
project.

(3) Assures a meaningful project charter that in-
cludes a vision of the needs of the business,
the preliminary scope or a description of the
product.

(4) Prioritizes the portfolio of projects based on
the business case for each one, linkages to the
company’s strategy, and other factors.

(5) Ensures that the project has an unambiguous
statement of scope, statement of work, or clear
requirements, as appropriate.

Evaluation: VC = the manager often performs all items; C
= the manager performs at least 4 of the 5 items; SC = the
manager performs 3 of the 5 items; U = themanager performs
2 of the 5 items; NC = themanager performs, at most, 1 of the
5 items.

Initiative (𝑔3)
Themanager:

(1) Has a positive attitude in different situations e.g.
knows how and when to surprise, thrill staff
which they will transmit to other employees.

(2) Anticipates facts, by carrying out activities
before being asked or forced to by circum-
stances.

(3) Knows when to withdraw from a business in
decline at the right time, thereby preserving
gains or reducing losses.

(4) Is connected with the world and always recep-
tive to information; uses certain situations to
meet new demands or niches quickly, thus
exploiting opportunities.

(5) As a pioneer, gets concrete and significant
results before others.

Evaluation: VC = the manager often performs all items; C
= the manager performs at least 4 of the 5 items; SC = the
manager performs 3 of the 5 items;U= themanager performs
2 of the 5 items; NC = themanager performs, at most, 1 of the
5 items.

Impact, Influence and Negotiation (𝑔4)
Themanager:

(1) Is able to engage in a discussion and achieve the
company’s interests by influencing the decisions
of others.

(2) Has the power to persuade, convince, influ-
ence or impress others, in order to support his
agenda.

(3) Has effective communication skills, and knows
when the right time to talk is and when to listen.

(4) Is able to focus on ideas, and does not let negoti-
ations be influenced by personal aspects; meets
the real needs and expectations.

(5) Knows how to discuss proposals, by focusing
on relevant aspects, without being held up by
sporadic situations.

(6) Provides alternatives to the other party.
(7) Is objective when addressing the problems to

find the most appropriate solution.
(8) Makes concrete proposals to avoid doubts and

misunderstandings.

Evaluation: VC = the manager often performs all items; C
= the manager performs at least 7 of the 8 items; SC = the
manager performs 5 or 6 of the 8 items; U = the manager
performs 3 or 4 of the 8 items; NC = the manager performs
two or fewer items.

Directivity/Assertiveness (𝑔5)
Themanager:

(1) Has presence/authority, likes to be in control, is
the leading spirit.

(2) Ensures that subordinates meet his wants.
(3) Communicates clearly and objectively, speaking

and acting honestly without fear or inhibition.
(4) Stands decisively and convincinglywithout harm-

ing relationships, focusing on factual actions
and not on agents.

(5) responds to situations positively or negatively
as a result of a thorough, unbiased and well-
founded analysis of the facts.

Evaluation: VC = the manager often performs all items; C
= the manager performs at least 4 of the 5 items; SC = the
manager performs 3 of the 5 items;U= themanager performs
2 of the 5 items; NC = themanager performs, at most, 1 of the
5 items.

Teamwork, Cooperation and Communication (𝑔6)
Themanager:

(1) Demonstrates effective listening.
(2) Clearly communicates, using effective writing

skills and assuring that communications look
professional.

(3) Manages meetings effectively, including elimi-
nating unneeded ones.

(4) Effectively facilitates multidisciplinary groups.
(5) Empowers the project team by removing barri-

ers of communication.
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(6) Shares management responsibilities with the
team.

(7) Holds informative, constructive, efficientlyman-
aged status review meetings.

(8) Analyzes status information to perform
progress and status reporting.

(9) Keeps executive management apprised of
project status (avoids surprises).

(10) Maintains a stakeholder information retrieval
and distribution process.

(11) Manages effective communication for both sin-
gle-site collocation and distributed teams.

Evaluation: VC = the manager often performs at least 10 of
the 11 items; C = the manager executes 7 to 9 of the 11 items;
SC = performs the manager 4 to 6 of the 11 items; U = the
manager performs 3 of 11 items; NC = the manager performs
two or fewer items.

Team Leadership (𝑔7)

Themanager:

(1) Organizes the project team appropriately for the
project’s size.

(2) Initiates a project with a skilled projectmanager,
the right team members, and access to the right
subject area experts.

(3) Allocates staff according to portfolio priorities,
applying resources with the needed skills and
experience.

(4) Builds teams that perceive themselves as teams
that strive to perform to their maximum poten-
tial.

(5) Builds strong teams that demonstrate the appro-
priate mix of team and task orientation.

(6) Assesses skill-level impacts on delegated work
and arranges for mentoring or coaching.

(7) Provides adequate information while delegating
assignments to team members.

(8) Delegates or refers decisions up when appropri-
ate.

(9) Manages expectations of stakeholders, sponsor,
and executive management.

(10) Demonstrates the flexibility to work with others
who have different personal styles.

(11) Provides a project environment of motivation
and appropriate rewards.

Evaluation:VC= themanager oftenperforms at least 10 of the
11 items; C = the manager performs 7 to 9 of the 11 items; SC
= themanager performs 6 to 2of the 11 items;U= themanager
performs 3 to 5 items of 11; NC = the manager performs two
or fewer items.

Information Search (𝑔8)
Themanager:

(1) Keeps himself informed and updated on the
group processes, always seeking all relevant and
useful information.

(2) Searches information for consistent decision-
making, and knows how to process it in the form
of knowledge.

(3) Performsmarket research, and pays attention to
the news and consumer attraction factors.

(4) Evaluates competitors, knows their business
strategies and their service policies.

Evaluation: VC = the manager often performs 4 items; C =
the manager performs 3 of the 4 items; SC = the manager
performs 2 of the 4 items; U = the manager performs one of
the four items; NC = the manager does not perform any of
the items.

Self Control (𝑔9)
Themanager:

(1) Copes well with pressure and stress, remains
calm and in control.

Evaluation: VC = the manager is very competent in the
execution of item 1; C = the manager is competent; SC = the
manager is somewhat competent; U = there is uncertainty
of the manager’s competence; NC = the manager is not
competent.

Flexibility and Adaptation (𝑔10)
Themanager:

(1) Adapts quickly to change, and responds flexibly
to people/situations.

Evaluation: VC = the manager is very competent in the
execution of item 1; C = the manager is competent; SC = the
manager is somewhat competent; U = there is uncertainty
of the manager’s competence; NC = the manager is not
competent.

Technical Knowledge (𝑔11)
Themanager:

(1) Has a clear conception of the interaction be-
tween the technical subsystem and other project
elements to ensure that the project system is
effectively integrated.

(2) Resolves technical problems quickly during
implementation without this leading to over-
running the schedule and/or budget.

(3) Benefits from keeping him/herself continuously
up-to-date in the knowledge and information
necessary to carry out the work.
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(4) Solves questions with technical rigor and per-
forms work at the standard of excellence (high
quality, effective and efficient).

(5) Is highly knowledgeable about, manages and
monitors the process as awhole at the institution
and the unit, and focuses on desired results.

(6) Manages the organization, optimization and
qualification of work processes.

Evaluation: VC = the manager often performs all items; C =
the manager performs 5 of the 6 items; SC = the manager
performs 4 of the 6 items; U = the manager performs 2 or
3 items; NC = the manager performs, at most, 1 of 6 items.

Success Orientation (𝑔12)
Themanager:

(1) Is willing to make commitments and keeps
them.

(2) Follows up to ensure decisionwas implemented.
(3) Tracks performancemeasurement criteria while

working with contractors and outsourced ser-
vices.

(4) Performs defect tracking, and compares
progress against defect discovery rate metrics.

(5) Establishes and consistently applies a control
process of useful, responsive change

(6) Plans, participates, and follows up on inspec-
tions and quality reviews.

(7) Documents and distributes plans for the phase
and the project.

Evaluation: VC = the manager performs at least 6 of the 7
items; C = the manager performs 5 of the 7 items; SC = the
manager performs 4 of the 7 items;U= themanager performs
2 or 3 items; NC = the manager performs, at most, 1 of the 7
items.

Focus on Customer Needs (𝑔13)
TheManager:

(1) Applies customer concepts, while focusing on
quality and service.

Evaluation: VC = the manager is very competent in the
execution of item 1; C = the manager is competent; SC = the
manager is somewhat competent; U = there is uncertainty
of the manager’s competence; NC = the manager is not
competent.

Risk Taking (𝑔14)
TheManager:

(1) Quantifies the likelihood and impact of risks.
(2) Facilitates the team and stakeholders in identi-

fying risks and opportunities.

(3) Applies a consistent, repeatable project planning
method that is appropriate for the size and type
of project.

(4) Evaluates risk responses to assure they are
appropriate and effective.

(5) Engages stakeholders in identifying phase risks
and planning risk responses.

(6) Identifies and reports issues and tracks resolu-
tion of open issues.

Evaluation: VC = the manager often performs all items; C =
the manager performs 5 of the 6 items; SC = the manager
performs 4 of the 6 items; U = the manager performs 2 or
the 3 items; NC = the manager performs at most 1 of the 6
items.

Creativity and Innovation (𝑔15)
Themanager:

(1) Starts changes, produces ideas and creative solu-
tions.

(2) Manages the creation of audacious solutions
and brings about innovations in the institutional
context.

(3) Disseminates necessary knowledge and infor-
mation for innovation in work situations.

(4) Promotes an innovation culture, breaks para-
digms and contributes to the team by introduc-
ing new processes, solutions, projects and work
dynamics.

Evaluation: VC = the manager often performs 4 items; C =
the manager performs 3 of the 4 items; SC = the manager
performs 2 of the 4 items; U = the manager performs one of
the four items; NC = the manager does not perform any of
the items.

Decision Making (𝑔16)
Themanager:

(1) Makes decisions fast, displays confidence, and
acts alone when necessary.

(2) Points out alternative solutions to the problem
or situation, by analyzing its implications (risks
and opportunities in relation to the goal or
expected result).

(3) Has the discretion to choose the most suitable
alternative for the context and/or situation.

(4) Implements the chosen alternative, monitors
and evaluates if result(s) of decisions were
reached.

Evaluation: VC = the manager often performs 4 items; C =
the manager performs 3 of the 4 items; SC = the manager
performs 2 of the 4 items; U = the manager performs one of
the four items; NC = the manager does not perform any of
the items.
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