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Abstract: The construction industry has been experienc-
ing high waves of revolutionised innovative technolo-
gies globally. These resulted from the highly innovative
demands of the 4th industrial revolution (IR), which does
not exclude the construction industry. These technologies
do not rely on traditional design and build principles, and
they require sophisticated skills and competencies. Cur-
rently, the construction industry is still struggling to find
professionals with innovative competencies and the skills
needed to manage the building lifecycle process. These
have been a major concern in developing countries’ con-
struction industry sector. Employers in the construction
industry are now looking for construction management
graduates (CMG) who are academically qualified and
also possess considerable construction-related innova-
tive skills and competencies in related technological soft-
ware or tools. This study investigates the expected core
skills and competence required by CMG. The methodol-
ogy entails a well-structured systematic literature review,
wherein 13 expected core competencies and 27 expected
core skills were identified. Based on these, primary data
were elicited through an online Google Forms survey
distributed to professionals in the Nigerian construction
industry. A total of 330 valid responses were obtained.
Relative Important Index (RII) and principal component
analysis (PCA) were carried out and presented. The result
reveals the industry’s expectations and provides guidance
to CMG seeking employment in the construction industry.
Understanding the industry expectations and possessing
the required core competencies will enable the CMG to
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remain relevant in the dynamic built environments. This
study contributes to building information modelling (BIM)
knowledge and the current innovative competencies and
skills required in the built environment.

Keywords: BIM, competency, challenges, skills, manage-
ment, employment drive, Nigeria, students

1 Introduction

In this study context, ‘construction management
graduates’ are also called ‘building graduates’.
Construction management (CMt) is the discipline that
entails managing a construction project or projects as
effectively as possible (Arditi and Alavipour 2019). Con-
struction Manager (CM) duties entail and are not limited to
making the best use of available finances; efficient project
scheduling; controlling the scope of work; avoiding delays,
revisions and conflicts; improving project design and
construction quality; and contracting and procurement
flexibility (Arditi et al. 2009). The revolution in the con-
struction industry has resulted in a tremendous amount
of skill being demanded of the construction management
graduate (CMG). Moreover, the need for construction man-
agers arose centuries ago — in fact, such a need has proba-
bly been prevailing ever since the time when humans first
created shelters to protect themselves from threats such
as weather and animals. Since then, construction process
management has been of such a vital importance that it
cannot be neglected, regardless of how rudimentary or
modest the structures requiring to be constructed might
be. We have arrived in the 21st century (4th industrial rev-
olution [IR]) because of this progress.

Besides, Yogeshwaran et al. (2018) and Yap et al.
(2021) noted the need to evaluate the expected skills
and competencies of quantity surveyors (QS). Similar
research (Wang and Cheng 2022) was reported in China,
and Abdullah et al. (2017) researched in Australia,
focusing on construction managers. However, all indi-
cation shows that the current IR entails incorporating
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information technology (Toyin and Mewomo 2023) in
the management of construction activities. Thus, this
has left the construction industry with no option but to
adopt such innovative technology that is capable of man-
aging information throughout the lifecycle of the con-
struction process. Building information modelling (BIM)
technology has been seen, tested and proven as an inno-
vative technology that can function perfectly well in the
construction industry (Dossick et al. 2014; Kolari¢ et al.
2018; Toyin and Mewomo 2021). Notwithstanding, several
researchers highlighted the ‘need for BIM skills’ (Hodorog
et al. 2019) in the built environment. For example, Mohd
and Latiffi (2013), Wang et al. (2020), Hodorog et al. (2019)
and Toyin and Mewomo (2023) stated that using a BIM
workforce aids in cost savings and enhanced time man-
agement through clash detection.

Innovation in construction is defined as changes that
lead to an improved input-output relationship for prod-
ucts and processes, as well as changes within the techni-
cal, management or legal organisation of a project that can
be monetised (Brockmann et al. 2016). Thus, the construc-
tion industry is still faced with the challenges of getting
innovatively skilled professionals with the required com-
petencies to manage the construction lifecycle process.
These have remained difficult to find. The construction
managers (CM) are under tremendous pressure as most
struggle to align themselves with the evolving innovative
technology in the construction industry (Demirdoven and
Arditi 2014a). Based on their good degree of familiarity
with this emerging technology, a few fresh CMG could
secure employment offers in reputable construction com-
panies; in contrast, some old construction managers are
being retrenched (Torres-Machi et al. 2013; Abdullah et
al. 2017) since they cannot meet the evolving innovative
technology trends in the construction industry. Such inno-
vative trends in construction include but are not limited
to BIM, robotics, digital twin technology, artificial intel-
ligence (AI), augment reality (AR), the use of drone, etc.
(Brockmann et al. 2016; Hodorog et al. 2019; Toyin and
Mewomo 2022; Wang and Cheng 2022).

Therefore, construction industry employers now seek
to employ CMG who are academically sound as well as
possess necessary construction-related innovative skills
and competencies in related technological software or
tools, such as ‘BIM’, Microsoft Project (MSP), etc., that
can be used to manage the project throughout its lifecycle.
Although very few studies focus on this area, none have
tried to conduct such related research in Nigeria. There-
fore, this study investigates the expected core skills and
competence required of CMG in the Nigerian construction
industry. The specific objectives are to: (a) ‘identify and
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appraise the critical competencies needed to keep pace
within the revolving industry’; and (b) ‘examine the core
innovative skills expected of CMG’.

2 Theoretical background

CM is both a demanding and challenging profession. The
responsibilities of a construction manager include the fol-
lowing, as documented in the literature (Baharudin 2006;
Arditi et al. 2009; Yaman et al. 2015; Maina 2018):

e Supervise and direct construction projects from start
to finish

e Review the project in-depth to schedule deliverables
and estimate costs

e Coordinate and direct construction workers and
subcontractors

e Select tools, materials and equipment and track
inventory

e Prepare internal and external reports about job status

e Negotiate terms of agreements, draft contracts and
obtain permits and licences

e Ensure quality construction standards and the use of
proper construction techniques

As a result of these responsibilities, being relentless and
prudent in achieving goals is a key attribute of a con-
struction manager; as such, they need to be informed of
everything that happens during the project. Thus, deter-
mining the precise truth is also necessary for them to work
successfully (Pellisé Tintoré 2014).

2.1 Expected critical competencies of CMG

Competency is defined by GWA (2022) as the combination
of behavioural qualities, skills, abilities and knowledge
required to generate adequate results on the job. Buvik
and Rolfsen (2015) see competence as ‘the abilities, skills,
and capabilities that a person has in a particular domain’.
Yap et al. (2021) agreed with Wao and Flood (2016), who
refer to competency as the major criterion utilised to
improve the performance of professionals in their differ-
ent occupational sectors.

Based on the preceding definition, competence may
be understood as the capacity to use a specific charac-
teristic of knowledge, skills, talent or personal qualities
to accomplish/deliver critical activities or tasks effec-
tively. Turner (2017), Arditi et al. (2013) and Miihlbacher
et al. (2013) see leadership characteristics, technical
knowledge, behaviours and competence in strategic and
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corporate management as part of the critical skill sets for
good project managers. Torres-Machi et al. (2013) con-
ducted a study focussing on CMG in Spain; their opinion
was sought to understand why the unemployment rate
among young graduate of CMt professionals is very high.
The main reasons given were lack of adequate communi-
cation (due to the mixed nature of professionals in their
industry), inadequate university program design (lack
of BIM knowledge), lack of eagerness to work, a refusal
to relocate, inadequate master’s degree to meet market
demands, an economic crisis and too many universities
offering similar graduate degrees.

The study by Wang and Cheng (2022) in China
identified 40 general competencies expected of CMG.
The author’s findings reflected that the current academic
curriculum of tertiary institutions in China could not cater
for the construction industry’s expectations. Moreover,
it tends to be too theoretical and lacks practicality. The
industry expected the graduates to be able to ‘write a
comprehensive technical report, to analyse the technical
issues and to provide ongoing feedback to the teams’.
Vaz-Serra and Mitcheltree (2021) conducted research in
Australia; the aim was to understand the competencies
expected of project management graduates as required
by the industry. Their study reveals that more signif-
icance is laid on interpersonal skills, competencies
within core technical knowledge, sustainability and life
cycle analysis, and knowledge of environmental waste
management systems. The study of Mitcheltree et al.
(2019) concluded that good communication; commitment
to personal development; emotional intelligence; resil-
ience and persistence; and commitment to professional
development are the top five traits the construction indus-
try looks out for when recruiting graduates. Table 1 shows
the competencies gathered from various published arti-
cles on construction managers. The variables documented
in this table was used to elicit respondent opinion towards
the study objective on expected competency.

2.2 Expected core innovative skill

The CMG must possess special skills that allow them to
face complex constructability difficulties, as well as the
ability to visualise a finished product in an empty three-
dimensional (3D) space (Martin-Gutierrez et al. 2012;
Ahmed et al. 2014; McCuen 2015; Kim and Irizarry 2021).
Ahmed et al. (2014) submit that the CMG that possess
these skills are likely to meet up with the innovative evolv-
ing needs of the industry when they join the workforce.
However, Williamson and Andrew (2018) point out ‘spatial
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skill’ as one of the terms used to describe core skills con-
struction practitioners use to make informed decisions.
These assist them in transforming abstract images into the
finished creation. Dennis and Tapsfield (2013) state that
spatial ability is ‘the ability to generate, retain, retrieve,
and transform well-structured visual images’.

As discussed in the introduction section, construction
managers require basic skills in innovative technology.
BIM is one of these revolutionised technologies evolving
in the construction industry. Nevertheless, individual
BIM core skills are the personal -characteristics,
technical talents and professional expertise required to
perform a BIM activity or deliver a BIM-related output.
These capabilities, achievements or actions should be
quantifiable in performance standards and might be
obtained or improved through education, development
and training (Succar et al. 2013; Plawgo and Ertman 2021).
According to Hodorog et al. (2019), traditional analytic
approaches cannot capture the dynamic process of BIM.
The expanding required number of new roles, such as
BIM manager, BIM director and BIM technician, demon-
strates the growing demand for BIM experts (Yalcinkaya
2013). Construction managers are more likely to pick up
the role of BIM managers. BIM managers act as intermedi-
aries between other construction professionals, working
with architects, designers, engineers and clients to gather
specifications and overseeing the creation of detailed
structural plans (Construction 2021). Looking at the role of
a construction manager on a project, it is immediately per-
ceptible that they are expected to deal with the manage-
ment of the entire resources on a construction project, and
they act as an intermediary among all construction teams.
Thus, they are close to being the BIM manager. They only
need to obtain little knowledge in the coordination of BIM.
However, according to Rahman et al. (2016), construction
managers and BIM managers require distinct skill sets.
Various scholars also emphasise the importance of skills
such as collaboration and effective communication in the
curricula. According to Dossick et al. (2014), a BIM syllabus
should include an understanding of computer application
principles and BIM procedures. Individual qualities such
as aptitude, credentials, skills/abilities, knowledge and
attitude are examined by Barison and Santos (2011). They
note the professional necessity for the role in both funda-
mental and functional aspects. Rahman and Ayer (2017)
assessed the capabilities of BIM in an organisation; the
authors highlighted the following skills as required from
construction managers: information and communication
technology (ICT) skills, teamwork, a basic understanding
of the BIM process, and analytical and problem-solving
skills.
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Tab. 1: Critical competencies expected of CMG

S/N Coding Expected competency References
1. mc1 Team leadership and management Love et al. 2001; Dainty et al. 2004; Male et al. 2010;
Affandi et al. 2013; Benhart and Shaurette 2013; Jabar
etal. 2013; Mihlbacher et al. 2013; Abdullah et al.
2017; Mitcheltree et al. 2019; Wang and Cheng 2022
2. CMC2 Knowledge of the biding and tendering process Benhart and Shaurette 2013; Wang and Cheng 2022
3. cmMC3 Risk management Abdullah et al. 2017; Wang and Cheng 2022
4. CMC4 Pre-contract planning and programming Affandi et al. 2013; Wang and Cheng 2022
5. CMC5 Honesty and integrity Love et al. 2001; Dainty et al. 2004; Benhart and
Shaurette 2013; Jabar et al. 2013; Pellisé Tintoré 2014;
Mitcheltree et al. 2019
6. CMmCé Site survey and analysis of construction site Love et al. 2001; Jabar et al. 2013; Abdullah et al. 2017;
Wang and Cheng 2022
7. cMmCc7 Analysing design solutions Affandi et al. 2013; Benhart and Shaurette 2013; Jabar
etal. 2013; Wang and Cheng 2022
8. CMC8 Basic knowledge of procurement Affandi et al. 2013, Benhart and Shaurette 2013; Jabar
etal. 2013; Wang and Cheng 2022
9. cmeo Client care Dainty et al. 2004; Affandi et al. 2013; Jabar et al. 2013;
Abdullah et al. 2017; Wang and Cheng 2022
10. cmc10 Basic knowledge of various forms of building and Jabar et al. 2013; Abdullah et al. 2017; Wang and Cheng
construction contracts 2022
11. mc11 Conflict avoidance and management or interpersonal  Affandi et al. 2013; Jabar et al. 2013; Abdullah et al.
understanding 2017; Vaz-Serra and Mitcheltree 2021
12. CcMmC12 Ability to set up an expediting log and procurement,  Benhart and Shaurette 2013; Vaz-Serra and Mitcheltree
submittal of log 2021
13. CMC13 Basic knowledge of health and safety in construction Love et al. 2001; Affandi et al. 2013; Benhart and Shau-
practice rette 2013; Abdullah et al. 2017
14. CMC14 Basic understanding of construction drawing Male et al. 2010; Benhart and Shaurette 2013; Plawgo
interpretation and Ertman 2021
15. CMC15 Contract administering and managing subcontracts Affandi et al. 2013; Abdullah et al. 2017; Mitcheltree
etal. 2019
16. CMC16 Competency in the reviewing and selection of Benhart and Shaurette 2013; Jabar et al. 2013; Vaz-Serra
qualified subcontractors and Mitcheltree 2021
17. cmc17 Tool and machine maintenance and quality Male et al. 2010; Affandi et al. 2013; Benhart and
management competency Shaurette 2013; Abdullah et al. 2017
18. cmc18 Labour and resource management Affandi et al. 2013; Benhart and Shaurette 2013; Jabar
etal. 2013; Abdullah et al. 2017
19. cMC19 Ability to manage project variations, cash flow Jabar et al. 2013; Mitcheltree et al. 2019; Wang and
forecasting and monitoring Cheng 2022
20. CMC20 Knowledge and understanding of project Love et al. 2001; Male et al. 2010; Benhart and Shaurette
specifications 2013; Vaz-Serra and Mitcheltree 2021
21. cMC21 Ability to prepare the schedule of work and project Affandi et al. 2013; Benhart and Shaurette 2013; Wang
progress and technical report and Cheng 2022
22. cmC22 Basic understanding of construction code and Benhart and Shaurette 2013; Jabar et al. 2013; Abdullah
regulation etal. 2017; Vaz-Serra and Mitcheltree 2021
23. cMmC23 Understand and apply construction-related software  Love et al. 2001; Abdullah et al. 2017; Mitcheltree et al.
knowledge 2019
24, CMC24 Knowledge of sustainability in construction Affandi et al. 2013; Jabar et al. 2013; Vaz-Serra and
Mitcheltree 2021
25. CMC25 Knowledge of project brief preparation Jabar et al. 2013; Abdullah et al. 2017

(Continued)
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Tab. 1: Continued.
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S/N Coding Expected competency References

26. CMC26 Computer skills — Excel, MS Office, Adobe, Love et al. 2001; Male et al. 2010; Benhart and Shaurette
Internet-based, etc. 2013; Plawgo and Ertman 2021

27. cmc2az Good communication Miihlbacher et al. 2013; Rahman and Ayer 2017; Kolarié

etal. 2018; Hodorog et al. 2019; Mitcheltree et al. 2019;
Plawgo and Ertman 2021; Vaz-Serra and Mitcheltree
2021; Wang and Cheng 2022

CMC, construction management competencies; CMG, construction management graduates.

In addition, feedback and critical thinking are
also essential skills set for a CMG. Nevertheless, an
intelligent construction manager may have sufficient
industry experience, but it does not mean they no longer
need feedback. Experienced field workers see prob-
lems that even the smartest construction managers may
overlook (Turner 2017). Thus, a construction manager
should be open to feedback from clients, supervisors
and professional peers (Benhart and Shaurette 2013;
Mitcheltree et al. 2019). Furthermore, because the work
comprises significant obligations, being a construc-
tion manager necessitates a wide range of skills and
characteristics. As construction projects get larger and
more sophisticated, it is up to the employer to hunt for
qualified candidates who are willing to be trained to
acquire these skills. Table 2 shows the identified core
innovative skills gathered from published articles on con-
struction managers. The variables documented in this
table were used to elicit respondents’ opinion towards the
study objective on innovative core skill.

3 Methodology

This study uses two distinct ways to source data. Firstly,
secondary data were sourced from previously published
literature. An extant review of the literature was con-
ducted. The hypothesis that, in any study context, con-
ducting a literature review would be an ideal means for
obtaining a suitable contextual backdrop against which
the present study’s findings might be evaluated, has been
scientifically proven. Such a practice sheds more light on
what has been done and is yet to be done and research
trends for decades. Therefore, this study systematically
reviews published articles sourced from the Scopus and
Web of Science (WoS) databases. These databases were
selected because they are two of the most credible and
largest scientific databases; they ensure a high degree of
quality control and encompass a broader range of research
disciplines (Ullah et al. 2019; Toyin and Mewomo 2021).

Lastly, the extant review yielded 27 competencies and 13
core skills. These can be seen in Tables 1 and 2. Thus, the
identified variables are based mainly on competencies
and skills that have received significant consideration
in similar studies previously documented by scholars.
Employing well-known variables for a research study is
preferable since this allows respondents to react quickly.
A questionnaire survey was constructed grounded on the
identified 27 and 13 variables found during the extant
literature review, and the snowball sample techniques
method was used to locate respondents. As a result,
the study presented in this article is quantitative. The
questionnaire survey consists of two major processes to
examine the questionnaire’s relevance and reliability.
Firstly, the questionnaire was reviewed by five construc-
tion-related personnel. This comprises of two real estate
human resource managers, two contractors with over 10
years of practising experience and one registered gradu-
ate member of the Nigerian Institute of Building (NIOB),
confirming that unclear expressions were not contained
in the survey. Suitable technical terms were used, and the
questionnaire covered the expected competencies and
skills required of CMG. Secondly, before the questionnaire
was widely distributed, a pilot study with 20 respondents
was done to examine its comprehensibility and design.
The expected BIM competencies and skills were meas-
ured on a 5-point Likert scale from 1 (‘not significant’) to 5
(‘strongly significant’).

One reliable method to validate quantitative
questionnaire reliability is the use of Cronbach’s a technics
(Vaz-Serra and Mitcheltree 2021; Toyin and Mewomo 2022).
These technics are used to determine the average relation-
ship or internal regularity amongst factors/variables in a
questionnaire. The Cronbach’s a result will determine if
the instrument used in collecting data is reliable and if
the collected data can be suitable for further descriptive
and inferential analysis. A Cronbach’s a of 0.7 or above is
deemed suitable for conducting inferential statistical anal-
ysis (Yap et al. 2021). The 20 pilot test respondents were
excluded from the primary data before continuing with
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Tab. 2: Core innovative skill
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S/N  Coding Expected skills References

1. CMES1 Critical thinking and openness to feedback Yogeshwaran et al. 2018; Hodorog et al. 2019;
Mitcheltree et al. 2019; Wang and Cheng 2022

2. CMES2 Technical problem-solving and analytical skills Ku and Taiebat 2011; Rahman and Ayer 2017; Uhm et al.
2017; Yakami et al. 2017; Hodorog et al. 2019

3. CMES3 Basic modelling specification, validation, access Ku and Taiebat 2011; Bozoglu 2016; Uhm et al. 2017;

management and control Kolari¢ et al. 2018; Hodorog et al. 2019; Wang et al.

2020

4. CMES4 ICT skill Ku and Taiebat 2011; Demirdoven and Arditi 2014b;
Uhm et al. 2017; Yakami et al. 2017; Hodorog et al.
2019; Wang et al. 2020; Plawgo and Ertman 2021

5. CMES5 Teamwork skill Raiola 2016; Rahman and Ayer 2017; Uhm et al. 2017;
Yakami et al. 2017; Hodorog et al. 2019

6. CMES6 Basic understanding of the BIM process Barison and Santos 2010; Ku and Taiebat 2011; Bozoglu
2016; Raiola 2016; Rahman and Ayer 2017; Uhm et al.
2017; Yakami et al. 2017; Wang et al. 2020

7. CMES7 Knowledge over the construction process Bozoglu 2016; Raiola 2016; Uhm et al. 2017;
Mitcheltree et al. 2019; Vaz-Serra and Mitcheltree 2021

8. CMES8 Design coordination Bozoglu 2016; Raiola 2016; Uhm et al. 2017; Yakami
etal. 2017

9. CMES9 Ability to coordinate BIM Ku and Taiebat 2011; Demirdoven and Arditi 2014b;
Bozoglu 2016; Uhm et al. 2017; Kolari¢ et al. 2018;
Wang et al. 2020

10. CMES10 Passion for learning new software Demirdoven and Arditi 2014b; Bozoglu 2016; Yakami
etal. 2017; Wang et al. 2020

11. CMES11 Experience in the use of VDC/big room method Yakami et al. 2017; Mitcheltree et al. 2019; Vaz-Serra
and Mitcheltree 2021

12. CMES12 Quality and document management Yakami et al. 2017; Mitcheltree et al. 2019; Vaz-Serra
and Mitcheltree 2021

13. CMES13 Technical decision-making Miihlbacher et al. 2013; Bozoglu 2016; Yakami et al.

2017; Kolari¢ et al. 2018

BIM, building information modelling; CMES, construction management expected skills; ICT, information and communication technology;

VDC, virtual design and construction.

further analysis. Thus, 330 valid responses were employed
for the analyses. Principal component analysis (PCA) and
Relative Important Index (RII) were used to analyse the
findings of the survey data. Subsequently, the conclusions
were comprehensively discussed, and conclusive closing
remarks were drawn. Firstly, the survey results were tested
using the Cronbach’s a reliability analysis test. This was
used to validate the respondents’ opinion on the 5-point
Likert scale used in terms of its applicability and suitabil-
ity for this study context, a process adopted in the study
of Isa et al. (2020). Table 3 sets out the minimum criteria
guide used in this study for the conduction of PCA. These
have also been adopted in multiple studies in the litera-
ture (Joseph et al. 2010; Nilashi et al. 2015; Kapsoulis et al.
2018; Isa et al. 2020).

Tab. 3: Criteria guide for EFA

S. No. Criteria Parameter

1. Factor loading value >0.35

2 Eigen factor value >1

3. KMO test 0.5

4 Correlation matrix of variables ~ >0.05

5 Test of sphericity anti-image <0.05

6 Percentage of variance >50%

7 Variable communality value Variable communality
20.05 value 20.05

8. Parallel analysis test Real eigenvalue

factor >random order
eigenvalue factor

KMO, Kaiser-Meyer—0lkin.
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Typically, when an opinion is required to be sought
from a larger number of respondents, employing a web-
based snowballing data generation approach would be a
better option. This is because having a small number of
valid responses may result in reliability issues involving
the value of the relationship between variables. The valid
response rate for this study was N = 330, which is larger
than the minimum (N = 50) criterion usually considered
by many scholars. In the case of this study, the response
rate is not an issue. Based on these considerations, a factor
loading value of 0.35 was fixed as the benchmark. Thus,
as recommended by Hussin et al. (2014) and Bujang and
Baharum (2017), it has been demonstrated that the ade-
quacy of the response rate received is within the accept-
able measure. This study further validates the determina-
tion of factor loading based on response rate, which has
been adapted from the study of Isa et al. (2020), as shown
in the guidelines in Table 4.

4 Result and discussion
4.1 Demographic information of respondents

The results, shown in Figures 1 and 2, present respond-
ents’ data according to their gender, wherein 70% were
male and 30% female, categories of respondents and
years of experience.

4.2 Cronbach’s a test

Table 5 shows Cronbach’s test. The -value ranges from 0
to 1. According to Vaz-Serra and Mitcheltree (2021), the
greater the -value, the more reliable the output result or
scaling becomes. The measuring scale is reasonable if the
-value ranges from 0.7 to 1. A Cronbach’s a of 0.7 means

Tab. 4: Guide for factor loading selection based on response rate
S. No.

Value of factor loading Response rate

1. 0.75 50-59

2. 0.70 60-69

3. 0.65 70-99

4. 0.55 100-119

5. 0.50 120-149
6. 0.45 150-199

7. 0.40 200-249
8. 0.35 250-349

9. 0.30 350 and above
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that the measuring scale has comparatively great internal
reliability. Using SPSS 27.0 (IBM), Table 5 shows that the
27 variables have an a-value of 0.881, and the 13 variables
0.813. These indicated that the measurement is reliable at
a 5% significance level based on the 5-point Likert scale.
These imply that the Cronbach o coefficient of all the 27
and 13 variables (competencies and skills) at 0.881 and
0.813 is above 0.7, as suggested by Pallant (2005). The
author stated that all the variables had high internal con-
sistency and reliability.

e=@==Respondent rate

Female

250

200

150

Client 100
(Developer) Male
Contractor/ Student
Consultant (Graduate)

Fig. 1: Categories of respondents.

==@==Respondents rate

Lessthan 5
years
100
80
60
b 20
above 5to 10years
years

16to 20 years 11to 15 years

Fig. 2. Years of experience.
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Tab. 5: Cronbach’s a test Tab. 7: Construction manager competencies variable analysis
Reliability statistics Descriptive statistics (variables = 27; N = 330)
Cronbach’s Coding Mean Std. deviation RII Ranking
abased on cMC27 4.73 0.466 0.95 1st
standard- N CMC5 4.71 0.528 0.94  2nd
Cronbach’s a ised items  variable CMC23 463 0.615 0.93 3rd
Expected competency  0.881 0.880 27 CMCi8 4.62 0.599 0.92 4th
Expected skills 0.813 0.813 13 CMC21 4.59 0.657 0.91 5th
CMC1 4.55 0.657 0.91 6th
Tab. 6. Significance level tmcze 4.52 0.685 0.90 7th
Rll values Significance level CMC14 450 0.694 0.90 8th
0.81 <RIl <1.00 High H cmc20 4.50 0.672 0.90 9th
CMC17 4.49 0.681 0.90 10th
0.61 <RI <0.80 High-medium H-M CMC13 442 0.702 0.88 11th
0.41 <RIl <0.60 Medium M CMC24 4.42 0.694 0.88  12th
0.21 <RI <0.40 Medium-low M-L CMC15 4.40 0.722 0.88 13th
0.00 <RIl <0.20 Low L CMC25 4.40 0.659 0.88 14th
CMC12 4.39 0.720 0.87 15th
CcMC11 4.39 0.676 0.87 16th
4.3 Descriptive statistics chce 438 0.701 087  17th
CMC22 4.38 0.648 0.87 18th
Tables 7 and 8 list the results of the 27 and 13 variables CMC19 4.37 0.716 0.87 19th
for competencies and skills, respectively, in descending  pc4 4.35 0.707 0.87 20th
order based on their mean item score (MIS) and RII, which  j11¢ 4.35 0.691 0.87 21st
enables a presentation of the descriptive statistics of the - 434 0.739 0.86 22nd
questionnaire data. The expression in Table 6 was used 1o 433 0.762 0.86 23rd
to rate the significance level. Thus, all 27 and 13 variables CMC8 4.30 0.793 0.86 24th
(100%) are deemed statistically highly significant at 0.81 (3 430 0.722 0.86 25th
< RII = 1, wherein lies the range from 0.85 to 0.95 as per- cMC7 4.27 0.789 0.85 26th
ceived by the respondents. Therefore, all the variablesare g 4.26 0.836 0.85 27th

highly significant.

Tables 7 and 8 show the MIS and RII ranking results
for the variables identified under the expected compe-
tencies and skills of construction manager graduates.
These were obtained from the survey data and analysed

CMC, construction management competencies; RIl, relative impor-
tance index.

Tab. 8: Construction manager competencies expected skills variable

using SPSS 27.0. The input of clients, students and con- analysts

tractor/consultant perspectives summarises these data. Descriptive statistics (variables = 13; N = 330)
The use of MIS and RII enabled the calculation of the _Coding Mean  Std. deviation Ril Ranking
ranking for selecting the significantly essential compe-  CMES5 4.68 0.567 0.93  1st
tencies and sKkills. All the variables have a high signifi- CMES1 4.51 0.681 0.90  2nd
cance level ranging from MIS from 4.25 to 4.73 and RII CMES13 4.41 0.693 0.88  3rd
from 0.85 to 0.95. However, due to the high ranking of the CMES12 4.38 0.727 0.87  ath
MIS, which is far above the minimum recommendation Exizjl 2;; 2'222 g':; Z::
of 3.50, previous scholars have considered ranking the CMES10 4:33 0:746 0:86 —th
criticality or importance of a variable in a data set. This CMES2 433 0.733 0.86  sth
study, therefore, proposed an RII rating of 0.90 to select CMES4 433 0.694 0.86 oth
the most critically important competencies and skills. CMES3 4.30 0.789 0.86  1oth
Thus, this proposal may be considered for subsequent  pyrss 4.28 0.721 0.85 11ith
findings related to such a high rating. Based on it, 10 (pyes7 4.26 0.776 0.85  12th
competencies and 2 skills have been assessed as meeting  ¢peso 4.25 0.824 0.85  13th

this threshold. RII, relative importance index.



98 —— Toyin and Mewomo, Assessment of the competencies needed by construction graduates

Thus, the competencies would be the following: CMC
27 — Good communication; CMC 5 — Honesty and integrity;
CMC 23 — Understanding and application of ICT knowl-
edge; CMC 18 — Labour and resource management; CMC
21 — Ability to prepare schedules of work and project pro-
gress reports; CMC 1 — Team leadership and management;
CMC 26 — Computer skills; CMC 14 — Basic understanding
of construction drawing interpretation; CMC 20 — Knowl-
edge and understanding of project specifications; and
CMC 17 — Maintenance and quality management compe-
tency. The two skills that are perceived as most critical are:
CMES 5 — Teamwork skills and CMES 1 — Critical think-
ing and openness to feedback. These competencies and
skills are critically important for CMG and managers to
embrace, considering the high significant mean weight.
These will keep them relevant and productive in the con-
struction industry.

4.4 Factor analysis (FA)

PCA and principal axis factoring (PAF) are the two
common reductions and rotated grouping factor analy-
ses used by scholars, which can be conducted with SPSS.
In PCA, it is assumed that the total variance in the data
equals the shared variance between the items. In PAF, the
assumption is that the total variance in the data equals two
things: common variance and unique variance. However,
unique variance does not exist in PCA, making it slightly
different. Moreover, this study met the assumption of con-
ducting PCA. Furthermore, correlation matrix, unrotated
factor solution and eigenvalue greater than 0.35 were
selected based on the criteria in Table 4, as recommended
in the studies of Bujang and Baharum (2017) and Isa et al.
(2020). Therefore, the PCA approach is deemed sufficient
to conduct the inferential analysis. Malhotra and Birks
(2006) reported that in FA, Bartlett’s test of sphericity and
the Kaiser-Meyer—Olkin (KMO) test are commonly used
in measuring sample adequacy. ‘When Bartlett’s test of
sphericity significant is (P < 0.05) and the KMO index is >
0.5, the dataset is generally acceptable for factor analysis’
(Mane and Nagesha 2014). The KMO test provided values
of 0.892 and 0.893, and Barlett’s test of sphericity yielded
a statistically significant result (chi-square = 2006.213 and
775.901, Sig. (p) = 0.000), as seen in Table 9. These compu-
tations were based on the results in Tables 7 and 8. There-
fore, the fact of statistical significance, as demonstrated
above, also serves to substantiate the decision to opt for
performing PCA.

The PCA conducted encompasses three phases,
namely: (a) to generate a correlation matrix across all

§ sciendo

Tab. 9: Data reliability test

KMO and Bartlett’s test

Competencies Skills
variables 27  variables 13
KMO measure of 0.892 0.893
sampling adequacy
Bartlett’s test of Approx. 2006.213 775.901
sphericity chi-square
Df 351 78
Sig. 0.000 0.000

KMO, Kaiser—-Meyer-0lkin.

variables involved to discover elements in clusters that
have the most in common with one another; (b) to extract
factors to establish the numbers of created factors and the
qualities represented by each factor, and (c) to rotate the
factors for them, in such a way that they become clearer,
by clustering them into a component group (Isa et al. 2020;
Babaie et al. 2022; Duras 2022). Therefore, highly corre-
lated variables were grouped within the same component
since they seem to measure the same perception. In con-
trast, variables in different components correlate less with
each other as they measure perceptions differently. Fur-
thermore, PCA was used to reduce the variables and group
them into more manageable clusters. Factor rotation and
extraction were executed using SPSS 27.0 software. Figure
3 shows the total variance calculated for the 27 variables.

4.4.1 Extracted eigenvalues variance discussion

Figure 3 shows the extracted seven components with
eigenvalues greater than 1. Only items with a factor
loading of =0.35 were included in each component
(factor). This seven-component factor clustering solu-
tion explained the 27 variables of expected competencies
in the Nigerian construction industry, which accounted
for 51.57% of the overall variance. Isa et al. (2020) sug-
gested that an acceptable percentage of commutative
variance allowable should not be less than 50% since
this is deemed required for practical importance. There-
fore, it may be concluded that the model’s reliability is
acceptable. Figure 4 shows that the seven-component
factor described the overall variance, with the first com-
ponent clustering amounting to 24.788% of the variance
involving four variables. The second component com-
prises five variables, which contribute to 5.96%. The third
component includes four variables contributing 4.60%;
and the fourth component contains five variables con-
tributing 4.38%. The fifth component has four variables
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Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

Component Total % of Variance | Cumulative % Total % ofVariance | Cumulative % Total % ofVariance | Cumulative %
1 6.693 24788 24788 6.693 24.788 24788 2.564 9.494 9.494
2 1.608 5.956 30.744 1.608 5.956 30.744 2.307 8.543 18.037
3 1.243 4.602 35.347 1.243 4.602 35.347 2215 8.205 26.242
4 1.183 4380 39.727 1.183 4380 39.727 1.944 7.200 33442
5 1.149 4255 43.981 1.148 4255 43.981 1.942 7.194 40.636
6 1.045 3.870 47.852 1.045 3.870 47.852 1.688 6.250 46.887
7] 1.004 3720 51.572 1.004 3720 51.572 1.265 4685 51.672
8 976 3616 55187
] 935 3.464 58.651
10 870 3220 61.871
11 842 3117 £4.989
12 812 3.008 67.997
13 F77 2.878 70.875
14 756 2.801 73676
15 724 2,682 76.358
16 675 2,499 78.857
157 .EE60 2,443 81.299
18 622 2.305 83.604
19 614 2272 85.876
20 586 2170 88.046
21 527 1.951 89.997
22 509 1.885 91.883
23 486 1.799 93.681
24 465 1.723 95.404
25 455 1.685 97.089
26 408 1.512 98.602
27 378 1.398 100.000

Extraction Method: Principal Component Analysis.

Fig. 3: Competencies variable extraction.

contributing to 4.26%; and the sixth and seventh com-
ponents contain two and one items contributing 3.87%
and 3.72%, respectively. Also, Figure 4 displays the 27
remaining variables’ results in the seven factors, together
with their connected factor loadings, eigenvalues and
explained variances of the seven factors.

4.4.2 Rotated component matrix

This section discusses and interprets the factors extracted
in Table 10. It is required to check the appropriate FA
rotation method to use before proceeding. The available
two types in SPSS are Oblique rotation (Direct Oblimin or
Promax) and Orthogonal rotation (Varimax or Quartmax or
Equamax). It is best to start with direct oblimin to conduct
a rotated solution. For conducting a rotated solution,
starting with direct oblimin would be an ideal approach.
After the result of this study revealed that orthogonal
rotation is appropriate, the researchers adopted orthog-
onal rotation using the varimax method. The same
method has been adopted in management-related studies

(Aluko and Mewomo 2021). However, to interpret factor
loading, the variables factor loading matrix is rotated to
bring the smallest loadings to nearly zero and its largest
loading towards unity (Enshassi et al. 2018). Isa et al.
(2020) claimed that an apparent component structure is
usually revealed when a variable’s factor loading is signif-
icantly based on the number of valid responses received
for the study, as seen in Table 3. However, the factor value
with a loading of 0.35 and above was retained and used to
suitably name the component cluster. Furthermore, Table
11 shows the interpretation of the required data generated
from Table 10.

The results presented in Table 10 indicated that 25
out of the 27 surveyed variables meet the significant (0.35)
level for the PCA-rotated component grouping for this
study. These, are the critical expected competencies to be
attributed by intending CMG in the Nigerian construction
industry, from which components 2 and 4: ‘Pre-contract
planning and hazard management’ and ‘Basic construc-
tion management component’ contained five variables
each; components 1, 3 and 5: ‘Project management and
planning-related component’; ‘On-site construction
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management component’ and ‘Peace-making and man-
agement-related component’ contained four each; com-
ponent 6: ‘ICT-related component’ contained two; and
component 7: ‘Communication component’ had only one.
Overall, component 7 has the highest factor loading of
0.820 and CMC26 has 0.751, and CMC8 has the least factor
loading of 0.405.

4.4.2.1 Component 1: Project management and
planning-related component

These clustered variables, referred to as the project
management and planning-related component, are the
required competencies that deal with understanding
the drawing, the capability of noticing and identifying

Tab. 10: Component clustering (competencies)
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additional work and the ability to bring it to booking by
notifying the QS, and the ability to know the competen-
cies to look out for in selecting a sub-contractor, labour
requirements, etc. (Jabar et al. 2013; Wang and Cheng
2022). Thus, possessing this attribute will go a long way in
improving the company or organisation’s productivity and
quality of work done and also increase the employability
of construction managers (Benhart and Shaurette 2013).
Moreover, construction managers are expected to have
substantial knowledge in evaluating work done based on
the bill of quantity (BOQ) (Abdullah et al. 2017). In this
group, CMC7 has the highest factor loading with 0.659; at
the same time, CMC22 had 0.469, which is the least factor
loading.

Rotated component matrix

Component

4 5 6 7

cmcz
cMmc19
CMC16
cMC22
cmc2
CMC3
cmc2o
CMC4
CcMC8
cmcis
cmc21
cmc17
CMC24
CMC5
CMC14
cmc13
cMC12
cMCeé
CMC9
cmc11
cmcio
cmc1
CMC15 X X X
cMC26

cMmC23

CMC25 X X X
cmc2z

0.659
0.641
0.596
0.469
0.708
0.6200
0.496
0.495
0.405
0.657
0.566
0.534
0.424

0.733

0.564

0.423

0.423

0.358
0.640
0.593
0.468
0.459

0.751
0.550

0.820

CMC, construction management competencies.
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Tab. 11: Rotated component factor loading interpretation of the 25 retained variables

Toyin and Mewomo, Assessment of the competencies needed by construction graduates =—— 101

Component Component naming Competencies Code Factor loading
1 Project management and Analysing design solutions cmcez 0.659
planning-related component Ability for managing project variations, CMC19 0.641
cash flow forecasting and monitoring
Competency in the reviewing and selection CMC16 0.596
of qualified subcontractors
Basic understanding of construction code CMC22 0.469
and regulation
2 Pre-contract planning and hazard  Knowledge of the biding and tendering cmc2 0.708
management process
Risk management cmc3 0.620
Knowledge and understanding of project cmc2o 0.496
specifications
Pre-contract planning and programming CMC4 0.495
Basic knowledge of procurement cMC8 0.405
3. On-site construction management Tool and machine maintenance and quality cmci7 0.534
component management competency
Labour and resource management cmcis 0.657
Ability to prepare the schedule of work and cmc21 0.566
project progress and technical report
Knowledge of sustainability in construction cmC24 0.424
4 Basic construction management Honesty and integrity CMC5 0.733
component Site survey and analysis of construction site  CMC6 0.358
Ability to set up an expediting log and pro- cmcC12 0.423
curement, submittal of log
Basic knowledge of health and safety in cmci13 0.423
construction practice
Basic understanding of construction drawing CMC14 0.564
interpretation
5 Peace-making and manage- Team leadership and management. cmc1 0.459
ment-related component Client care CMC9 0.640
Basic knowledge of various forms of building CMC10 0.468
and construction contracts
Conflict avoidance and management or cmc11 0.593
interpersonal understanding
6 ICT-related component Computer skills — Excel, MS Office, Adobe, cmcC26 0.751
Internet-based, etc.
Understanding and application of cmc23 0.550
construction-related software knowledge
7 Communication component Good communication cmc27 0.820

CMC, construction management competencies; ICT, information and communication technology.

4.4.2.2 Component 2: Pre-contract planning and hazard
management

Pre-contract planning and hazard management refer to
the competencies associated with understanding the
activities involved in getting set for the project. The con-
struction managers are expected to have in-depth knowl-
edge in reviewing tender drawings and documents to

check for discrepancies (Dainty et al. 2004; Wang and
Cheng 2022) and to cross-check the quoted quantity of
works against the proposed volume to be executed. Also,
they need to understand what is expected before moving
to the site to discharge their duties, such as coordinat-
ing materials required for procurement (Male et al. 2010;
Torres-Machi et al. 2013) and arrangement of skilled and
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unskilled labour planning charts. In addition, the con-
struction manager is expected to understand the building
process throughout the construction phase (Ying et al.
2015; Turner 2017). Thus, it is required of them to prepare
a programme of work to be executed during this phase.
Hazard management cannot be left out in the pre-contract
planning phase. The earlier the possible hazard is iden-
tified and planned for, the better it will be mitigated or
prevented from occurring. Therefore, the CMG is expected
to know about all the classes of hazards that could occur
on-site, such as: falling due to unstable work surfaces,
unavailability of fall protective equipment, slipping and
tripping, excessive noise, possible electric incidents, etc.
These will enable risk management and avoid disrupting
the working pace and process.

4.4.2.3 Components 3 and 4: On-site construction
management and Basic construction management
components

The activities expected to be performed at this stage are the
construction manager’s primary core anticipated duties.
The level and quality at which these activities are managed
will predict whether or not the project will succeed.
Therefore, a CMG is expected to possess competencies in
labour and resources management (Ahmed et al. 2014;
Mitcheltree et al. 2019). The management of labour and
resources is vital in every construction site, as they are
the driving force of on-site construction activities. Labour
and materials costs could amount to around 90% of the
project construction costs. If not well managed, it could
result in waste of materials, capital, workforce, etc.; a
CMG is expected to be up to date with the labour laws,
regulations and procedures, to ensure that the working
hours allowable in accordance with labour legislation
are complied with. The accomplishment of a construction
project depends on getting all the right resources for every
task on-site. The proper management of construction
resources will help the contractor achieve the project’s
main goal with maximum quality and efficiency. A CMG’s
ability to prepare a work schedule is essential as this
would assist in adequately organising tasks to be carried
out on-site, thereby improving resource and labour man-
agement. A basic understanding of construction drawing
interpretation is essential. Weekly progress report writing
competencies are important. It will enable the construc-
tion manager to know if there is substantial progress; if
not, the management could easily identify the cause of
the delay to ensure that this cause is promptly eliminated
as well as prevented from occurring again, at least in the
near future.
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CMG are expected to have a basic knowledge of the
preventive maintenance of tools and machines, such as
making provisions for machine consumables (oil/grease)
and quick identification of faulty tools. In addition, most
are versatile in quality management and possess adequate
knowledge of sustainable construction processes. Honesty
and integrity are core personal competencies any firm or
company is looking out for in their employee. For a CMG to
thrive in the industry, these personal attributes are essen-
tial and their importance cannot be understated. Neverthe-
less, the quality of being truthful and sincere is regarded
as honesty, while integrity is the value of doing the right
thing at all times. A CMG is expected to know health and
safety practices and first aid administration processes.
These will help to prevent possible fatality on-site.

4.4.2.4 Component 5: Peace-making and management-
related component

These component elements refer to the peaceable man-
agement and coordination of construction team workers,
and their aim is the prevention of occurrence of serious
disputes in the construction site between the labour force
and the management representatives, since such an even-
tuality can be expected to exercise an adverse impact on
the construction workflow. The client’s needs must be met
based on the available allocated fund. It is imperative to
be on the same page with the client and construction pro-
fessional teams involved in the project. It will strengthen
the relationship between the client and construction firm
and may lead to the client referring such firm to friends.
As a construction manager, one of the primary responsi-
bilities is the coordination and management of all team
members involved in the project. As such, the ideal char-
acteristic of a good leadership is that the leader must
present at all times a portrait of being reasonable and
receptive to all parties involved, and this can be accom-
plished concomitant with the adoption of an approach
by the leader wherein, to verify compliance with sched-
ule, feedback regarding the work progress is collected on
a regular basis, together with inadequate compliance or
non-compliance being promptly investigated.

4.4.2.5 Component 6: ICT-related component

ICT in construction involves communication through
computers and hardware, cell phones, satellite systems,
etc., through which the construction teams can collabo-
rate successfully and communicate the actual message.
Computer-based documentation is essential for running
day-to-day site work smoothly, using the following
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software or applications: Microsoft Office power pack,
Adobe and construction-related CAD software (Auto card,
Archicad, Orion, etc.). Therefore, it is crucial for a CMG to
understand and be able to apply ICT knowledge. These
will enhance fast decision-making.

4.4.2.6 Component 7: Communication component

In the context of the construction industry, communica-
tion encompasses any mode of imparting or exchanging
information, including but not limited to the mediums
of writing, speaking or virtual display. These could be
subdivided into active listening, written, oral, nonver-
bal, visual and contextual communication (Mexico 2022).
All these communication forms are required to be well
understood by a CMG. Such an effective understanding
would enable a CMG to function proficiently during the
course of discharging of duties. The manner in which
a construction manager communicates with others to
present and receive ideas makes a lasting impact on the
parties with whom the manager interacts, and also sig-
nificantly influences the mental image that people form
of the construction firm on the whole. In Nigeria, where
there are diverse languages, it would be imperative for
a CMG to understand the country’s unified language
(English) (Quora 2022).

5 Conclusion

This research investigated the innovative skills and com-
petencies expected of CMG in the discharge and man-
agement of their professional responsibilities within the
Nigerian built environment. Globally, CMG employment is
increasingly coming to be characterised by the exhibition
of a highly demanding tendency by the construction firm
or employer, and Nigeria is no exception to this phenome-
non. Moreover, the influx of innovative technology in the
industry keeps evolving. For the upcoming CMG to remain
employable in a reputable construction firm or industry,
they need to know what core skills and competencies are
being demanded from the industry. A thorough examina-
tion of related literature revealed 13 innovative skills and
27 expected core competencies. A survey questionnaire
was developed to collect primary data for the study. The
survey data were analysed using descriptive and inferen-
tial statistics.

MIS and standard deviation were conducted on the
data to statistically rank the variables associated with the
innovative skills and expected core competencies, while
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the RII was used to rate their significance level. Neverthe-
less, all the 13 and 27 variables were perceived to be sig-
nificantly important, with MIS ranging from 4.25 to 4.73
and RII from 0.85 to 0.95. This shows that the industry
is unwilling and not ready to employ half-baked gradu-
ates, possibly due to the project’s highly intensive capital
and the construction process’s sophisticated nature. The
findings of the survey result with regard to skills indicate
that a significant emphasis is manifest for the following
aspects: (a) Teamwork skills — it is mandatory for CMG to
possess this skill, as it plays an indispensable and major
role in the coordination of activities during the construc-
tion stage. (b) Critical thinking and openness to feed-
back - the construction manager is expected to be a fast
thinker; the ability on the manager’s part to take swift
technical decisions based on the feedback received from
time to time speeds up the work concomitant with good
quality being maintained. Additionally, other skill varia-
bles are also important.

The PCA was conducted, which reduced the 27
variables to 25 and grouped them into seven-component
clusters.

Based on this study’s findings, we can conclude that
the current demand and expectations of the industry from
recent and upcoming graduates are high; these could
reflect that the industry does not give room for low-skilled
graduates. Consequently, for construction managers or
CMG to remain employable or relevant in the industry,
they must embrace the innovative skills and competencies
essential for the project’s current and future success in
the built environment. In addition, they must familiarise
themselves with the innovative technology evolving in the
industry and possess a high level of personal capability to
tackle the core professional task ahead of them. According
to the survey report, all the previously identified innova-
tive core competencies in the literature, considered to be
revolutionaries’ competencies expected of the CMG, are
significantly critical in the Nigerian construction industry.
The PCA eliminated ‘Contract administering and manag-
ing subcontracts’ and ‘Knowledge of project brief prepara-
tion’ from the required competencies peculiar to Nigeria,
as perceived by the respondents. This implies that the two
eliminated variables are not necessarily crucial for con-
struction managers in the Nigerian construction industry,
but may be considered very relevant for other construc-
tion professionals. Although this study is limited to the
Nigerian construction industry, the identified variables
could be modified and used in other regions to generate
a comprehensive result using a mixed method of data col-
lection approach.



104 —— Toyin and Mewomo, Assessment of the competencies needed by construction graduates

References

Abdullah, A. H., Yaman, S. K., Mohammad, H., & Hassan, P. F.
(2017). Construction manager’s technical competencies in
Malaysian construction projects. Engineering, Construction
and Architectural Management, 25, pp. 153-177.

Affandi, H. M., Hassan, F., Ismail, Z., & Kamal, M. F. M. (2013).
Generic competencies for Malaysian entry level construction
manager. In: Lee, G. (ed.), International Conference on
Psychology, Management and Social Science. Shenzhen,
China.

Ahmed, S. M., Yaris, C., Farooqui, R. U., & Sagib, M. (2014).

Key attributes and skills for curriculum improvement for
undergraduate construction management programs.
International Journal of Construction Education and Research,
10, pp. 240-254.

Aluko, 0., & Mewomo, M. (2021). Critical factors affecting quality
of building projects: Professionals service providers’
perspectives. Journal of Construction Project Management and
Innovation, 11, pp. 1-16.

Arditi, D., & Alavipour, S. M. R. (2019). Trends in expectations
about duties and responsibilities of construction managers.
Journal of Construction Engineering and Management, 145,

p. 04019037.

Arditi, D., Gluch, P., & Holmdahl, M. (2013). Managerial
competencies of female and male managers in the Swedish
construction industry. Construction Management and
Economics, 31, pp. 979-990.

Arditi, D., Ongkasuwan, D., & Institute, C. 0. M. P.1. C. 0. T. A. C.
(2009). Duties and responsibilities of construction managers:
Perceptions of parties involved in construction. Journal
of Construction Engineering and Management, 135, pp.
1370-1374.

Babaie, E., Alesheikh, A. A., & Tabasi, M. (2022). Spatial modeling
of zoonotic cutaneous leishmaniasis with regard to potential
environmental factors using ANFIS and PCA-ANFIS methods.
Acta Tropica, 228, p. 106296.

Baharudin, K. (2006). Construction management skills for the global
market. Construction Management, pp. 34-35.

Barison, M. B., & Santos, E. T. (2010). Leadership in sustainable
infrastructure. In: Tizani, W. (ed.), Procedings of the
International Conference on Computing in Civil and Building
Engineering. Nottingham University.

Barison, M. B., & Santos, E. T. (2011). The competencies of BIM
specialists: A comparative analysis of the literature review and
job ad descriptions. Computing in Civil Engineering, 2011,
pp. 594-602.

Benhart, B. L., & Shaurette, M. (2013). Establishing new graduate
competencies: Purdue University’s construction management
curriculum restructuring. International Journal of Construction
Education and Research, 10, pp. 19-38.

Bozoglu, J. (2016). Collaboration and coordination learning modules
for BIM education. Journal of Information Technology in
Construction, 21, pp. 152-163.

Brockmann, C., Brezinski, H., & Erbe, A. (2016). Innovation in
construction megaprojects. Journal of Construction Engineering
and Management, 142, p. 04016059.

Bujang, M. A., & Baharum, N. (2017). Guidelines of the minimum
sample size requirements for Kappa agreement test.
Epidemiology, Biostatistics, and Public Health, 14(2),

§ sciendo

Buvik, M. P., & Rolfsen, M. (2015). Prior ties and trust development
in project teams — A case study from the construction industry.
International Journal of Project Management, 33,
pp. 1484-1494,

Construction, (2021). What does a career in BIM look like?

[Online]. Available at https://www.goconstruct.org/
why-choose-construction/whats-happening-in-construction/
what-does-a-career-in-bim-look-like/ [Accessed 2021 May 19].

Dainty, A. R. ., Cheng, M. I., & Moore, D. R. (2004). A competency-
based performance model for construction project managers.
Construction Management and Economics, 22, pp. 877-886.

Demirdoven, )., & Arditi, D. (2014a). Advancing BIM in the
construction management and engineering curriculum. In:
Proceedings of 11th International Congress on Advances in Civil
Engineering. 21-25 October 2014 /Turkey, pp. 21-25.

Demirdoven, )., & Arditi, D. (2014b). Advancing BIM in the
construction management and engineering curriculum. In:
11th International Congress on Advances in Civil Engineering.
Istanbul, Turkey.

Dennis, I., & Tapsfield, P. (2013). Human Abilities: Their Nature and
Measurement. Psychology Press. [Accessed 2013 May 13].

Dossick, C. S., Lee, N., & Foleyk, S. (2014). Building information
modeling in graduate construction engineering and
management education. Computing in Civil and Building
Engineering, 2014, pp. 2176-2183.

Duras, T. (2022). The fixed effects PCA model in a common principal
component environment. Communications in Statistics-Theory
and Methods, 51, pp. 1653-1673.

Enshassi, A. A., Hamra, L. A. A., & Alkilani, S. (2018). Studying the
benefits of building information modeling (BIM) in architecture,
engineering and construction (AEC) industry in the Gaza strip.
Jordan Journal of Civil Engineering, 12, pp. 87-98.

Gwa, G. 0. W. A. (2022). What is competency and how is it assessed?
[Online]. Available at https://www.dmp.wa.gov.au/Safety/
What-is-competency-and-how-is-it-5973.aspx [Accessed 2022
May 20].

Hodorog, A., Alhamami, A. H. S., & Petri, I. (2019). Social media
mining for BIM skills and roles for energy efficiency. In: IEEE
International Conference on Engineering, Technology and
Innovation (ICE/ITMC). IEEE, pp. 1-10.

Hussin, F., Ali, J., & Noor, M. S. Z. (2014). Kaedah Penyelidikan &
Analisis Data Spss. Universiti Utara Malaysia Press.

Isa, A. M., Mahmud, W. A. W., Azlan, A. A., Sulaiman, W. I. W.,

& Pitchan, M. A. (2020). Exploratory factor and reliability
analysis for the censorship instrument of OTT media content
in Malaysia. International Journal of Psychosocial Rehabil-
itation, 24.

Jabar, I. L., Ismail, F., Aziz, N. M., & Janipha, N. A. I. (2013).
Construction manager’s competency in managing the
construction process of Ibs projects. Procedia — Social and
Behavioral Sciences, 105, pp. 85-93.

Joseph, F., Barry, J. B., Rolph, E. A., & Rolph, E. A. (2010).
Multivariate Data Analysis. Pearson Prentice Hall.

Kapsoulis, D., Tsiakas, K., Trompoukis, X., Asouti, V., &
Giannakoglou, K. (2018). Evolutionary multi-objective
optimization assisted by metamodels, kernel PCA and
multi-criteria decision making techniques with applications in
aerodynamics. Applied Soft Computing, 64, pp. 1-13.

Kim, J., & Irizarry, J. (2021). Evaluating the use of augmented reality
technology to improve construction management student’s



§ sciendo

spatial skills. International Journal of Construction Education
and Research, 17, pp. 99-116.

Kolari¢, S., Mandi¢ak, T., Vukomanovié, M., & Mesaros, P. (2018).
BIM training in construction management educational practices
in Croatia and Slovakia. In: Creative Construction Conference
2018 - Proceedings. Budapest University of Technology
and Economics. 30 June - 3 July 2018, Ljubljana, Slovenia
(pp. 1002-1009).

Ku, K., & Taiebat, M. (2011). BIM experiences and expectations: The
constructors’ perspective. International Journal of Construction
Education and Research, 7, pp. 175-197.

Love, P. E. D., Haynes, N. S., & Irani, Z. (2001). Construction
managers’ expectations and observations of graduates. Journal
of Managerial Psychology, 16, pp. 579-593.

Maina, J. ). (2018). Professional competencies of architecture
graduates: Perceptions from graduates, academics and
employers in the Nigerian construction industry. Built
Environment Journal, 15, pp. 1-13.

Male, S. A., Bush, M. B., & Chapman, E. S. (2010). Perceptions
of competency deficiencies in engineering graduates.
Australasian Journal of Engineering Education, 16, pp. 55-68.

Malhotra, N. K., & Birks, D. F. (2006). Marketing Research:

An Applied Approach Updated Second European Edition.
Mane, S. D., & Nagesha, N. (2014). Analysis of factors for enhancing
energy conservation in Indian Railway workshops: a case
study. International Journal of Research in Engineering and

Technology, 3(3), pp. 717-724.

Martin-Gutierrez, )., Guinters, E., & Perez-Lopez, D. (2012).
Improving strategy of self-learning in engineering: Laboratories
with augmented reality. Procedia-Social and Behavioral
Sciences, 51, pp. 832-839.

McCuen, T. (2015). Investigating the predictors of spatial skills essential
for construction science student success in the digital age.

Mexico, T. U. 0. N. (2022). 5 essential communication skills [Online].
Available at https://unm5.unm.edu/5-research-COMMUNICA-
TION-skills.html [Accessed 2022 May 18].

Mitcheltree, H., Serra, P. V., Carter, S., & Cameron, R. (2019).
Building sustainable futures: Industry perceptions of the key
construction project management graduate competencies
required to meet industry needs. In: C/B World Building
Congress. Hong Kong SAR, China.

Mohd, S., & Latiffi, A. (2013). Building information modeling (BIM)
application in construction planning. In: 7th International
Conference on Construction in the 21st Century (CITC-VII),
December 19-21, 2013, Bangkok, Thailand, pp. 19-21.

Miihlbacher, )., Kovag, ., Novotny, A., & Putnova, A. (2013).
Competency management in central Europe: A comparison
of Czech, Hungarian and Slovenian competency needs.
Organizacija, 46(5).

Nilashi, M., Bin Ibrahim, O., Ithnin, N., & Sarmin, N. H. (2015). A
multi-criteria collaborative filtering recommender system for
the tourism domain using expectation maximization (EM) and
PCA-ANFIS. Electronic Commerce Research and Applications,
14, pp. 542-562.

Pallant, J. (2005). SPSS survival manual: A step by step guide
to using SPSS for windows (version 12). New South Wales,
Australia: Allen & Unwin.

Pellisé Tintoré, P. (2014). Comparison of duties and responsibilities
of construction managers in Spain and USA.

Toyin and Mewomo, Assessment of the competencies needed by construction graduates = 105

Plawgo, B., & Ertman, A. (2021). Competency needs of industry 4.0
companies. Central European Management Journal, 29,
pp. 172-195.

Quora, (2022). Is English a unifying language in Nigeria? [Online].
Available at https://www.quora.com/Is-English-a-unifying-
language-in-Nigeria [Accessed 2022 May 20].

Rahman, R. A., Alsafouri, S., Tang, P., & Ayer, S. K. (2016).
Comparing building information modeling skills of project
managers and BIM managers based on social media analysis.
Procedia Engineering, 145, pp. 812-819.

Rahman, R. A., & Ayer, S. K. (2017). Assessment strategies for
building information modeling skills in problem-based learning
pedagogics. In 6th CSCE-CRC International Construction
Specialty Conference 2017-Held as Part of the Canadian
Society for Civil Engineering Annual Conference and General
Meeting 2017 (Vol. 1, pp. 271-279). Canadian Society for Civil
Engineering.

Raiola, J. A. (2016). Employability skills in BIM for construction
managers: Recommendationsfor education. In: ASEE 123rd
Annual Conference & Exposition. American Society for
Engineering Education, New Orleans.

Succar, B., Sher, W., & Williams, A. (2013). An integrated approach
to BIM competency assessment, acquisition and application.
Automation in Construction, 35, pp. 174-189.

Torres-Machi, C., Carrion, A., Yepes, V., & Pellicer, E. (2013). Employ-
ability of graduate students in construction management.
Journal of Professional Issues in Engineering Education and
Practice, 139, pp. 163-170.

Toyin, J. 0., & Mewomo, M. C. (2023). Critical review of the
impacts of successful BIM technology application on
construction projects. In: Haupt, T. C., Akinlolu, M.,

Simpeh, F., Amoah, C., & Armoed, Z. (eds), Construction
in 5D: Deconstruction, Digitalization, Disruption, Disaster,
Development. Springer International Publishing, Cham,
pp. 65-77.

Toyin, J. 0., & Mewomo, M. C. (2021). Barriers to successful BIM
applications: A literature review. In: Okoro, C. T., & Onososen,
A. (eds.), The Development and Investment in Infrastructure
(DII) Conference Series. Proceedings of the Dii-2021
International Conference. Virtual Via Livingstone, Zambia.

Toyin, J. 0., & Mewomo, M. C. (2022). Building information
modelling core competencies expected of construction
management graduates: A Nigerian construction industry case
study. In: Tutesigensi, A., & Neilson, C. ). (eds.), Proceedings of
the 38th Annual Arcom Conference, Association of Researchers
in Construction Management. Glasgow, UK.

Turner, O. (2017). Guide to the Project Management Body of
Knowledge PMBOK Guide. Project Management Institute,
Pennsylvania.

Uhm, M., Lee, G., & Jeon, B. (2017). An analysis of BIM jobs and
competencies based on the use of terms in the industry.
Automation in Construction, 81, pp. 67-98.

Ullah, K., Lill, I., & Witt, E. (2019). An overview of BIM adoption in
the construction industry: Benefits and barriers. In: 10th Nordic
Conference on Construction Economics and Organization
(Vol. 2, pp. 297-303). Emerald Publishing Limited.

Vaz-Serra, P., & Mitcheltree, H. (2021). Understanding the key
master of construction project management graduate
competencies required to meet industry needs in Australia.



106 —— Toyin and Mewomo, Assessment of the competencies needed by construction graduates

International Journal of Construction Education and Research,
17(3), pp. 222-241.

Wang, Y., & Cheng, K. (2022). Expected competencies of
construction management graduates working in China.
International Journal of Innovation, Management and
Technology, 13, pp. 16-24.

Wang, L., Yan, X., Fan, B., Jin, R, Yang, T., & Kapogiannis, G.
(2020). Incorporating BIM in the final semester undergraduate
project of construction management — A case study in Fuzhou

University. KSCE Journal of Civil Engineering, 24, pp. 2403-2418.

Wao, J. 0., & Flood, I. (2016). The role of quantity surveyors in the
international construction arena. International Journal of
Construction Management, 16, pp. 126-137.

Williamson, K., & Andrew, A. (2018). Spatial ability and academic
performance correlations in construction surveying. In: 54th
Associated Schools of Construction Annual International
Conference Proceedings. Minneapolis, MN, p. 8.

Yakami, M., Singh, V., & Suwal, S. (2017). What Do Students and
Professionals Think of BIM Competence? In Product Lifecycle
Management and the Industry of the Future: 14th IFIP WG 5.1
International Conference, PLM 2017, Seville, Spain, July 10-12,
2017, Revised Selected Papers 14 (pp. 358-368). Springer
International Publishing.

§ sciendo

Yalcinkaya, M. A. D. (2013). Yalcinkaya, M. and Arditi, D., 2013.
Building information modeling (BIM) and the construction
management body of knowledge. In Product Lifecycle
Management for Society: 10th IFIP WG 5.1 International
Conference, PLM 2013, Nantes, France, July 6-10, 2013,
Proceedings 10 (pp. 619-629). Springer Berlin Heidelberg.

Yaman, S. K., Abdullah, A. H., Mohammad, H., & Hassan, F. (2015).
Technical competency of construction manager in Malaysian
construction industry. Applied Mechanics and Materials, 773,
pp. 1053-1059.

Yap, J. B. H., Skitmore, M., Lim, Y. W., Loo, S.-C., & Gray, J. (2021).
Assessing the expected current and future competencies
of quantity surveyors in the Malaysian built environment.
Engineering, Construction and Architectural Management,
29(6), pp. 2415-2436.

Ying, J. F., Tookey, )., & Roberti, J. (2015). Scm competencies in
construction: Issues and challenges in New Zealand. Journal of
Engineering, Design and Technology, 13, pp. 522-538.

Yogeshwaran, G., Perera, B. A. K. S., & Ariyachandra, M. R. M.

F. (2018). Competencies expected of graduate quantity
surveyors working in developing countries. Journal of
Financial Management of Property and Construction, 23,
pp. 202-220.



