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Abstract

As digitilisation is being applied in redefining products and business models world-wide, evidence abound in the construction
industry as a sector that is slow to its adoption. While digitilisation tools have been applied in modifying processes/procedures
in the global North; a larger percentage of the sector in the global South is yet to be disrupted. For indigenous firms to join the
rapid transformation wheel, this study reviews the interrelationship between digitilisation and building information modeling.
The study objectives are to examine the prevalence of cultural and strategic capability, evaluate the relationship between cultural
orientation and strategic capability as well as predict a model of building information adoption from culture and strategy. The
study population was drawn from the list of construction firms registered with the Lagos State Tender board, list of registered
construction firms from the Institute and specific listed firms on the internet. Factor Analysis, Correlation and Regression were
the adopted statistical tools. The results revealed production; task and goal attainment; information/communication technology;
workforce; innovation, learning and knowledge management as well as conflict and dispute resolution as the prevalent cultural
orientations. The availability of resources to communicate, interact and collaborate digitally and leadership capability to
organise and coordinate digitally are the top two strategic capabilities. Consequently, 3 out of every 5 firms have moderate
awareness on BIM implementation. It was concluded that the level of agreement on the adoption of the culture and the
strategy did not reflect on the level of BIM adoption model. Since the results revealed that the existing orientation and strategy
contribute about a tenth of BIM adoption model; the firms’ leadership need cultural re-orientation from the client angle and
from business environment. On strategy, the firms need support from institutions/government on policies that will cushion the
effect of the provision of resources for transformation.

INTRODUCTION

The construction sector is coming lately in the adoption cycle due to its characteristics. 1 infer that poor,
unclear and dis-jointed information, segmentation into silos the interest of stakeholders, duplication of ef-
forts, non-alignment of interest with objectives, mismanagement of resources have contributed to inefficiency
and waste which require re-orientation and re-drafting of business models. There is an urgent need to adopt
modern business models either in conjunction with the conventional ones or jettison the conventional meth-
ods in its entirety as the case may demand. Different technological advancement has been employed in
construction. Right from the beginning of civilisation around 1800, when steam engine became the major
driving force for industries, to the second industrial age when electricity was discovered. During this pe-
riod, electrification was employed to accelerate and automate production processes 2 . With the advent of
the third industrial revolution in the 1970s; further advancement was made on electronics and information
technology. During this period, extensive use of computers and internet facilities became widespread with
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human labour gradually replaced with machines.

The current dispensation, tagged ‘industry 4.0’ is an era of information technologies and the advent of ma-
chines powered by artificial intelligence (AI). According to 3 & 4 , the introduction of AI is a great difference
between the fourth industrial revolution and the third. Artificial intelligence describes a technology whereby
work processes that would require a great deal of intelligence if performed by human beings are taken over by
machines, commonly referred to as ‘intelligent agents’. These intelligent agents deploy systems that perceive
the surroundings and take actions that maximise the chances of success (5 ; 6 ). Through the development
of theories, methods, procedures, techniques, applications on intelligence, machines are enhanced to perform
complex tasks. The machines after programming through computer systems are equipped with the ability
to behave, reason, learn, communicate and act in complex environments and therefore perform in a better
way, tasks that demand intelligent human intervention (7;8; 9 ; 3 ).

Artificial intelligence require machines programming, however, with ‘machine learning’ (ML), a step ahead of
AI, machines are not programmed but become cognitive, having learnt autonomously acquiring computing
skills (10 ). Thus, with AI and ML, tasks are semi-automated or fully-automated, that is numerically
controlled on-site or off site (11 ). Automation in the industry started about four decades ago. This was
initiated to reduce safety and health challenges and hindrances in working with chemicals or radioactive
elements, remote job sites, highly contaminated jobsites and high-risk environments (12 ). AI has a number
of tools, divisions or domains for different activities.6 submitted that AI has been employed in a number
of fields as artificial neural networks (ANN), Genetic Algorithms (GA), case-based reasoning (CBR), fuzzy
theory, game theory (GT) and Multi Criteria Decision Making (MCDM). These are further categorised as
formal tasks (such a mathematics and games) and expert tasks (such as scientific and precision analyses in the
realms of engineering and medicine). In the fields of construction and engineering, genetic algorithms, neural
networks, fuzzy logics, expert system, natural language, robotics, computer vision, case-based reasoning, k-
means clustering, qualitative reasoning model and so on have been successfully integrated to ease production
and management systems. Some of the applications of AI in the fields of engineering and construction
abound in the literature (11 ;13 ). For competitive advantage and sustainability, leadership is important,
so also is firm resources and capability, this study thus looks at the culture and strategy of firms from
leadership perspective with a view to promoting and instilling cultural orientation and strategy for BIM and
automation among indigenous construction firms.

2.1. APPLICATION OF AUTOMATION IN CONSTRUCTION WORKS

The importance of site planning to all types of projects irrespective of its magnitude has been stressed. The
correlations among site layout, temporary facilities, production time and cost are well emphasised.14 ex-
press useful insights on the enhancement of site facilities, space allocation and routing of materials through
genetic algorithm system. The strength, self-compacting capability, maximum dry density (MDD), self-
healing/cleansing ability of concrete is predictable and enhanced through artificial neural network (ANN).
These properties are versatile in concreting works and in maintenance and have been employed in multi-
criteria quest for optimal concrete mixes (15 ). Expert opinions and fuzzy sets are versatile in the analysis
of structural integrity, especially for buried structures and earthmoving (16 ). 3D printing allows enhances
the printing of constructed facilities or components in a three-dimensional format through an additive man-
ufacturing process comprising material layer accumulation and selective solidification (17 ;18 ). 3D Laser
scanning (LS) has the capability to produce an as-built model of as low as 6mm accuracy thus enhanc-
ing material optimisation and precision (19 ). Sensor modes have been employed to collect data from the
surrounding environment of as-built model and share with a designed model to reveal discrepancies when
comparing as-built models with designed models. This application is promoted through the use of Wireless
Sensor Network (WSN) (20 ). Robotisation is gradually replacing human efforts as more précised task that
cost less, in the long run are certain (21 ). Autonomous/unmanned vehicles (UMVs) and autonomous drones
are taking over certain activities that require human endeavours. Consequently, drones have been deployed
to control crowd, to garner information or retrieve data in real estate and on collapse structures and so on
especially in hard-to-reach areas (8;10 ). Augmented reality and virtual reality employ 3D with computer-
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generated graphics and inputs to develop, map images thereby making such interactive with the user in the
physical world. For instance, with mounted head display and hand-held devices, in a digital laboratory where
images are projected onto the wall, one can move through building structures to make and effect certain
changes (22 ;23 ).

These and other AI technologies have their merits, demerits and challenges; however, an interface known
as building information modeling (BIM) is inevitable. This is more so due to the challenges resulting from
the unique nature of every project, mobile site, traditional procurement methods, site terrain and highly
competitive market, which has resulted into heightened lack of interest in automation in the industry. Building
information modeling (BIM) remains an overarching software and technology that supports the interaction
and practicality of most of the technological transformation with disruptive impact in the construction
industry. While the domains of AI are numerous and still undergoing extension; the demand for precision
of time, cost and quality of a project is ever increasing: the answers to the numerous complex questions
arising from design and construction will be resolved through BIM. Literature is replete with the integration
of BIM in construction activities resulting into higher productivity, efficient management of information,
ease of amendment, feedback/progress reporting/monitoring, continuity and greater control from conception
to close-out (24 ;25 ). Construction firms thus need to be poised for the needed requirements for proper
implementation. Some of the merits of BIM as a digitilisation-enhancement interface are as discussed below.

2.2 MERITS OF BIM ADOPTION AND ITS IMPLICATION FOR THE DIGITAL RACE

Building Information Modeling (BIM) is a three dimensional (3D) digital model showing the physical and
functional characteristics of a facility. BIM allows information (such as materials and components’ specifica-
tions, their locations, manufacturers’ details, construction techniques, maintenance, e.t.c.) to be fed into a
model right from the conceptualisation stage, thereby providing a platform on which subsequent information
can be presented for further improvement and project objective. As BIM incorporates information manage-
ment, the technology has remained an overarching one that collaborates the efforts of the stakeholders in the
supply chain in the industry and thus has been implemented by construction and engineering firms based
on its numerous advantages As a digital diary- BIM presents a repository of knowledge resource that can be
adopted, upgraded, re-cast and shared to enhance decisions and policy throughout a project life cycle (18 ).

The traditional or semi-traditional methods of building production are not only slow, but involve several
design review meetings, resulting into series of drafts and reworking which eventually lead to increase in
production time and cost (26 ). Through BIM, basic building elements replicated throughout a building life
cycle thereby integrating all the requirements for a sound and sustainable structure. This is made available
through a series of processes that offer a variety of themes and designs that can be presented for approval
and/or comment as the need arises As a result, a project owner experiences how the facility will look and
how its operation tend to relate with its surroundings prior to detailed design, in a three-dimensional format.
Unlike the old models that are line-oriented, BIM object-oriented nature offers ‘walk-through visualisations’
to assist clients in the decision-making process (27 ;28 ;29 ;30 ).

BIM is beneficial to a project promoter, the construction and the design team .Through BIM, the appropriate
data and views for respective users are obtained and evaluated to aid decisions.

The visualisation of construction sequence, when supplemented with practical information from the construc-
tion site and information from health, safety and environment (HSE) directives and legislation, is invaluable
in health and safety programs and preparedness, thereby enhancing the safety of operatives and processes
which will eventually contribute to quality (31 ;32 ; 33 ).With these information, construction process can
be examined, simulated and scenario-tested to eliminate or reduce risk of hazards and incidences. With
these information and other related ones in the archive, a knowledge tank can be gradually built for the firm
improved performance (34 ).

Time and cost savings are enhanced as BIM models provide additional information that reduces unnecessary
information clarifications or requests (28 ; 35 ). Still on the part of the contracting team, communication with
the workforce is enhanced. For instance, 4D BIM displays animated construction processes on screen thereby
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enhancing the series/stages of operations that operatives are required to adhere to or follow through. In ad-
dition, with the facility of visual representations, animation and simulation, buildability and constructability
is enhanced in all its shades and hues (36 ;22 ; 37 ).

BIM models and levels offer medium through which the wicked challenges that often result into alterations
can be resolved. The data bound to a virtual building model can be defined, analysed and parameterised by
the designer, with the ultimate goal of positively influencing building sustainability. The availability of all
these features at a go allows the project stakeholders to keep track of the relationships between the building
elements and their respective details when the need for usage sets in. Rather than having a series of meetings
with design team for a compromise to be reached, with a 5D BIM application, the client, project manager,
contractors and designers meet remotely to identify knotty issues and resolve such timely and appropriately
(38 ;39 ).

.

At handover, it is incumbent on the contractor to make available to the client a series of documents relating
to the way he structure is built. These will enhance the operation and maintenance of the facility to reduce
encumbrances. Nevertheless, it is the tradition to loose valuable information regarding the optimal mainte-
nance and operation of that facility during this transition (38 ; 40; 41 ). BIM models take care of these
challenges. in addition, the traditional facilities management systems can be linked to an existing facility ma-
nagement (FM) system to provide an accurate and complementary data set, that makes asset management
faster, more accurate and worthwhile (31 ). BIM’s data-laden, real-time platform is an ever-ready avenue
for maintenance scheduling, maintenance works which inevitably reduces money that would have been spent
should reactive maintenance becomes the order of the day (42 ; 41; 43 ).

2.3 BIM ADOPTION LEVELS AND THE NEEDED CAPABILITY

The transition from the traditional usage of the 2D environment to Computer Aided Design (CAD) and
drafting to BIM requires extensive efforts to migrate. One of the requirements is the adoption of a new
culture of using BIM. These cover a range of activities which are not limited to building new libraries/
templates of BIM models specific to a firm’s need, paying attention to certain legal risks, liabilities and
challenges that come with the benefits of using BIM, development of training programs for both new and
existing employees, developing standards and a common language and adopting new policies/procedures for
creating and sharing BIM models (44 ;45 ;33 ;46 ).

Culture has been defined, described and conceptualised differently depending on the context, the concept,
the systems/school of thought, the discipline, time and period surrounding its circumstances (47 ). 48
referring to the UNESCO (1982),widely recognised definitions for culture, sumarised it as the entirety of
complex but distinctive cognitive, immaterial, intellectual and emotional features that distinguish a group.
The authors further depicts culture as that concrete whole that allows critical judgment and a sense of moral
commitment, encourages discerning values, permits choices and decision making, enhances self-awareness
and tolerates seeking achievements untiringly and transcending limits.

Organisational culture is the culture of a social group which springs from the underlying assumptions and
beliefs of its members about what they share in common, how the group operates and consequently, how
they relate. This shapes their attitudes and their resultant behaviour, interpretation for better understanding
hence successful outcome in their environment (49 ). Consequently, firms transform through a combination
of intentional, unintentional processes; dynamic phenomenon created, enacted or shaped by leadership be-
haviour; with a set of structures, routines, rules and norms that guide the group towards a new situation
(50 ;51; 47 ). As leadership behavioural changes are necessary to achieve the goals and objectives set in any
organisation, their underlying beliefs though unconscious, but expressed in learned responses to problems of
external adaptation and internal integration, are of utmost importance (52 ;53 ).

Based on the impact of leadership on firm performance, the culture exhibited is considered as cultural
orientations. Cultural orientations are practices that are prevalent among construction firms’ leadership as

4



P
os

te
d

on
A

ut
ho

re
a

3
Fe

b
20

20
|C

C
B

Y
4.

0
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

58
07

42
29

.9
67

89
33

1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

part of the capability needed for internal and external integration. Based on a review of literature, fifty (50)
sentences describing different orientation of construction firms’ manager, founder or owner (leadership) are set
out under eight (8) major headings thus: client service orientation (CSO), conflict/dispute resolution (CDR),
environmental/external orientation (ENV), information and communication technology (ICT), innovation,
learning and knowledge management (ILKM), production orientation (PRO), task and goal accomplishment
(TAGA) and workforce orientation (WKF) (54 ;55 ;56 ).

Briefly, external/environmental orientation relates with the scanning of the business environment, gathering
information and making the provisions for the needed changes by matching the information received with
organisational capabilities and converting such to feedback that can be turned into adaptive capabilities,
hence competitive advantage (57 ). Innovation, learning and knowledge management entails the recognition
of both technological and non-technological innovation, transformation through research and development
(R&D) and upkeep with recent and best industry practices that are critical to the construction industry. A
major constraint to project execution is lack of awareness and knowledge. Therefore, knowledge repository
development and maintenance are of importance as the need for innovation will only be successful when
different stages of knowledge are fully communicated and understood through continuous learning .There are
supports on innovation as a major cultural factor affecting construction companies intention to digitilisation
(58 ;59 ).

Client orientation examines leadership dispensation towards achieving overall improvement. This capability
includes consideration for clients’ objectives, interest and satisfaction (60 ). Task and goal accomplishment
entails all firm’s contributions towards best practice and global competitiveness which requires investment
on autonomous systems rather than adherence to traditional methods. Consequently, goal accomplishment
is task-related and centres on management decision on the level of commitment or input to the task or work
to be executed as well as the decisions on what is right. Planning, job structuring, monitoring, working
environment and project benchmarking are subsets of accomplishment.

For production orientation, management leadership style in organising and controlling the production process
will be enhanced through automation. Issues relating to project plans and schedules, materials management,
safety, harmonious relationships, subcontracting and performance standards will be enhanced thus resulting
into less wastage, less time, better quality and better image .

The workforce of industry 4.0 requires better education, improved training, up-skilling and retraining. A
workforce that is adequately trained is better equipped, so will do more in less time. Factors such as com-
mitment, training and development, rewards and recognition, teamwork /team building and supportiveness,
employees’ participation are the variables in this orientation (61;56 ). Digitalisation enhances data assembla-
ge; therefore, communication channels should be unambiguous and reflect what is valued. Information and
communication technology considers the availability or lack of relevant information on materials, labour
and technology adoption, sophisticated tools for computerisation of office and site activities (62 ). Conflicts
are inevitable in construction and are destructive when not properly managed; however, a number of AI
variants are available for dispute handling and resolution (6 ). The variables for CDR include harmonious
relationship/interaction, clearly defined and allocated functions, building of relationships, means of conflicts
resolution are (26 ).

Apart from the culture requirements, the organisational/corporate strategy of the firm is of utmost im-
portance. In the field of strategic studies, it is imperative that firms determine factors that hinder or drive
performance (63 ). The adaptive capability within the context of this paper is the strategy that is set for
digitilisation with the main framework. Such ability is employed to acquire new resources, combine both old
and new in a value creating model( 64 ) . It describes a firms’ competence in knowing what the market expec-
tations are, altering its understanding in response to such alterations, expanding its boundaries and putting
in place the required resources that will correspond to the latest developments or expected developments (65
;66 ). It is a measure of the presence of available opportunity with the degree of preparedness in the firm
as well as the understanding of what the digital phenomenon requires as far as information and knowledge
exchange is concerned. The variables adopted are eight (8) namely: willingness and the resources to scan,
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retrieve, organise, share and store information digitally; the ability and resources to communicate, interact,
maintain relationships and collaborate using digital tools; the ability and resources to produce tasks/jobs
requirements with digital tools for the required level of understanding; the ability and resources to communi-
cate, collaborate, cooperate and network in a digital environment; the ability and resources to enhance and
promote autonomous learning and embed such in the vision statement; willingness and readiness of leader-
ship to organise, coordinate, manage team with multicultural diversity and spread in a digitally-coordinated
platform/environment; the ability to seek and engage clients that are digitally-oriented or canvass clients to
adopt digitally-oriented designs and construction techniques/products (67 ;68 ).

According to (37,39,71) with reference to the Efficiency and Reform Group (2011), the definition of the BIM
levels in the UK is as follows:

* Level 0 (also referred to as the Unmanaged CAD stage) employs 2D models using paper (or electronic
paper) as the exchange mechanism.

* Level 1 (also known as the Managed CAD in 2 or 3D format using BS1192:2007) uses a collaboration tool
that provides a common data environment with few standard data structures and formats.

* Level 2 (which is referred to as the Managed 3D environment) entails BIM tools with attached data, that
is commercially managed by an ERP. Level 2 extends into 4D programme data and 5D cost elements as well
as feed operational systems.

* Level 3( is the full-blown process of data integration that is enabled by web services compliance in con-
junction with IFC/IFD standards. This is managed by a collaborative model server known as integrated
BIM, that is iBIM.

3.0 MATERIALS AND METHODS

This study examines automation in construction firms as one of its readiness to the transformation in
industry 4.0. It relates building information modeling to digitilisation and presents it as a necessary plat-
form/software/technology that will aid the construction sector in attaining most of the advantages of artificial
intelligence as obtainable in other industries. As a result, a quantitative research approach was adopted.
This approach enhances determination of the relationship between facts derived in a study and the find-
ings/theories from previous studies, therefore paving ways for further inquiries. Leadership, culture, struc-
ture, strategy and the environment are some of the major factors that determine firms’ outcome, growth,
competitive advantage and sustainability. This study therefore assesses construction firms’ awareness and
adoption of building information modeling as a platform for the enhancement of digital transformation,
through the leadership of the firms. Construction firms thus become the population with construction man-
agers/owners/CEO as the sampling elements. The population was drawn from three lists of construction
firms totally 166. The sample size was calculated as 116 which were randomly selected.

Based on the review of the literature, a research instrument was developed. Culture was assessed as cultural
orientation. Eight orientations each with a number of sentences describing its contents were set up. The
statements range from 3 to 8 for all the eight sub-headings. A total of 50 statements were arrived at for the
eight orientations. For the strategic capability, eight sentences describing a firm’s awareness and preparedness
for transformation were developed. The transformation was measured as the level of awareness and adoption
of BIM. For this, three Likerts scales of low awareness, moderate awareness and high awareness (1-3) was
adopted. For the culture and structure, the respondents were requested to express their level of agreement
or disagreement on a 5point-Likert scale of 1-5 indicating strongly disagrees to strongly agree.

The Cronbach’s Alpha values for cultural orientation and strategic capability are 0.946 and 0.637 respectively.
The lower value obtained for strategic capability might be due to the lower number of the items measuring
the construct. The value of 0.637 though questionable is neither poor nor unacceptable (69 ). For further
reliability, the Bartlett’s test was conducted on the variables and were found satisfactory based on significance.
The results are hereby presented.
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4.0 RESULTS AND DISCUSSIONS

4.1 Tables 1 and 2 illustrate the result of the KMO and Bartlett’s Test for cultural orientation and strategic
capability respectively.

Table 1: KMO and Bartlett’s Test of Strategic Capability for Sample Adequacy

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.711

Approximate Chi-Square 425.386
Bartlett’s Test of Sphericity 28
Sig. 0.000

Table 2: KMO and Bartlett’s Test of Strategic Capability for Sample Adequacy

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .484

Approximate Chi-Square 2691.854
Bartlett’s Test of Sphericity 1225
Sig. .000

The results indicated that the research instrument was reliable with high internal consistency among the
items.

4.2. Factor Analysis On Cultural Orientations

Factor analysis was conducted on the 50 cultural orientations in order to test the factorability, as well as to
reduce the number of orientations to be considered in further analysis. Principal components analysis was
used because the primary purpose was to identify and compute composite scores for the factors underlying
the orientation. The orientations were tested for sample adequacy. The result of the factor analysis is
presented in Table 3.

Table 3: Factor Analysis on Extraction of Culture Orientations Component

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Cultural
Orien-
tation
Com-
po-
nents 1
2 3 4 5
6 7 8

Good
working
relation-
ship
with
subcontractors

.747

Emphasising
clients
interest

.731

7
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Cooperation
and as-
sistance
is
strongly
encouraged

.685

Being
account-
able for
the
quality
of work
done

.672

Satisfying
the need
of client

.669

Amicable
resolu-
tion of
chal-
lenges,
etc is
encouraged

.606

Availability
of
sophisti-
cated
ICT
tools

.812

Automation
of site
produc-
tion
activities

.761

Computerisation
of con-
struc-
tion
activities

.757

Practicing
seamless
commu-
nication
throughout

.731

Compensation
for a job
well
done

.772

8



P
os

te
d

on
A

ut
ho

re
a

3
Fe

b
20

20
|C

C
B

Y
4.

0
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

58
07

42
29

.9
67

89
33

1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Improving
employ-
ees skills
for
better
performance

.750

Capability
for de-
veloping
employ-
ees
potentials

.736

Communication
btw and
among
members

.700

Emphasising
team
building
/ com-
mitted
team

.681

Recognition
of
leaders
priori-
ties and
beliefs
towards

.743

Sourcing
for
informa-
tion
/alter-
native
ways

.703

Imbibing
cultural
values
to
aid goals
attainment

.637

Building
trust by
listen-
ing, and
accept-
ing
failure

.618

9
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Responsiveness
to
changes
in the
business
environment

.741

Emphasising
eco-
nomic
as well
as social
impact

.660

Venturing
into
some
oppor-
tunities
in the
market

.636

Providing
training
in
knowledge

.739

Provisions
of work-
shops on
knowl-
edge
management

.702

Punishment
for
immoral
and/or
unethi-
cal
conduct

.660

Reward
for a
new
achieve-
ment or
knowledge

.603

Conformance
to legal
provi-
sion in
contract
document

.778

10
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Adherence
to
project
plans
and
schedules

.775

Implementing
periodic
site
meetings

.758

Encourage
outsourcing/subcontracting

.631

Eigen
Values.

15.5 3.35 2.82 2.52 2.07 1.88 1.54 1.48

Percentage
of Variance

29.9 6.99 5.62 5.33 4.16 3.81 3.19 3.13

Number of
Factors

6 4 5 4 3 4 2 2

New
Components

CSO ICP WFM FLB EO KM PRO TGA

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

Extraction
Method:
Princi-
pal
Compo-
nent
Analy-
sis;
Rota-
tion
Method:
Varimax
With
Kaiser
Normal-
iza-
tion:Rotation
Con-
verged
in 8
Iterations

The result of the test of sample adequacy is as presented in Table 1. The KMO was 0.711 (which was above
the commonly recommended value of 0.6) with the Bartlett’s test of sphericity as significant (χ2 = 2691.854,
df 1225, p < 0.05). This is an indication that factor analysis was deemed to be suitable with all the 50 items
of cultural orientation (CO). The factor loadings of each statement of CO are as shown in Table 3. From
the Table, all the items have a factor loading value greater than .5 (which is the minimum acceptable value
for each item as implied by 70 Samuels (2017). Overall, the rotated component matrix indicates sufficient
loading on eight components described thus. The highly loaded factors on component 1 are six (6) as follows:
good working relationship with subcontractors (0.747), emphasising client’s interest (0.731), coordination
and assistance is encouraged (0.685), accountability for the quality of work done (0.672), satisfying the
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need of client (0.669) and amicable resolutions of challenges (0.606). These factors have a common theme
(Client interest); this component is thus termed Client service orientation. The 2nd component loadings
are 4 and include availability of sophisticated ICT tools, (0.812), automation of site production activities
(0.761), computerisation of construction activities (0.757), and practicing seamless communication. (0.731).
These factors are tagged Innovative construction processes. The 3rd component comprises 5factors ranging
from compensation for a job well done (0.772), improving employees’ skill for better performance (0.750)
capability for developing employees potentials (0.736), communication between and among members (0.700)
and emphasising team building/supporting committed team (0.681). The central notion here is on team
management, so the 3rdcomponent is referred to as Workforce management.

Component four consists of 4 factors namely: recognition of leader’ s priority and belief towards recruitment
(0.743), sourcing for information/alternative way of doing things (0.703), building trust by listening (0.637)
and enhancing user acceptance (0.618). This component is referred to as Founders/leader’s belief.

On component five, 3 factors were loaded thus, responsiveness to changes in the business environment (0.741),
emphasising economic as well as social impact (0.660), and venturing into some opportunities in the market
(0.636). This is termed External orientation.

Component six covers 4 loadings described thus: providing training in knowledge (0.739), provisions of
workshops on knowledge management (0.702), punishment for immoral and/or unethical conduct (0.660)
and reward for a new achievement /sharing knowledge (0.603). This component is referred to as Knowledge
management.

The 7th component loadings were conformance to legal provision in contract document (0.778) and adherence
to project plans and schedules (0.775). This is termed Production orientation .The 8th component factors are
also 2. These are implementing periodic site meetings (0. 77) and encouraging outsourcing /subcontracting
(0.631). This revolves round Task and goal accomplishment.

4.3 Prevalence of Strategic capability

Table 4: Prevalence of Strategic Capability in Construction Firms

Strategic
Capabil-
ity
Variables SD (1) D (2) MOD (3) AGR (4) SAG (5) MEAN STD SUM RANK

Communicate,
inter-
act and
collab-
orate
using
digi-
tally a
digital
environment

2 5 5 53 51 4.26 0.866 494 1

12
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Strategic
Capabil-
ity
Variables SD (1) D (2) MOD (3) AGR (4) SAG (5) MEAN STD SUM RANK

Leadership
capa-
bility
to or-
ganise,
coordi-
nate,
man-
age
team
digitally

4 3 10 55 44 4.14 0.932 480 2

Produce
job re-
quire-
ment
with
digital
tools
and
understanding

4 3 5 65 39 4.14 0.884 480 2

Commitment
to
human
capital
for
digital
transformation

2 5 13 56 40 4.09 0.884 475 4

Search
for and
organ-
ise or
share
infor-
mation
digitally

4 3 4 81 24 4.02 0.813 466 5

13
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Strategic
Capabil-
ity
Variables SD (1) D (2) MOD (3) AGR (4) SAG (5) MEAN STD SUM RANK

enhance,
man-
age
and
pro-
mote
au-
tonomous
learn-
ing and
embed
it in
vision

4 9 1 71 31 4.00 0.951 464 6

Seek
and
engage
clients
that
are
digitally-
oriented
or
canvass
clients
to
adopt
digitally-
oriented
techniques/products

4 3 13 68 28 3.97 0.879 461 7

Produce
com-
muni-
cate,
collab-
orate,
cooper-
ate and
net-
work
on a
digital
platform

9 2 12 62 31 3.90 1.066 452 8

Note:N=number of respondents (116). Interpretative scale: 1.00 [?] MS < 1.49 means strongly disagree
(SD), 1.50 [?] MS < 2.49 disagree (D), 2.50 [?] MS < 3.49 moderately disagree (MOD), 3.50 [?] MS < 4.49
means agree (AGR) and 4.50 [?] MS [?] 5.0 strongly agree (SAG). STD=Standard Deviation.
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Table 4 shows the prevalent dimensions of strategic capabilityi n construction firms. The results show
a general agreement among the firms’ leadership on the variables as measures of strategic capability to
automation and transformation in the industry. The first three most prevalent variables are the ability
and resources to communicate, interact and collaborate digitally , willingness and leadership capability to
organise, coordinate, manage team digitally as well as the ability and resources to make job requirements
with digital tools and enhance understanding. These first three variables are inter-woven, a firm that possess
the readiness and willingness to scan the environment for the needed information will only do so if there
is a leadership capability that supports such initiatives. Such information when gathered will then be
implemented to reflect positively in the business.

4.4 Level of awareness of BIM and Automation in Construction firms

The level of BIM awareness and adoption is as depicted in Figure 1.

[CHART]

Figure 1 shows that the ratio of low awareness to medium awareness and high awareness is 2:7:2. That is for
every five firms, at least one is on a low awareness, one on a high awareness level and 3 on medium awareness
level. This result is a bit promising as it is a shift on the results of laggards as recorded by previous studies
(39 ;71 ).

4.5. Test For Significant Relationship among Cultural Orientation, Strategic capability and
BIM Awareness/Adoption in Construction Firms

The objective is on the significant relationship among cultural orientation, strategic capability and BIM
awareness/adoption. The analysis was done using Pearson’s Product Moment Correlation. Apart from the
correlation between cultural orientations, no significant relationship exists between cultural orientations and
BIM awareness or between strategic capability and BIM awareness. Since a significant correlation could not
be established among the constructs, regression analysis was conducted on the variables, rather than the
constructs wholly, as presented in Table 5.

Table 5: Regression Analysis on Cultural Orientation and Strategic Capability Variables

Unstandardised Coef. Unstandardised Coef. Unstandardised Coef. Standardised Coef. Standardised Coef.

Variables B Std. error Std. error B T Sig.
(Constant) 12.276 3.801 3.801 3.23 0.048
Strategic vision for Digitilisation -0.085 0.549 0.549 -0.123 -0.155 0.886
Communicating interacting and collaborating digitally -0.896 0.226 0.226 -1.225 -3.964 0.029
Production Orientation
Facilitating harmonious relationship with other professionals -1.049 0.322 0.322 -1.365 -3.255 0.047
Workforce Development
Improving employees skills fo better performance -1.514 0.275 0.275 -1.962 -5.503 0.012
Compensation for a job well-done 1.157 0.241 0.241 1.634 4.798 0.017
Innovation, Learning and Knowledge Management Innovation, Learning and Knowledge Management Innovation, Learning and Knowledge Management Innovation, Learning and Knowledge Management
Sourcing for information /alternative ways of getting job done -1.223 0.365 0.365 -1.357 -3.349 0.044
Building trust by listening, taking risk and accepting failure -1.232 0.368 0.368 -1.426 -3.352 0.044
Information /Communication Technology (ICT) Information /Communication Technology (ICT) Information /Communication Technology (ICT) Information /Communication Technology (ICT)
Automation of site production activities 0.83 0.226 0.226 1.159 3.666 0.035
Availability of sophisticated and integrated ICT tools -0.555 0.178 0.178 -0.801 -3.116 0.053
Task / Goal Accomplishment
Inculcation of research and development in business plan 0.872 0.872 0.265 1.405 3.288 0.046
setting targets by comparing performances on projects 1.846 1.846 0.477 2.04 3.873 0.03
Setting target by comparing organization with similar structure -1.453 -1.453 0.488 -2.03 -2.977 0.059
Conflicts and Disputes Resolution Conflicts and Disputes Resolution Conflicts and Disputes Resolution
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Unstandardised Coef. Unstandardised Coef. Unstandardised Coef. Standardised Coef. Standardised Coef.

Cooperation and assistance is strongly encouraged -1.31 -1.31 0.353 -1.655 -3.711 0.034
Amicable resolution of challenges, claims, conflicts, etc is encouraged 2.195 2.195 0.404 2.683 5.43 0.012

The results on Table 5 depict the constructs as well as the variables that are significant in BIM and au-
tomation. Starting with the strategy, communication, interaction and collaboration digitally is significant.
For the orientations, production, workforce development innovation, learning and knowledge management,
information /communication technology, task/goal accomplishment, conflicts and disputes resolution are
all significant. For production orientation, facilitating harmonious relationship with other professionals is
significant. With workforce, two variables: improving employees skills for better performance and compensa-
tion/reward for a job well-done are both significant. Likewise, two variables namely: sourcing for information
/alternative ways of getting job done and building trust by listening, taking risk and accepting failure are
highly significant for innovation, learning and knowledge management. Information /communication tech-
nology (ICT) as an orientation also has two variables. These are automation of site production activities
as well as availability of sophisticated and integrated ICT tools.Task and goal accomplishment however has
three variables which are inculcation of research and development in business plan, setting targets by com-
paring performances on projects and setting target by comparing organisations with similar structure. In
addition, encouraging cooperation and assistance with amicable resolution of challenges, claims and conflicts
are significant in conflicts and disputes resolution. These results imply that organisational factors in form of
resources and adapative capability are precursors of firms’ outcomes. These results seek credence in previous
studies within the industry (63 ;68 ).

4.6 Regression Model for BIM Awareness

Table 6: Regression Model for BIM awareness

UnstandardizedCoef. UnstandardizedCoef. Stand.Coef. T Sig. F R R2 Adj.R2

Variables B Std. Error Std. Error
(Constant) 3.923 1.092 3.592 0.001 0.696 0.328 0.107 -0.047
SRA 0.253 0.189 -0.205 -1.339 0.186
PRO 0.135 0.334 0.092 0.406 0.686
WKF -0.094 0.196 -0.097 -0.482 0.632
CSO -0.445 0.293 -0.348 -1.519 0.135
ILKM -0.193 0.31 -0.159 -0.623 0.536
ICT 0.039 0.184 0.046 0.211 0.834
ENV 0.204 0.166 0.215 1.232 0.223
TAGA 0.19 0.228 0.187 0.835 0.407
CDR -0.038 0.188 -0.04 -0.203 0.840

*P<0.05, 95% Confidence level, P<0.01, 90% Confidence level. SRA =strategy, PRO=production orien-
tation, WKF= workforce orientation, CSO=client service orientation, ILKM=information, learning and
knowledge management, ICT=information and communication technology, ENV=environmental/external
orientation, TAGA= task and goal accomplishment, Durbin-Watson =1.534

The result of regression model for BIM awareness is shown on Table 6. Though the Durbin-Watson value is
greater than 1 (DW=1.534), the constructs only explain 10.7% of BIM awareness and adoption. This result
implies that despite the general agreement among the respondents on the various orientations and strategic
capability, the effect on automation and transformation is still at the infancy stage. This is evident from the
regression model whereby only 11 percent of the digitilisation efforts are from the culture and the strategy
adopted. This is also explained by the lack of significant correlation among the constructs.

16



P
os

te
d

on
A

u
th

or
ea

3
F

eb
20

20
—

C
C

B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

07
4
2
29

.9
67

89
33

1
—

T
h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

5.0 CONCLUSION AND FURTHER STUDIES

This study examined the culture and structure that could enhance BIM adoption for transformation of the
construction industry. The results revealed a general agreement on the variables as measures of cultural
orientations and strategic capability. However, there was no significant relationship between the present
orientation, that is the culture and the transformation drive or between the strategy and the digitilisation
requirements. The awareness is low for some firms but medium for more than 50 percent of the firms.
Consequently, a model of digital transformation could not be developed based on the existing culture and
strategy. The study has just been able to establish that the awareness and adoption of BIM as a tool for
transformation depend partly on the firm’s leadership and partly on the client and the prevailing construction
environment.

Based on this, the firms need to harmonise culture with strategy. For instance, the strategy adoption in
communication, interaction and collaboration should be enhanced more digitally. While specific variables of
production management; workforce development; innovation, learning and knowledge management; informa-
tion /communication technology; task /goal accomplishment; conflicts and disputes resolution are significant,
the case is different for client service orientation as well external/environmental orientation. The near 89
percent contribution that is deficient in the model prediction could be partly from clients’ and environmen-
tal orientations. BIM as advancement on 2D and Autocard requires newer skills and a cultural change, a
situation in which the environment or the client is not supportive will not yield the necessary result. There
is a need therefore for joint awareness on importance as well as the provision of training for all and sundry
on the need to adopt BIM while the government and other relevant bodies make provisions to cushion the
effect of the cost-inherent in the transition journey.

5.1. Limitation of the Study

This study briefly reviews literature on transformation tools in the industry and argues that the introduction
of BIM will facilitate the adoption. The study is limited to the views of selected professionals on fewer
variables culture and strategy as parameters of BIM adoption. Future researches are to be conducted
objectively for better understanding and insights.
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