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Abstract

Building Information Modeling (BIM) is recognized globally as a technology that can
enhance the efficiency of construction projects across design, construction, and maintenance.
However, its adoption is lagging in many developing countries. Hence, this study examined
BIM adoption in the Nigerian building industry with a view to enhance stakeholder
collaboration. It adopted a cross-sectional survey in six cities of southwest Nigeria: Ikeja,
Ibadan, Abeokuta, Akure, Ado-Ekiti, and Osogbo. The survey targeted four different
building industry (Architectural, Structural Engineering, Quantity Surveying, and Building
Contracting) firms. The questionnaire survey was conducted among the sampled 740 firms in
the study area, with a return rate of 88.6%. The data obtained were analyzed using IBM-
SPSS statistics for the descriptive, relative importance indexes, factor analysis, and Krustal-
Wallis test. The result shows that the level of BIM adoption in the study area is low (32%)
although the awareness level is high (72%). The respondents’ firms use BIM-compliant
software across the various stages of project execution but it is predominant at the design
stage (69%), followed by the construction stage (19%), and then the maintenance/operation
stage (12%). The Kruskal-Wallis tests revealed that except for one (provision of training by
employers) out of the ten identified critical success factor CSF and seven (out of 32)
identified benefits; there is no statistically significant difference in the perceptions of the four
firm types. Reduce Rework in Construction (RII = 0.976), Improve Project Quality (RII = 0.962),
and Minimize Errors and Mistakes (RII = 0.956) are found to be most three BIM benefits. The factor
analysis result grouped the 39 identified barriers into five major factors: human-factors group
(21.50%), management-factors group (19.88%), technological-factors group (15.81%),
project-factors group (10.70%), and external-factors group (9.86%). The study concludes that
although the knowledge of Nigerian building industry firms on the BIM concept is moderate,
the level of adoption is relatively low. It is thus recommended that BIM CSFs be
strengthened.

Keywords: Awarentess, ‘Adoption, Building Information Modelling (BIM), Nigerian building
industry

Word Geunt: 300
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Chapter One

Introduction

1.1 Background to the Study

Building industry is one of the largest global industries but also one of the most disjointed
systems. It is an industry characterized by a multidisciplinary group of people undertaking a
unique project necessitating a high level of coordination !. To confront the coordination
issues, advances in Information and Communication Technology (ICT) have been developed
as a tool. This is to improve the industries’ historically low productivity > During the last
three decades 1990 - 2020, the building industry has witnessed drastic improvements by
adopting ICT. The latest and most promising ICT development is Building Information
Modeling (BIM) 3. The International Standard Organization (ISO) defines this platform as a
“shared digital representation of physical and functional characteristics of any built object”
capable of providing a reliable basis for decision-making. Depending on the context and
purpose, different definitions of BIM can be found in the literature *. However, the concept
of BIM has no generally accepted definition due to its evolving nature because new frontiers

are creeping into the boundaries of its definition .

Various definition of BIM exists, each of them characterized by certain key points, which
include “product”, “process”, “technology”, “innovation”, “and strategy” 6. It was further
explained that BIM involves the process, policies, and technological interactions to produce a
methodology for managing the defects of building design and project data in digital format or
virtual through the building life cycle 7. Furthermore, it is believed that BIM connects all the

professionals in the building industry, thus allowing information sharing within the project

context (Figure 1 Appendix II). This practice promotes collaborative work among



professionals such as architects, Construction contractors, surveyors, designers, and clients
on a common information system 8. Likewise, BIM can be described as a tool that enables
the storage and reuse of information and domain knowledge throughout the lifecycle of the

9

project °. To integrate and coordinate information and knowledge between different

disciplines, BIM application is the main key to establishing a collaborative sys(-a&\in the

(O

A BIM model comprises both the 3D geometry of each building ele@%& well as a rich set

building industry.

of semantic information provided by attributes and relations@s shown in Figure 2
Appendix II '% There are numerous applications of BINQ tion but a few with design
coordination, energy performance simulation, schS@ing and quantity take-off, clash
detection, and 3D visualization. Countries hav adopting BIM at different levels and
with different purposes, having different&%\g’énces in terms of benefits, depending on the

before the adoption. For example, the McGraw

adoption level and possibly their c‘h&égtu&e

Hill Construction study disclo@ne substantial benefits of adopting BIM in Australia and
New Zealand 8. Thes@de the reduction in rework, business reputation, effective

management of wn&tion time and cost as well as a reduction in errors and omissions !!.

The rationehind BIM adoption varies from country to country; however, there are
com%%)als among most countries. These include improving the industry’s productivity
and unifying its standardizations by changing its way of working '2. BIM has now gone
beyond a concept for building design and construction; it is fully into the infrastructural
development process. Bentley has been developing highly sophisticated BIM tools for the

engineering of infrastructural design and construction processes and it is generating

2



acceptance throughout the construction and facility management sector. The same can be

noticed with Autodesk in recent years '3.

Developed countries” BIM awareness has become nearly universal and its adoption and
implementation are currently dynamic, though there is generated argument on its clarity in
adoption level or stage 4. In some countries, the introduction of the BIM metth%ready
at an advanced stage. Singapore, Finland, Korea, the USA, the UK, and Aﬁﬁ/@are among
the early pioneers. In all these countries, the government and its sub@gx authorities play a
key role in fostering the introduction and adoption of BIM. As @ck as 2004, Singapore
already made it obligatory to submit construction docum public construction projects

via an Internet platform to increase productivity in th;é@tstry by 25% 5.

Moreover, The United Kingdom (UK) gove%% mandated the use of BIM on all publicly
procured projects using 2016 as the g@n a bid to reduce cost in the industry by 20%;
this gravitated towards a 33% red&%n\ in cost, subsequently 50% reduction in time, 50%
reduction in greenhouse e .@n, 50% reduction in the trade gap, as targeted for the
construction industry in\@year 2025. This mandate has motivated BIM adoption in the UK
construction mQ./géJ In the United States, the US General Services Administration has
pioneered t@mplementaﬁon of BIM on public projects leading to a proliferation of BIM

adop@ the country. South Korea also mandated the use of BIM on projects over S$50

million for all public projects '°.

Similarly, countries such as Malaysia, Hong Kong, Canada, Australia, and China have

embarked on various strategies for the proper implementation of Building Information



Modeling in their construction industries !7. However, most developing countries except for
Malaysia have been reportedly slow in the adoption and implementation of BIM '3, The
Nigerian building industry, like most developing countries, is regarded as a 'BIM infant
industry’. This is despite the Nigerian building industry being the largest in West Africa. In
Nigeria, it was found that the adoption of BIM is low while the awareness level is ﬁ&)nable

(O

Moreover, in the Nigerian building industry, it was reported thé%ﬁpite the boom in

19

construction, the implementation of BIM is low, especially amo@l contractors 2, It was
asserted that, despite the industry being bedeviled wit s of problems such as cost
overrun, time overrun, project abandonment, ine@hcy, low productivity, and other
associated problems, all attributed to the defiei in communication and collaboration
among the professionals in the building @Q , building information modeling which has

ther developed nations is yet to be embraced 2'.

come to ameliorate these challengei é;\}b
Furthermore, the lack of go. %ﬂ support and awareness, lack of guidelines or strategies
for implementation, an@ high cost of implementation were identified as the cause of the
slower rate of {fiéen f BIM in developing nations, particularly Nigeria 22. Therefore, the
adoption of@/l has remained a challenging task in Nigeria due to the significant level of
char%%nagement required the overcoming of individual resistance, and being comfortable

with the existing traditional methods. Hence this research seeks to examine the current state

of BIM adoption and optimization of its usage in the Nigerian building industry.



1.2. Statement of the Problem

The building industry is a unique one with its unique challenges. One of the challenges is the
problem of fragmentation. The professional stakeholders operate in silos with a full
monopoly of information. As a result, the sector suffers from inefficiencies and poor
performance, project time overrun, cost overrun, risk/safety management issues, amd&nlding
collapse. These challenges are mainly attributed to corruption, | @‘zion and
communication gaps, and faulty design 23. It was further stated that, of: tgg causes of the

challenges facing the building industry, communication and co n deficiencies are a

principal factor 4. 0

Many researchers have investigated many approache%@can help to eliminate or bridge the
information and communication gaps and a strengthen the collaboration among
building professionals 2>2%27, Building I@s‘;mn Modelling was discovered to be the most

[ ]
effective and efficient because it enc@l&ﬁs s and incorporates all other efforts 2. Developed

countries’ BIM awareness has@ne nearly universal and its adoption and implementation
are currently dynamic,%g\there is generated argument on its clarity in adoption level or
stage 3> 33, Howe@ere remains a long way to go in most of the developing countries
especially ]\&gc}“. It is imperative to note that the challenges of BIM implementation in
Nigeria@lding industry have led to the slow intake of BIM. Therefore, to overcome these
barriers”to effective BIM adoption in the Nigerian building industry, further studies are

required to devise strategies for improving BIM implementation, examine its benefits, and

analysis of BIM influencing factors 33,



Lastly. Prior research on BIM adoption in Nigeria has concentrated on the northern and
central areas, with minimal attention to the southwest region 2! 3% 40 It is against this
background that this research is designed to examine the present status of BIM adoption, the

factors influencing its adoption, and the strategies to enhance its uptake in the building

industry in southwest Nigeria. é
1.3 Aim and Objectives of the Study < O
This study aimed at examining the current state of BIM adoption @&Nigerian building

industry with a view to improving design quality, construction @cy, and overall project

outcomes. QO
The objectives are to: &Q

O

i.  examine the common BIM softwar&{@cations used by building firms in southwest
Nigeria. E—@
il.  assess the awareness ]leof BIM use across the building stages in the building
industry in sout@ igeria.
iii.  identify, .e® of usage of BIM across the building stages in the building industry
in so@west Nigeria.
v. \&luate the factors that influence the adoption of BIM in the building industry in

southwest Nigeria.

v.  analyze the significant BIM benefits in the building industry in southwest Nigeria.



1.4 Research Questions

1. What are the common BIM software applications in the building industry in

southwest Nigeria? \

2. What is the level of awareness of the building industry firms of BI&J cross the

building stages in southwest Nigeria? /\
3. To what extent is BIM deployment in the building indust%outhwest Nigeria?

4. What are the factors that influence the adoptlon@ in the building industry in

southwest Nigeria? 2 fb

5. Are there significant benefits of Blon in the building industry in southwest

Nigeria? . s&

1.5 Significance of the Study &

This research arose fro%@ easing interest in minimizing the construction challenges in
the building 1nd1.1;‘&1d the perceived effectiveness of BIM in achieving this goal and
increasing o@ty. A critical review of the limitations in relevant research that has been
undertal%ﬁ;ﬁe Nigerian building industry showed that there is a need for further research
in th&ea. The literature reviews also showed that none has carried out a broad evaluation
of the industry nor does the combination of the articles concerning the current status of the
adoption of BIM. All the previous research concentrated on trying to assess BIM within a

limited profession or location. Therefore, this research aimed at examining the current state



of BIM adoption in the Soutwest Nigeria building industry with a view to fine-tuning

collaboration among the building industry stakeholders. The following benefits are expected

to be derived from this study:

1.

Contributing to knowledge: The study filled the existing knowledge gap by providing
empirical evidence on the current state of BIM adoption in the building industry of
Southwest Nigeria. This research would contribute to the existing b& owledge

on BIM adoption, particularly in an understudied context like Wa.

Identifying barriers: The research identified the barriers lenges faced by the
building industry in Southwest Nigeria in adoptin technology. Understanding
these barriers is crucial for policymakers, ind ofessionals, and researchers to

develop appropriate strategies and interven@o overcome these challenges.

Promoting efficiency in constructio\ technology has the potential to enhance
the efficiency and productivi onstruction projects. By assessing the level of
BIM adoption in Southwé%geria this research provided insights into the current
efficiency levels ntlﬁed areas for improvement. This could result in cost and

time savmgs or Construction projects, leading to increased competitiveness and

econom@s'elopment in the region.

4. SL% ng policy formulation: The findings of this research would guide

\30 icymakers and regulatory bodies in formulating policies and regulations related to

BIM adoption in the building industry. By understanding the current state of BIM
adoption, policymakers can develop targeted policies and incentives to encourage
wider adoption of BIM technology, thereby promoting innovation and technological

advancement in the construction sector.
8



5. Informing training and education programs: The study would provide insights into the
skills and competencies required for successful BIM adoption in Southwest Nigeria.
This information could be utilized to design training and education programs that
cater to the specific needs of industry professionals and students, ensuring that they
are adequately equipped with the necessary knowledge and skills to impl t BIM

(O

Overall, this research on Assessing BIM Adoption in the Buildin, ’Sbstry in Southwest

technology effectively.

Nigeria has substantial significance in contributing to know@, identifying barriers,

promoting efficiency, enhancing collaboration, supportin vy formulation, and informing

training programs. Its findings would positively g&‘&he building industry in Southwest

Nigeria, leading to improved project outcomes

@3‘6

The scope of this study encompas \n in-depth assessment of the adoption of Building

stainable development in the region.

1.6 Scope of the Study

Information Modelling (BIM)@ building industry within Southwest Nigeria. This covers

design, building/consts@g and operation/facility stage of project works.This study

specifically focgis@ limted to the Southwest region of Nigeria, which includes states

such as Lag%

constru%{bﬁctivities and economic importance.

Ogun, Osun, Ondo, and Ekiti. This region is chosen due to its significant

1.7 Limitation of the Study
This study is limited to the Southwest region of Nigeria, which may not fully represent the
broader context of Building Information Modelling (BIM) adoption across the entire country.

Variations in regional practices, regulations, and cultural attitudes towards technology may

9



influence the findings and limit the generalizability of the results to other areas of Nigeria or
similar developing contexts. In addition, the research did not cover the adoption of BIM in
other sectors such as civil engineering projects (e.g., roads, bridges) or other industries

outside construction (e.g., manufacturing, oil and gas).

By clearly defining the scope and delimitation, this study aimed to provide a ﬁed and

manageable investigation into the adoption of BIM in the building indu@ Southwest

Nigeria, offering valuable insights and recommendations for enhanci ’%Q\/l implementation

in this region %
1.8 Operational Definition of Terms Q
Building Information Modelling (BIM): A ve b@term that describes the process of

creating a digital model of a building or other such as a bridge, highway, tunnel, and so

on) using object-oriented information ’\%\

BIM Collaboration Format (B@i n open file format based on XML that allows adding

comments to an Industry F@%on Classes BIM model.

BIM Execution .P@EP): A developing strategy prepared by suppliers that comprises a

pre—contracl%ﬂc\qxcution and then a post-contract BIM execution plan

BIM N@ty Levels: the levels of complexity and collaboration that building information

modeling can take

BIM Protocol: A supplementary legal agreement that can be incorporated
into professional services appointments, construction contracts, subcontracts and novation

agreements.

10
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BIM Task Group: Bringing together expertise to strengthen the public
sector's BIM capability and provide the information the industry needs to meet

the government's BIM requirement

BS 1192: Collaborative production of architectural, engineering, and construction

information. Code of practice. Q\

BS 1ISO 16739: Industry Foundation Classes (IFC) for d@/ sharing in

the construction and facility management industries 0

BS EN ISO 19650: Organization and digitization of infon@n about buildings and civil

engineering works, including (BIM). Information man@t using modeling
CAD: Computer-Aided Design ’66%

CAFM: Computer-Aided Facility Mana@h;
Clash Rendition (CR): A renditiﬁ&%a building information model specifically to avoid

clashes in spatial co-ordina@

Common Data El&ﬁnt (CDE): The single source of information for the project, used

to collect, mana and disseminate documentation, the graphical model and non-

graphical or the whole project team

Const\r{ction Operations Building Information Exchange (COBie): A non-proprietary
multi-page, spreadsheet data format for the publication of a subset of building information

models focused on delivering asset data rather that geometric information

Data: Information that has not been interpreted
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Data Drops: Information of a particular format and level of detail issued to the client at pre-

defined stages of a project. Also known as information exchange

Design Intent Model: The initial version of the project information model (PIM)

DWG: AutoCAD file format :’\

DXEF: Interchange file format %

Employer's Information Requirements (EIR): Set@ the information required by

DGN: Micro Station and Intergraph file format

DWEF: AutoCAD Design Web Format

the employer aligned to key decision points or pr@%ges, enabling suppliers to produce

an initial BIM execution plan from @thelr proposed approach, capability |,

and capacity can be evaluated %

Federated Building Informatl%’@Odel An assembly of distinct models to create a

single, complete bulldn@ﬁanon model of an asset

iBIM: Integrated, ing Information Model, or Level 3 BIM
ICT: Infom@)n and communications technology

Indu\& oundation Classes (IFC): A neutral, non-proprietary data format used to describe,

exchange and share information
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Information Delivery Manual (IDM): Specifies when certain types of information are
required during the construction of a project or the operation of a built asset. Now known as

the buildingSMART standard for processes

Information Exchange: Information of a particular format and level of detail issued to

the client at pre-defined stages of a project. Also known as data drop Q\

Information management process (IMP): Procedures implemented/{%yage the asset

information model. Q

Level 0 BIM; Unmanaged computer aided design (CAD) i@ding 2D drawings, and text

with paper-based or electronic exchange of information @Nithout common standards and

Processes 6er

Level 1 BIM: Managed CAD, with the\\ﬂgasing introduction of spatial coordination,

standardised structures and formats aésg es towards Level 2 BIM

Level 2 BIM: Managed SDQ%ronment with data attached, but created in separate

discipline-based modelssQ

Level 3 BIM: Qﬁ@ collaborative, online, project model with construction sequencing
(4D), cost ({ and project lifecycle information (6D). This is sometimes referred to as

"iBIM! (@grated BIM)

Standard Method and Procedure (SMP): Defines how Information is named, expressed

and referenced.
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Chapter Two
Literature Review

2.1 Conceptual Review

2.1.1 Nigerian Building Industry \

One of the largest industries in the world is the building industry. By 2020 @s rojected
to represent approximately 15% of the world's Gross Domestic Produ&(} , up from the
current estimate of 6% !. With a difference of 3.81% over 30 sthe Nigerian building
contribution to the GDP at the end of 2011 was only ove@, which is statistically low
compared to its record contribution of 5.8% in 1981 Z@e te the industry's erratic growth
(both positive and negative), the Central Bank of (Q‘a (CBN) estimated that it contributed
3.7% to Nigeria's GDP in 2018 °. In compat\@’gthe 2011 growth rate of 1.99%, there has
been significant growth. The buildin?\(& try has yet to fully realize the potential of the

present, despite the economic de@fogents that are occurring today in almost every area *.

Nigeria's GDP measun@m\have changed over the past several years, and it has been
asserted that the-\ g sector there provides 3 to 5% of the country's GDP °. However,
regardless o%gr{on's level of economic growth, it is established that the building industry
isa cru%’lélrt of every nation's economy °. Additionally, the building industry is one of the
largest employers, accounting for around 10% of the labor force in most nations 7. As a result,
the building sector is one of the key sectors that contribute to the socioeconomic

development of any nation, especially emerging economies.
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Large-scale infrastructure and building projects in Nigeria are mostly commissioned by the
federal and state public sectors. They occasionally use a design-and-build (turnkey project)
contract but typically only do so when they are acquiring construction work ®. In contrast, the
public and private sectors are mostly responsible for the growth of the housing sector;
depending on the area (state) in Nigeria, they alternately provide housing to the population °.

Furthermore, statistics show that the majority of Nigeria's rental housinE @ ided by

private landowners '°. /\

2.1.2. Major Construction Professionals in the Nigerian Build%ndustry

The industry is regarded as a skilled one that calls for a Q @level of education, training,
and experience ''. In the building industry, there are pg@sprofessionals. Architects, builders,
engineers (civil, electrical, and mechanical), %b&urveyors and valuers, land surveyors,
quantity surveyors, and town planner: among the construction industry's active
professionals in Nigeria ', Similar &}ﬁhe most important professionals in the building
construction industry include &cts builders, engineers (civil, electrical, and mechanical),
land surveyors, and @% surveyors. The most active professionals, however, are

architects, bulldem& project managers or construction managers), engineers (civil,

electrical, a goﬁamcal) and quantity surveyors '*

The %Qunportant players in the construction industry are the experts who work in the field,
such as architects, contractors, structural and MEP engineers, and quantity surveyors. These
professions are governed by several bodies and function independently of one another.
Architect Registration Council of Nigeria (ARCON), Council of Registered Builders of

Nigeria (CORBON), Council for the Regulation of Engineering in Nigeria (COREN), and
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Quantity Surveyors Registration Board of Nigeria (QSRBN) are the certified professional
organizations in charge of the registration and regulation of the professions and their

activities.

However, coordination of these organizations and their extensive associations is not handled
by a single governmental agency '*. Therefore, this seems to be a setback Q&ustrial
cooperation. This implies the existence of a body tasked with coordinati%}@operations,
procedures, and new common practices of the sector. Buildings re@& large workforce,
including individuals from many different industries and prof@s. Realizing a project
requires a skilled project team from the point of VQQ project management. The
professionals in construction who make up this tear?be hose who were mentioned above.
Since they are accountable for any damage t ééy occur within their specialized field
during the construction, the necessary %@onals in each part of the work, including

osely examined °.

design and construction, or both, sl@é

The following professions @rther discussed for the sake of this study and its context:
architects, builders (in ir capacities as project managers or construction managers),

engineers (civi]éli&%ic 1, and mechanical), and quantity surveyors.

2121 A ct

Invowm the planning, design, and construction of a building is an architect, a professional
in the building trades who has studied architecture. A building's concept and detailed design
are produced by an architect after gathering information and translating a client's brief into

account all pertinent requirements. Environmental, mental, anthropometric, and building
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codes are a few of these requirements. The expert is the client's initial point of contact, and
he or she translates the needs and requirements of the user into a detailed drawing with
specifications '°. All of the building professionals collaborate with an architect's concept to
develop their respective areas of work, making the architect the profession with the greatest
range of skills. He is also regarded as a primary (lead) consultant during the d%n and
execution phases '’. A government entity, the Architects Registration Co Q Nigeria,

Q professional

registers and regulates these professionals (ARCON). There is/%o

organization or association called "The Nigerian Institute of Archi IA)."

At both the design and construction stages, the architect i sible for the following tasks:
conceptual design based on the needs of the client, ited design (in drawings and specs),
planning, and building construction oversight é.ltside of being a construction project

leader, the architect may also serve as a pr: j&te‘anager on occasion.

2.1.2.2 Builder \C;\\'

A builder is also a buildin .o$%ction expert who is mostly involved in the building and
maintenance stages OQ)uilding. A builder is a professional in building production
management u@d mic training up to the bachelor's degree level '°. The Institute of
Building, W@ eventually became The Chartered Institute of Building, served as the initial
deval%gmt hub for this profession in Great Britain (CIOB). In the UK, people who work in
this field are typically referred to as construction managers 2°. The Federal Republic of
Nigeria's 1990 laws support the registration and regulation of the professions by the Council

of Registered Builders of Nigeria (CORBON), a government entity (ACT CAP 40).
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Additionally, establish "The Nigerian Institute of Building (NIOB)" as a professional

organization or association.

The builder's responsibilities include ensuring that the construction project can be built,
creating and ensuring the success of the project quality management plan, developing and
ensuring the project health and safety plan is followed, and creating and @bg the

construction methodology is followed *'. <

2.1.2.3 Engineers (Civil, Electrical and Mechanical)
Civil, electrical, and mechanical engineers constitute th %eermg family that has
dominated building design and construction. For all of t@lldmg s structural components,

the civil engineer is in charge of analysis, design} onstruction oversight. Roof trusses,

foundations, slabs, beams, columns, and@geotechnical studies are some of these
components. Roads, bridges, dams, .aq&her forms of infrastructure development are all
included in the scope of civil en&ﬁaring, which is not just confined to building-related

construction 22

Engineers for serv1 eger to both mechanical and electrical engineers combined. The
design and VG@ of the structure's electrically-related components fall under the purview
of the elecfpical engineer, a qualified individual. The water and liquid waste disposal systems,
on twer hand, are the purview of the mechanical engineer. The service engineers' duties
extend beyond building-related construction; they also work on other infrastructure projects

including power plants, water projects, factory construction, etc. 2*
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The Council for the Regulation of Engineering in Nigeria (COREN) is an administrative
organization that was created by military order 55 in the early 1970s and then modified by
decree 27 in 1992. Under the "Engineers (Registration, etc.) Act, CAP E11 of 2004," the
COREN is now governed. In addition to registering certified engineers to work as engineers
in the Federal Republic of Nigeria, COREN is also in charge of registering and everseeing
engineering firms operating in the nation. Nigerian Society of Engineers ( Q'he name
of the professional association for engineers, and the Nigerian Instit oidvil Engineers
(NICE), Nigerian Institute of Electrical & Electronic Engineers d Nigerian Institute

of Mechanical Engineers are the organizations for engineers individual basis (NIME).

2.1.2.4 Quantity Surveyor (QS) er

Britain was a pioneer in the field of quantity ing. The quantity surveyor (QS) is a
member of the construction sector whc@\gmpleted quantity surveying coursework. A

quantity surveyor is an expert whoG)%ﬁr s the quantities and costs of proposed building

N

works %%, He also assures th“gtient use of financial resources and cost control in the
project's 2°. Every cow@of the work's cost implications and variations' consequences
can be developed i&e quantity surveyor 2°. The government organization in charge of

registering %gsdonals engaged in quantity surveying work in Nigeria is known as the

Quantitéb/eyors Registration Board of Nigeria (QSRBN).

From a project's early planning stages on, the QS plays a variety of functions. Cost
estimation for materials, labor costs, a schedule of building materials, value engineering, cost

planning, cash flow payment, cost-benefit analysis, creating a bill of quantities, work
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variation and cost performance, on-site materials, valuation for payments, and lifecycle

costing are all among the roles that fall under the purview of quality assurance *’.

2.1.3 Challenges in the Nigerian Building Industry

The most prevalent and important difficulties facing the Nigerian construction sector include
fragmentation, underperformance, time and cost overruns, conflicts, and buildQ%llapse.
For more than ten years, these difficulties have remained. A terrible circum§ta hat instills
terror in the public is the building collapse **. Numerous probl@uch as ineffective
cooperation, subpar or unsupervised construction, and flawed str%ﬂ design, were cited as
the root causes of this threat >°. For instance, a study col a for the ten years (2000 to
2010) of building collapses in Lagos State alone, %@Gcovered that out of the 54 fallen

buildings, 37 were the result of associated struc roblems *°. Even so, not much has been

done to address these issues and the harm IB\%)% 3,

R
Due to poor communication among\ga\players in the construction sector, effective delivery
of a construction project i.bﬂ@eria (on time and within budget) is becoming unfeasible.
Time overrun is anotth result of poor or ineffective communication in the sector *.

[ ]
Most construct@ jects in Nigeria are delivered late (behind time), with rework, and at a

cost that is @r than what was budgeted for **.

More , In-situ or on-site production reduces quality and generates more waste during the
construction phase. Working with full materials on-site was found to be one of the primary
causes of waste; the main causes include offcuts, oversupply, and inadequate recycling **. A

study provided evidence of the efficiency and speed with which prefabricated components
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can be used in home construction. However, complaints about exorbitant costs were made
right away because of how expensive the machinery was. Large amounts of waste are
produced each year by construction and demolition, with this category accounting for around
30% of waste creation *°. Contrarily, it was reported that offsite construction in Nigeria is
still in its infancy and that the bulk of Small & Medium Enterprises (SMEs) ar@% at all

(O

The business climate in Nigeria is a contributing factor to some of l@’&ustry's difficulties.

embracing contemporary construction techniques *°.

A thorough analysis of the Nigerian construction market ind@ significant flaws and
dangers, including rampant corruption, lax intellectual pr rotection, and a reliance on
the government for big projects. Additionally, the se% perienced a structural issue that is
thought to be one of its key barriers to success 3@industry’s structural difficulties may be
the root of its fragmented structure, %%\hgresults in poor information exchange and

collaboration .

[ ]
communication as well as a lack of@‘l
Building collapse, subpar .r$ts, project delays, and cost overruns are, in short, the
industry's major on @ difficulties in Nigeria. Fragmented teamwork, inadequate
information ge@ Jtransmission, and management are blamed for these difficulties *°.

As a result @sector needs a better workflow that would promote information management

and ﬁ%r@wrk.

2.1.4 Efforts to Improve Productivity in the Building Industry
Many researchers have investigated many approaches that can help to eliminate or bridge the

information and communication gaps and as well strengthen collaboration among the AEC
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professionals resulting into improved productivity % 4> 42, It was also revealed that there
have been emerging paradigms and technologies (e.g. lean construction, Building
Information Modelling, Automation, Artificial Intelligence, etc.) over the years
aimed at combating the myriad challenges of the industry and thereby improving the
outputs and achieving value for money **. The phenomenon of low productiw'xin the
construction industry is well recognized and a number of managem: ms and
techniques were developed to improve the overall productivity of the«nst ction industry.

Some of these efforts are briefly introduced in the following sub-%@ 44,45,

2.1.4.1 Lean Construction QO

Lean construction is a management strategy that e@sizes value-adding activities while
minimizing or eliminating unproductive work tivities “°. The Toyota manufacturing
system, which promotes concurrent a d\\&tinuous development of the construction
processes with minimal cost and .eﬁ;xxfh m value, is one example of an industry that
provided inspiration for the, i@ lean construction *’. Lean construction's fundamental
tenet is to cut back onyno %}m-adding tasks like waiting for permissions, for materials to
arrive, etc. that d@\\'('*‘mediately increase the productivity of the building process. Lean
constmction&&gniﬁcanﬂy increase production by reducing labor hours and time waste, as
demons@% by a number of writers ** 4% 30, However, this is a management style that
nece&gtes partnering and strategic collaborations among construction stakeholders, which

is challenging to implement in a standard project context.

2.1.4.2 Pull Flow or Pull Construction
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Pull construction is a different application of the lean construction philosophy that promotes
using the least amount of time possible for building component production and detailing to

reduce rework and last-minute adjustments °'

. This works well because the precise
specifications and requirements for installations and equipment are sometimes unknown until
the very end of the project. Pull construction technique advises delaying shop drm%gs and
fabrication to the very last minute in order to prevent delays or rework C@ y design
changes. As a result, shop drawings and detailing are only completed%ce, reducing non-

value-adding activities and rework time waste 2. %

QO

2.1.4.3 Last Planner System B’bQ

The last planner is the person or group w@ides the specifics of any activity in the
shortest amount of time feasible. Thp@e the biggest influence over productivity at any
unit level, and this is crucial for a Sﬁlate planning of successful and efficient operations >
Last planner system, rather&)i&mly planning of plans, it is suggested that the final link in
the chain be given scl@ing authority. Traditional construction schedules are created to
account for op@c? at must be completed three to five weeks in advance, but the actual
focus is ty @y on "what should be done" rather than adhering to the timeline. The most
rece%%ning system enables the on-site planner to streamline the procedure by assessing
tasks and their assembly by the project's overall project plan, ensuring that tasks and

assignments are completed in the most productive manner possible .
2.1.4.4 Just-in-Time (JIT)
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JIT is a further approach that originated from the Toyota Production System philosophy and
is frequently used in conjunction with lean construction methods to decrease waste and
increase productivity 7> ¢, The JIT strategy is especially helpful for projects with constrained
space or tight deadlines, such as skyscraper or city center projects, where it is impossible to
store materials on site before they are required for production. JIT concepts have bsg&widely

(O

Moreover, they are also being tested in the construction sector to ré&ae processing and

accepted and successfully applied in the manufacturing sector *’.

storing of equipment and forces planning of labor and material %ination. JIT allows for
"mass customization" by focusing on the most cost-effe% to make the final product
rather than making each component. This simply ent;@!st ordering from suppliers what is
required on-site rather than having materials 0 ment dumped on-site 3. Although the
JIT philosophy has been strongly sup as being advantageous to the construction

&ery successful due to the necessity of logistic

industry, its implementation has notj;}gxh

planning and computerized @1 systems, which are challenging to achieve in the

environment of a const@ﬂe 3,
2.1.4.5 Total @anagement (TQM)

TQM is yet@ther well-known production control and management method that advocates
for t‘h{/gyelopment of standard operating procedures and adherence to set specifications to
optimize project procedures for better and more productive results. TQM systems have
helped to boost efficiency in the manufacturing industry, but their usage in construction is
still limited due to dynamic site conditions and transitory project settings °’. The ISO

(International Organization for Standardization) 9000 family is a quality assurance system
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that implements a quality management process before work begins, detecting and correcting
problems before they reach catastrophic proportions. Large construction organizations
typically hold ISO 9000 certification and have standardized work processes, manuals,
operating procedures, and other instructions. By making specifications clearer and specifying
the best way to get the desired outputs, increases productivity and cuts down &%work.
Another TQM application known as Six Sigma can decrease waste by adj %standard
operating procedures and management practices. Because of the @gfnt paperwork

required and the ubiquitous nature of construction activity, cons n and design firms

frequently struggle to completely apply this approach. 0

\
6’2}

2.1.4.6 Prefabrication \Q’b

The productivity management strateg‘iwiously mentioned make it clear that uncontrolled
dynamic site conditions and %%rkplace environment are the main obstacles to
productivity improvement %@ construction sector. These conditions make it difficult to
directly apply product@ improvement strategies, which are typically created for fixed
working condi(r:\\h}k in the manufacturing sector. Therefore, by shifting as much of the
building W(@oad to factories where controlled conditions may be applied for greater
prod@g construction researchers have continuously backed the idea of prefabrication ©'.
When working in controlled circumstances, prefabrication of construction experts can apply

a variety of productivity-improving strategies to reach the needed cost and quality.
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It was noted that, using materials of a standard size improves productivity because it gives

workers a sense of consistency and makes it easier to organize materials quickly and

efficiently . Prefabricated parts can be easily put together on-site, saving a great deal of

time and effort that would otherwise be needed for submittals, design revisions, and

approvals for shop drawings and other documents. Prefabrication, however, still ssitates

precise and accurate information to begin the manufacturing process, whi Q@llenging
o

with typical 2D CAD because specific measurements aren't known untilyery

O

For instance, measurements of the site's current circumstances be taken before MEP

e in project .

(mechanical, electrical, and plumbing) system details ¢ eated. These measurements

are then compared to shop drawings and filed dim;&@s for confirmation. Prefabrication

can significantly increase construction productiwj ut it necessitates accurate information

upfront in the design stage, which is cha e%gg with conventional CAD systems. Building
S\

curate and integrated information .

Information Models can provide thisé\%é’

2.1.5 BIM Concept and It@ation

The introduction of B as shown strong potential to deliver significant productivity
improvements Q.rit{%h t the life cycle of construction projects as it compasses all other
efforts afor@tioned, %, The development of technology has been hailed as a significant
turn'm{/%int for the construction industry, reshaping how work is done on construction
projects in the built environment . After sketch pad, created by Ivan Sutherland in 1962,
initially popularized computer-aided design (CAD) in the construction sector, Autodesk
followed suit with the development of a 2D system called AutoCAD that had a variety of

capabilities and was continually enhanced with new platform features ¢’.
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Later, as a technological advancement to address some issues with 2D CAD, 3D CAD
appeared, much to the satisfaction of design firms and architects . It was from this CAD
platform that BIM developed, which included intelligent modeling *°. Humans have a natural
drive to improve upon existing technology, and problems with the use of 2D and 3D CAD
systems prompted the search for a solution, which led to the development of BIM. Since Plan,
Elevations, and Sections cannot interrelate automatically and CAD drawings are fragmented,
it was once thought that these features rendered CAD drawings incapable ofintelligence 7°.
The same study has also criticized CAD drawings for constructability/and communication
problems, the difficulty for unskilled clients to grasp the{CAD drawings, and the large
number of drawings created during the building's lifespan upén revision of any component or

part !

Major attempts were made to digitize the paper-based communication that existed in
architecture, engineering and construction, which gave rise to the BIM concept. Architecture
Engineering and construction (AEC) industry in the pre-1960 era from the period of its
inception of use, it has been enriched with more capabilities, and this is denoted using the
various dimensions of BIM with the dimensions ranging from 3D to 7D and nD as more
capabilities will be incorporated 7>. Additionally, the construction and operation stages of the
building process, including estimation (5D), life cycle management (7D), sustainability (6D),
and others, have been added to the scope of coverage of BIM use, which was previously
limited to the design stage only (Visualization Properties; 3D) . BIM is now fully integrated
into the process of developing infrastructure rather than only being a concept for building

design and construction 7.
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2.1.5.1 BIM Definitions

The literature review indicated that BIM has been described in a variety of ways, and its
comprehension varies among industry professionals. BIM is described and presented as
technology, a process, or a combination of both in a new approach to cause a paradigm shift
in the way the construction industry works. A Building Information Model is essenﬁ&y a3D
representation of a building's physical and functional attributes throughout, i cycle. A
window of a specific material and dimension, for instance, is digitally usgfin a wall of a
certain material and dimensions according to parametric rules._1 Quilding information
model. Any change in a building's components is immediate@nchronized to all associated

views of the digital model, which may be used as a k@ ge resource to extract different

perspectives, reports, and trustworthy data for a b@'s functional analysis.

The development of the use of technolo@itally simulate the design, construction, and
n

operation of a facility from which f§e’

N\

extracted and used for decisj %aking that can enhance the process of overall project

views of data suitable for various users can be

delivery is how BIM @ed by 7. A third official definition of BIM is as follows:
"Building Inform@\Q% Model is a digital representation of physical and functional
characteristi%og\Jfacility and a shared knowledge resource for information about a facility

" 76

formingébiable basis for decisions during its life-cycle

N

An intelligent digital assembly of building components with embedded knowledge of
parametric object attributes and characteristics is how a building information model is
created. It was also reasoned that, BIM is a process, tool, or product that creates intelligent

digital models linked to other project management tools (such as schedule, BOQ, and cost
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estimate) that enable design optimization, constructability, and information sharing for all
stakeholders for a better project outcome /. Many authors who describe BIM as being much
more than just a technology for digital representation of buildings support the process view

of the technology.

Furthermore, BIM is a collection of interconnected procedures, technology, a@es that
together produce a new approach to managing the planning, execution, an{/ tenance of
construction projects over the course of their entire lifecycle %. It’s @aimed that BIM is
an IT-enabled strategy for managing digital information in the co@tion sector. Moreover,
BIM is also defined as the application of all relevant=t ation and communication
technologies (ICT) that are required to streamline an@cilitate all processes involved in
creating a better and safer environment °. BIM @en referred to most recently by writers
as a technology-driven approach to develgp wformation-rich, intelligent models that support

[ ]
life cycle information management f%"\&‘lt nvironment projects 88182,

According to a review of thé @eﬁnition, the software companies that are developing the
technology and prograﬁﬁé%ed for the industry's adoption of BIM are in favor of the "BIM

ne

as a technology, int %3, In contrast, the "BIM as a process or activity" perspective is
supported by*professional organizations in the sector, which are the primary forces behind
reen%& industry methods to support and embrace BIM enabled working®, ® .
Academics engaged in the study, advancement, and industry acceptance of BIM theory also

characterize "BIM as a system, as a holistic approach, and as a cooperation technique." The

Table 2.1 presents some illustrations of these points of view.

Table 2.1: Different perspectives on BIM definitions from literature review
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Categories (product
vendors, industry and
academia)

Definitions

Product vendors

Professional institutes and the industry

BIM academics

Asta Power Proj
(2018)

Autodesk (20
2014)

ect

02,

Graphisoft (2014)

Bentley

&

Workman, (2003)
and Bentley, 2011)

VVT Finland

(Bazjanac
Kiviniemi, 2007)
AGC (2006)

NIBS (2007)

BulldlnﬁlﬁA

(2014

schke et
010)

Succar (2009)

Azhar (2008)

&

The Industry Foundation Classes (IFC) data model is an
open, international and standardised specification for
Building Information Modelling (BIM) data that is
exchanged and shared among software applications used by
the various participants in a building, constru%n or
facilities management project.

BIM is use of information technology < 0

BIM is a technology that users simulation,
collaboration, auditability and ma ability.

BIM is a new way aching the design and

documenting of building p ts

BIM is strategi ’& 1ng, tactical thinking and operational
thinking su@ y the use of technology.

BIM ctivity of creating data-rich, object oriented,
d parametric digital representation of a facility.

‘ \ﬁM is an entity with multiple features: it is a product, a

RT

al.,

process and a system to design, deliver and operate built
assets.

BIM is a process to create digital representation of physical
and functional characteristics of a facility

BIM is collaboration process by different stakeholders at
different phases of the life cycle of a facility.

BIM is a set of interacting policies, processes and
technologies producing a methodology to manage the
essential building design and operations of construction
projects thought their life cycle.

A BIM model characterizes the geometry, spatial
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Hardin (2009)

Eastman at al.,
(2008)
Abanda et al (2015)

Santos, Costa and

Grillo (2017)

relationships, geographic information, quantities and
properties of building elements, cost estimates, material
inventories and project schedule

BIM as a process of adopting and establishing a new notion
of thinking.

BIM is not just a technology but a process, as vast as a
multidisciplinary design, analysis, construction apd.facility
management technology, as well as the ger of
dramatic process change.

BIM is a collaborative software that&lseﬂ at different
stages of construction.

Modelling building informati ed on multiple aspects
(e.g. spatial design, buildin @ure and energy)

Source: Researcher’s Summary from Literature& ,2023.

It can be concluded from the above de}‘b@)ns that BIM has been presented as a

product (BIM model), an activity (process)\ﬁ\QQeate a product, and a system to manage the

activity and product, as represented 1&3{ ure 2.1.
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used and the process of
Specialict firms rcreating the

Building
Informatio

Figure 2.1: Summary of BIM Definition

Source:®°

2.1.5.2 Dimensions in BIM

Building

Information

— \/anagcemen

A SYSTEM:
- Business structured of
work and communication
- Widest View

A basic building information\@odel is an object-oriented 3D model with several

implementations and _uSeS\ throughout the project life cycle. The extension of BIM

implementations overd project's life cycle is made possible by the model's ability to be a 4D,

5D, or nD modél, Phe following sections provide a brief definition of these, which are known

as BIM dimaénsions in the literature.

2.1.5.2.1 Three dimensional (3D) model

A basic design view is obtained by creating a three-dimensional (3D) model of a construction

during the design stage, and is referred to as XYZ *’. Clients, architects, and contractors can
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use 3D models for design collaboration and job clash identification %%. These advantages
enable the design to be developed at an early stage prior to construction, hence saving time

(M. Othman et al. 2022).

2.1.5.2.2 Four dimensional (4D) scheduling model.

The "4D process" is the process of adding "time" to three-dimensional (3D) repQﬁﬂations.
By connecting the construction schedule to the 3D model, many participan&/@redict how
activity will move during the construction stage or how long an operatiten will take in real
time % . This enables full construction coordination, better coope%, and the identification
of potential bottlenecks °°. It was further said that a ¢ can decrease the project's
timeframe by employing 4D models to predict Whereronnel, tools, materials, and space

O

will be needed on a daily basis and for how longA'}

2.1.5.2.3 Five dimension (5D) cost m l\
[ ]

The five-dimensional (5D) model,@ incorporates "cost," is stated as "time and cost." Its
primary function is to detenﬁ@% price of anything *>. A construction project's overall cost
can be calculated in 5D®%ng cost data for materials, labor, location, and size; cost data
can be inserte 'i@ch item of the model, resulting in automatic cost estimation °°.
Furthermore@am members will meet online to discuss design changes, which may result in
an i@fge cost adjustment, but the entire project cost will be calculated by a cost

estimator %%,

2.1.5.2.4 Six dimension (6D) sustainability models.
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BIM has reached a new sixth dimension as a result of technological advancements (6D). The
6D addresses all aspects of building sustainability, including energy analysis °°. The adoption
of 6D technology would aid designers in correctly and completely estimating energy early in

the design process, resulting in a reduction in overall energy usage °°.

2.1.5.2.5 Seven dimension (7D) facility management models. Q\
BIM technology uses facility management, also known as 7D or the seven@nsion, and

is described as a "as-built model" since the contractor modifies tl@%@el throughout the

construction period 7. %

2.1.5.3 BIM Maturity Level Q
The lack of complete clarity regarding the degre 0@ implementation and the scope of
measurement led to the development of the aturity stages. The maturity stages would
identify various levels of BIM impl.em %ﬂ by knowing the BIM fields. After the Pre-
BIM phase or immediately follow@e Point of Adoption (PoA), which is a stage before
the BIM implementation st@@géIM stages are defined °®. Three fixed starting points with
an open ending point t@%nt for potential future technological advancements are clearly
described in th B@aturity stages. It takes several incremental levels to move from one
stage to an@er because the steps advance from one point to another through level
adva\c/@ . The stages are sort of supplementary elements to the BIM field types that

specify the stage of BIM adoption or implementation; the stages include:

2.1.5.3.1 Level 0: Pre - BIM
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Unmanaged CAD (Computer-aided Design) probably 2D and/or 3D, with paper (or
electronic paper) exchange mechanism as the most likely data. That is, design disciplines
who are designing, documenting and creating visualizations but who have not yet fully

embraced object-oriented modeling and the concept of embedded information and/or

appended/linked object information '%. Q\
2.1.5.3.2 Level 1: Object-Based Modelling < 0
When an object-based modeling tool (such as Revit, ArchiCA LA, or BIM360) is

used to create a single, multidisciplinary information-r@m del during the design,
construction, or operation stages, BIM is said to have been‘dgployed. Utilizing 3D parametric
tools, such as Revit, to build a 3D structure fo% utomation and visualization of 2D
drawings and documentation is a requirem@IM Level 1 !, The working procedure is
very similar to the pre-BIM stage, ancs&rmation sharing is still one-way only. Therefore,
there is no cooperation among th@qah\olders because the few changes are organizational in
nature. The Design, Const@, and Operation phases of a single-disciplinary model do,

however, have a lot in,c on.

2.1.5.3.3 Il\@el 2: Model-Based Collaboration

Foll%@e completion of BIM Level 1, moving from single-disciplinary modeling to an
inter-disciplinary model through the sharing of developed models is the next step (i.e.
between Architect and Structural Engineer). BIM Level 2 is defined as the capacity to
collaborate through the sharing of models (that support IFC) and the connection between two

project lifecycles (i.e. Design-Design, Design Construction, and the Design-Operation)
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(Kaewunruen, Sresakoolchai, and Zhou 2020). An exclusive 3D rich information model is
used in this process because it will enable the exchange of different disciplines. Data
extractions and subsequent advancements like 4D scheduling and 5D costing are now

possible. As the traditional 2D workflow begins to vanish, new procedures and contract

amendments emerge '%, \
R

2.1.5.3.4 BIM Stage 3: Network-Based Integration Q/O
Integrated models that are semantically rich are created, s@’%; and maintained
collaboratively throughout the course of a project at BIM Level\3;=& revolutionary stage in
the implementation of BIM ', The distinctive feature stage is the ability to track
changes to the developed models and the existence 0’8 ingle distributed federated database
that houses all data from various professional olders. The BIM Level 3 is a shared,
interdisciplinary n D model that ena le\\\Qro-way access for the important project
participants and the capacity for nuéé;i()\%analyses during the early stages of a project '*.
This stage of BIM implem%@l makes it easier to make adjustments to the way
construction works a@%\ured. including contract terms, risk sharing, roles, and
responsibilities, &Q\Q%ls deliverables. All of these are related to technological advancement

and policy ‘ehantge€. In contrast to the conventional workflow, Figure 2.3 illustrates the

collabo@BIM project initiation workflow.

N
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Figure 2.2: Be\(/ ’s BIM maturity model
Source: ' e
2.1.6 @concept of BIM Adoption

Ado&bﬁ of BIM results from raising awareness and persuasion; it involves seeing the

concept as a novel approach to problem-solving. There are three levels of BIM adoption:

Micro (within an organization), Meso (within a project), and Macro (market/national). The

Micro BIM adoption relates to organizational (firm) adoption, with top management of a firm
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prescribing the BIM usage '°°. BIM adoption at the Meso level is based on projects and their
teams, with the owner and project manager directing. Governments and international
organizations are involved in the macro BIM adoption, which is related to markets and

industries (countrywide) '%7.

The potential of BIM to bring about significant changes in the construction induQ*s been
widely acknowledged on a global scale. Initially seen as a new wave of tec@@r to display
and coordinate project data, BIM is today seen as a paradigmé&ka process-driven
technique to enable collaborative working in the building proj ec$ has many advantages
from the idea stage to facility management and bey erous research initiatives,
industry publications, and surveys have demonsts%Q\that BIM has been successfully
adopted in the majority of developed nationsr& . Scandinavian nations, the US, UK,
Singapore, Australia, Germany, etc. are ﬁk\gamples. According to a fairly recent survey

by McGrew Hill, Japan, South Kore(é‘&’ ew Zealand will represent the next stage of BIM

N

adoption maturity ''°. The ad of BIM in countries that were early adopters is covered

in the sections that follow? Q

2.1.6.1 BIM iné&:@

The USA h%@en a leader in BIM adoption over the past ten years and serves as a model for
othe%%ns looking to adopt and use BIM. The General Services Administration (GSA)
mandated the usage of building information modeling throughout the design phase for new
structures in 2006. The GSA, which started its BIM projects, 3D-4D, in 2003, is the primary
public client utilizing BIM in the public sector in the USA. The National Institute for

Standards and Technology (NIST) has carried out numerous research projects on various
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BIM aspects and has produced reports, guidelines, and supporting documentation for BIM

adoption that are used globally.

The US Army Corps of Engineers' CAD/BIM Technology Centre is a research facility that
offers technical and professional services for BIM deployment across professional services in
a way that ensures an acceptable return on investment and fosters interoperabiQ between
BIM and other geospatial technologies. The Corps of Engineers' Constm@ngineering
Research Laboratory is converting the use of BIM with the assistanc &other laboratories
and is a key factor in the industry transition with products%COBIE (Construction
Operations Building Information Exchange) ''!. Along fessional organizations like
AIA and AGC, US academic institutions have acti@ontributed to the development of
BIM standards and guidelines, which have aid adoption and implementation not just
in the US construction sector but also gf{%&sQ
As a result, a number of early %ci}itiatives in the USA that were successful and had a
profitable return on invest ; *Plate 2.1 reflects an example project). The Sutter Heath
Eden Medical Center i Qo-million-dollar facility located in Castro Valley, California.
D"

C

O

O

\/QJ
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Plate 2.1: An exemplary BIM enabled integrated pg@

Source: '?

The figure 2.3 shows that USA is on top @ adoption and its adoption in USA is

still growing faster than any other col

Source: McGraw Hill Construction, 2013
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Figure 2.3: BIM Adoption Comparison of Different Countries

Source: '}
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2.1.6.2 BIM in Singapore
Singapore was at the forefront of digital technology adoption even before the term BIM
became popular after 2003. The Building and Building Authority (BCA) developed the BIM

Roadmap in 2010, with the goal of having 80 percent of the construction industry use BIM

by 2015 114, Q\

In Singapore, the principal institution involved in the development and i ;@entation of
BIM for government projects is the Construction and Real Estate Ne@(CORENET). Itis
a major information technology effort initiated by Sinfaio Ministry of National

Development in 1995. Consulting engineers like as Arup have begun to use BIM in

their projects in the private sector ''°. Plate 2.2 dgﬁ\reml examples of BIM projects in

®%

Singapore.

Singapore’s largest all weather sports A fully integrated sports, lisure,

' ill use an innovative bowl S -
Final demolition stages of Singapore’s ~ **"-- _ entertainment and lifestyle hub for
: 3 gapo cooling system to provide comfort to world ¢ o o ity
37-year-old national stadium R Ty i lajss‘ even mmy
N

Plate 2°27 BIM project examples in Singapore

Source: 10
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2.1.6.3 BIM in Scandinavia

The Scandinavian nations (Denmark, Finland, and Norway) have made using BIM
mandatory for important public-sector projects and are particularly advanced in this area. In
Denmark, governmental clients including the Danish University Property Agency, the
Palaces & Properties Agency, and the Defence Construction Service demand the.lisage of
BIM for their projects ''’. At least three public owners—The Palaces and P @ Agency,

The Danish University and Property Agency, and Defense Constmi¢tion™Service—have

started working on BIM in Denmark. %0

Other public and private sector clients in Denmark; entofe Municipality, KLP
Ejendomme, Bips, etc., have recognized the benefi ts@l\/l and required its implementation
I8 The state client advocating the usage of B Norway is Statsbygg. The Norwegian
Homebuilders Association promotes the a &1 of BIM and IFC within the sector. Selvaag-
Bluethink is creating IFC-based BI . %rivate sector. The top company performing BIM

research is SINTEF. Plate 2.3 d@rs a few sample BIM projects in Norway.

Furthermore, in Fin@nate Properties, the government's agency for property services,

has mandated t@/&\b

Tekla anssociation of Finnish Contractors in conjunction with state client senate
0

BIM since 2007 for its projects. BIM has been pushed in Finland by
prop%‘ig./The academic institutions engaged in BIM R&D include Tampere University of

Technology and Helsinki University of Technology. For BIM and other studies in the built

environment, VTT is the main research agency in Finland '’
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New @stfold Hospital, Sarpsborg

Treatment building from north west

New Akershus Universit

N
Plate 2.3: Example BH\%@S in Norway

Source: 1%’

2.1.6.4 BIM in@

After the overnment's building strategy was announced in 2012 and required at least
levekg(/l on all important public sector projects by 2016, the use of BIM increased in the
UK 2!, According to a 2012 survey by NBS (National Building Specifications), 39 percent
of the industry now genuinely uses BIM, up from 13 percent in 2010. In the same time frame,

the proportion of non-BIM users who were unaware of BIM fell from 43% to 6%.
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However, whilst these numbers are encouraging, a rising proportion of the sector is aware of
BIM but has yet to implement it. Concerns about the expected returns and investment costs
still exist. Many in the business continue to be perplexed by the topic and lack faith in the
promises made by BIM, despite the introduction of new UK BIM rules and assistance from
the government. Positive feedback from individuals who have used BIM to deliv*xojects
and can show a return on investment helps to balance this. The demand t@a ing and
development that can explain the reality of BIM, where it needs to&&{om, and the
creation of Level 3 remains quite great. Despite this caution, is acknowledged as
setting the global standard for enhancing efficient and effectnstructlon information and
putting BIM into practice. Q

>

The Gowvernment has described there being different levels of BIM.,
Are youwu aware of these different levels?

2013
T N T T 51 @ Yes T T 30 il
- k@@ Ne T ETna

Figure 2.4: BIM Awareness and Adoptlon in the UK

Source: '%?
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2.1.6.5 BIM in Australia and New Zealand

In the upcoming BIM maturity cycle, Australia and New Zealand are both attempting to join
the list of countries. Although BIM was just recently introduced in that region, the market
soon recognized its worth and got involved in actively creating the skills necessary for BIM
adoption. More than 51 percent are currently using BIM on more than 30% of pr s and
these numbers are anticipated to rise sharply in the years to come. More t ercent of

the firms surveyed said they plan to use BIM on more than 30% 0«1 rojects in the

upcoming two years '>°. %
2.1.6.6 BIM in Hong Kong QQ

Another early BIM adopter is Hong Kong, where he@ Kong Housing Authority (HKHA)
has pioneered the adoption of BIM since 2006 public housing projects, enabling BIM-
enabled design, sustainability studies, a d nstruction coordination. The BIM initiative
complies with the Works Branc C§\\B Development Bureau of Hong Kong's BIM
regulatory policy. At the H-K@mam office, a BIM center was established in 2009 to
encourage the usage o@nd facilitate experience sharing. Since 2006, HKHA has been

testing the usagf @{I in brand-new public housing projects. According to its experience

with BIM, tion, design optimization, construction planning, and conflict detection
can all ’Qproved with BIM. In the long run, the HKHA hopes that it will result in less
waste and time savings '**. In order to include BIM in all projects starting in 2014/15, HKHA

will continue to apply it in additional projects.

However, HKHA intends to look into more application areas to make BIM a more user-

friendly tool in Hong Kong, such as automatic bill of quantities extraction from BIM models,
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checking building codes to ensure compliance with building regulations, specification
integration, prefabrication, and assembly RFID, etc. According to HKHA, BIM will soon go

from being a "desired skill" to a "needed skill" in the AEC job market '%°.

In conclusion, BIM is now a worldwide phenomenon, and more nations are pledging to
embrace it. By 2016, all public-sector and projects costing more than S$50 million i*South
Korea had to use BIM, according to the Public Procurement Service. Mor¢ reCeritly, the EU

parliament approved policies to encourage the use of BIM by its 28 fiiember states '2°

. Large
clients and governments are promoting BIM adoption to cut down on capital expenditures

and obtain high-quality construction projects as the advéntages and value of BIM become

clearer.

2.1.7 The Concept of BIM Uses

The use of BIM as a tool by various construction industry stakeholders varies from the
beginning of construction to the end of the building's whole existence. The building
stakeholders which may include but not limited to architects, engineers, quantity surveyors,
builders and facility managers, whose responsibilities can overlap with those of other

127

specialties '“/. At various points in a building's life cycle, BIM is used for the following:

2.1.7.1 Design Stage

Depending on the complexity of the project, the design team often consists of architects,
structural engineers, services engineers, and builders '** '?°. The design team must absolutely
13()'

guarantee the building's constructability, beauty, structural soundness, and functioning

The design team is then required to present the customer's requirements in an easily
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understandable way to the entire anticipated project team, particularly the client who will be
funding the project '*!. The design stage of the building, which is the stage in which all
decisions pertaining to what the building will be and consist of are made, plays a crucial role

in the building's lifespan. The following are then the major uses of BIM in the design stage:

2.1.7.1.1 Construction planning

In a BIM-enabled project delivery, the sequencing and scheduling of project tasks are
coordinated using BIM models in accordance with the available resources, time, and space.
4D modeling is the process of linking a traditional project plan (such as one created in
Primavera or MS Project) with model elements to add time to a 3D model '**. By utilizing
several BIM tools, such as Autodesk Naviswork Manage or Synchro Professional, which can
simulate building activities based on the Critical Path method (CPM) or line of balance as
used in task planning, 4D models can be built '*°. In a simulated setting, 4D models can be
utilized to convey construction sequencing, considerably improving the use of site resources,
space usage, equipment and material acquisition, labor management, health and safety

planning, and coordination with vendors and subcontractors '**,

2.1.7.1.2 Visualization

BIM is a very potent visualization technology that can provide photorealistic visualizations
and animated simulations of the proposed design solution, both of which are very useful for
helping other project stakeholders understand and communicate design intent '°,
Construction clients frequently express dissatisfaction with the finished project since the

majority of them cannot comprehend the design in 2D and are consequently dissatistied with

the given product. Early in the project, visualization is a useful tool for communicating the
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knowledge of the design and final appearance of the finished product, which will lower the
frequency of change requests from the customer and increase client satisfaction '*°. To get a
competitive edge when bidding for new projects, contractors can leverage the visualization
component of BIM to build 3D models, animated walkthroughs, and sequencing of project

components 7.

Additionally, project teams can work together internally and optimize the building process
with the aid of visualization and simulation of project components. Contractors have the
ability to model construction activities in a 4D environment and anticipate the construction
sequencing and resource requirements. As health and safety analyses can be carried out more
effectively with BIM's visualization features, simulations in 4D also aid in reducing the

number of incidents that occur on the job site '3,

2.1.7.1.3 3D coordination

Building systems can be coordinated using the 3D BIM model before being manufactured
and deployed on site. Before installation, all electrical, plumbing, mechanical, structural, and
architectural systems are checked, and any conflicts are found and resolved using conflict,
interference, collision, or clash detection technologies '*°. The adoption of BIM has resulted

in certain projects reporting a reduction in site-related inquiries and conflicts of up to 80% '4°.

2.1.7.1.4 Cost estimation
Cost estimation is the process of calculating the predictable resource costs to finish specific
tasks of a building project. While other industries set the selling price after production, the

building industry must decide the selling price of building materials even before construction
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begins. Construction projects are therefore quite risky, and their success only rests on how
accurately the costs are estimated '*!. This process allows the project team to see the cost
effects of their changes, during all phases of the project, which can help curb excessive

budget overruns due to project modifications '+,

Specifically, BIM can provide cost effects of additions and modifications, withQ*mtential
to save time and money and is most beneficial in the early design stages of’ ;@ct. The use
of BIM for developing cost estimates would minimise the efforts a@& and increase the
accuracy '¥. In addition, BIM has come in place to solve traditi cost calculation which
requires manual take-offs from numerous 2D buildi ments, which is a time-
consuming operation. When the inputs change, rr@ﬂy updating the cost estimates is

complex and time consuming because human tions must be conducted again for the

changes . @
Q)

2.1.7.1.5 Prefabrication

Prefabrication is an idea that construction researchers have consistently backed by moving as
much of the construction workload to factories where controlled conditions can be used for
increased productivity '**. In order to achieve the required cost and quality in controlled
environments, prefabrication of construction experts can apply a variety of productivity
improvement techniques. Because they give workers consistency and enable quicker and
more efficient planning of materials, standard size materials increase productivity rates
(Borrmann et al. 2018). Prefabricated parts can be easily put together on site, saving a great
deal of time and effort that would otherwise be needed for shop drawings, submittals, design

modifications, and approvals '%°,
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However, prefabrication, still needs precise and accurate data to begin the manufacturing
process, which is challenging with traditional 2D CAD because exact dimensions aren't
known until very late in a project '¥’. For instance, measurements of the site's current
conditions must be taken before MEP (mechanical, electrical, and plumbing) system details
can be created. These measurements are then compared to shop drawings and filed
dimensions for confirmation. Prefabrication has been shown to significantly increase
construction productivity ', but it necessitates precise information during the design phase,
which is challenging with conventional CAD systems. Building information models can

provide this information with greater accuracy and integration.

In the prefabrication industry, BIM is one of the most useful technologies because most
construction components are constructed in a controlled environment. The creation of shop

drawings for various building systems is simple '*’

. Because of the quicker construction
assembly, lower labor costs (both skilled and unskilled), less site congestion, and lower

inventory levels, health and safety are improved '*°.

2.1.7.1.6 Constructability analysis

"Designers occasionally get carried away with their work and may create something that is
practically and structurally impossible to build," stated one anonymous designer critic ''.
When this occurs, BIM gives the contractor the option to give the designers a constructability
review. To make sure the design can be produced in the field to match a specified schedule

and cost, this would entail a variety of buildability tests and an examination of alternative

approaches %2,

54



2.1.7.1.7 4D Scheduling and Sequencing

The realistic sequencing and budgeting of building activities saves substantial money and
time by reducing rework and schedule delays '°°. The "4D" model is created by combining
the 3D model with the CPM schedule, with time as the fourth dimension '>*. With this, 'phase
optimization' may be accomplished and clearly communicated to the entire project team as to

what and when will occur on the construction site '°°.

2.1.7.2 Construction / Building Stage

At this point, decisions have been made regarding building, funding, and facility
administration, and actual construction of the facility is currently under way. The client's
design team has chosen the contractors, and they will oversee and supervise the construction
phase. The contractor(s) will be given the design details and the 3D model of the building,
and they will be asked to provide a clear and concise addition regarding their expertise on the
constructability and a range of issues that are likely to arise during the building's use '*.
Some authors have emphasized construction monitoring and modeling, as well as
manufacturing, as the key applications of BIM tools throughout the building stage '°7- 1%, The
contractor's team, which includes an architect, quantity surveyors, engineers, masons, and
other professionals as needed, can visualize a stage-by-stage simulation of the construction

process using the BIM model. This makes it easier for everyone to do their jobs because it
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allows the professionals to resolve constructability, durability, cost effectiveness, and

suitability issues during the construction process ' 160-161,

2.1.7.2.1 Construction Monitoring

The arrangement of temporary structures and transportable machinery, as well as traffic
access routes during execution times, can all be predicted using 4D models (e.g. Trucks,
cranes, excavators etc). With the use of 4D models for site logistics planning, it is possible to
apply a "just in time" method for managing materials and labor, which reduces waste, lowers

costs, and makes better use of project resources ',

2.1.7.2.2 Clash detection

The Clash Detective tool makes it simple to spot interference clashes between different 3D
solid objects in a 3D model and to investigate and report them. Users can use the clash
detection to selectively look for conflicts between any two systems, including mechanical,
plumbing, electrical, and structural systems '%. All the subcontractors and suppliers submit
their respective models (which are typically produced using different design packages) and
then, the BIM manager provides one platform on which all the models are combined into one
file to be viewed as one composite model '**. The majority of design flaws or conflicts are

discovered at this point.

2.1.7.2.3 Maintenance Scheduling

2.1.7.2.4 Fabrication
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2.1.7.3 Operation / Facility Management Stage

Researchers have found that this stage of construction suffers from a high level of neglect,

which has caused serious infrastructural degradation in the country 63 166, 167, 168,169, 170, 171, 172,
173, By incorporating operational and management decisions into the design of the facilities,

where the function of each space has been determined, the maintenance has been ed and
scheduled, and the functionality of the components inherent in the fac111t §C

arry the

anticipated population without deficiencies, this problem can be made a&{

O

Additionally, as stated by !a study, the future of effective and e@n‘[ facility management
depends on how quickly the industry has embraced the B e management of buildings,
particularly high-rise buildings, which are know;bQﬁ present facility managers with
significant challenges due to the numerous s and components inherent in such
structures ', As a result, this facility mﬁ ent duty is further separated into a number of

's increased efficiency !’

subtasks, each of which can benefit f@%\%

Building System Analysis, 3 ﬂr subtask of facility management duty is used to assess the
condition of a buildin}élM can also be used to manage assets, with spaces that are
adequately allc&&:&s ch use and visual simulation tools that are available on the BIM

177,

platform ore significantly, the record model is completed by taking into account

chaﬁg@&de to the building use and spaces during the post-construction phase '’%.

Due to the scarcity and inadequacy of such highly qualified and licensed Facility managers,
the task of operation and management is exclusively the responsibility of Facility managers.

However, this role is occasionally performed by other professionals like Quantity Surveyors
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and Estate Surveyors !7°. This is a new method of managing buildings that BIM is promoting,
and BIM will enable them to carry out well-planned maintenance that is consistently adhered

to 180

= Asset Management
* Building System Analysis Q\
= Record Modelling < 0

When a project reaches the handover phase, construction manage @r the contractor can
give the owner a copy of the BIM model that contains all $ired information as built
information. This record model includes links to Sme@iS, warranty details, insurance
details, and maintenance guides, as well a%@naﬁon from manufacturers and
subcontractors about the operation of instalh@pment. This record model also serves as a
N
database for security-related data, gr@&lg locations of fire safety equipment like fire
alarms and sprinkler systems, as (%D\as emergency exits and walkways '*!. The facility

manager can plan for the y &y consumption of building operations using the built-in

information in the modéé

)

Additionall e secord model allows for the tracking of the placement of furniture,
equipment;, ,h MEP installations, which can improve the planning and execution of any
restw or refurbishment jobs later on in the project life cycle. The record model's data

can be used to forecast operational expenses and manage the cost impact of construction and

maintenance projects. BIM expert contractors may benefit from the increased preference for
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BIM implementation on projects among project owners due to the usage of BIM for facility

management '%3,

3
R
(O

Table 2.2: Summary of selected BIM Uses as found in literature (’\\

STAGES BIM (Uses)

Design Stage Estimation
onhstruction Planning

Q 3D Coordination

b’b Prefabrication
(o)

Visualization
Constructability Analysis

% Sequencing

Construction Monitoring

: $ Clash Detection
QQ Maintenance Scheduling

Fabrication

Construction Stage

Maintenance/ Qperdtion Stage Asset Management
fb Building System Analysis
\ Q) Record Modelling

“Source: Source: Researcher’s Summary from Literature Review, 2023.

2.2 Theoretical Review
From the review of the literature, several studies have revealed that many theories have

explained the concept of innovation diffusion and adoption process. Some theories were

59



concerned with adoption at a personal level, while others dealt with adoption at the
organizational level. The major theories that explain the adoption of innovation at the
personal level are the Theory of Reasoned Action (TRA), and the Technology Acceptance
Model (TAM) ¥, Rogers’s Diffusion of Innovation (DOI) Theory and the Technology,
Organization, and Environment framework (TOE) are theories that explain the ad%ion of

innovation at the organizational level '*°. Thus they are all considered Vet’ t to this

O

In the development of a conceptual framework for this researc%rk, some theories and

research.

models were reviewed to give an understanding of th ship that exists among the
factors that affect diffusion and adoption of innovat@\novaﬁon was defined as any idea,

186 A atusy described organization

behavior, practice, or object perceived as new b sers
innovation as “the generation and applic Q new ideas, practices, or non-trivial change
and improvement to an organizati (%piess/methods products/ technology or system of
operation aimed at 1mprov1n®%rmance” 187 1t was further explained that an innovation

does not have to be ne@y new, it might have been invented a long time ago but it is

perceived new :y@esent audience. How new an idea or a practice is perceived by an

audience de@

innovati ’bg Therefore, in then Nigerian context, a study made it clear that building

n the level of awareness and knowledge of the audience about such an

information modelling BIM is a relatively new idea in the AEC industry even though it has
been adopted in other countries as revealed in literature. Following Rogers’ definitions of an
innovation, building information modelling can be called an innovation in the Architecture,
189'

Engineering and Construction AEC industry
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The aim of this research is to establish a clear understanding of the diffusion and adoption of
BIM as an innovation or tool with a view to identifying the impact of its adoption on
communication and collaboration for timely and cost efficient delivery of projects by AEC
industry in Nigeria. It further presents a graphical illustrations of the concepts of adoption
and the relationship that exists among the factors that effects adoption of innovatign in the
AEC industry. Therefore, this section seeks to study and employ some f@?ﬂost used
theories and models in innovation diffusion and adoption in AEC inﬁﬁtg'&onsequently,

this section discusses some of the models mentioned earlier. O

2.2.1 Rogers Diffusion of Innovation Theory QO
Everett Rogers developed the Diffusion of Inno al)@lodel in 1962, and since then the
theory has been widely revised and adoste studies in diffusion and adoption of

Innovation (DOI) Theory helps to explain

technology and innovation. The Diffusj&
innovation diffusion and adoption Q@h at”individual and organizational levels. It further

highlights how information ab@ innovation reaches its users ' V!,

Rogers clearly define Qtion as the best decision taken by a person, organization or the
o \'

unit of adoptioQ}\a time to fully use an idea. Diffusion was also defined as the process

through Qcommunicaﬁon of innovation is carried out through some channels in a

soci&;&novaﬁon itself is an idea (process, service or product) perceived by a decision

making unit as new. The fact that the idea is perceived to be new implies there might be

some level of uncertainty in the decision making unit (a person, an organization or

community). Therefore, Rogers’ definitions revealed that although diffusion and adoption are
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stages in the Diffusion of Innovation Theory, both cannot be separated from each other, as

diffusion is part of the processes that lead to adoption 2.

Rogers identified five major elements as important in diffusion and adoption of any
innovation. These are the innovation, communication channels, communication time, society

or social system, and other factors such as the characteristics of the decision rnakQu ity.

N
O
2.2.1.1 Main Elements in the Diffusion of Innovations %
2.2.1.1.1 Innovation QO
An idea, activity, or initiative that is seen as novel byia‘person or other unit of adoption is
referred to as an innovation 3. Although an iybé‘lion may have existed for a very long
period, for certain people it may still b }\\% The novelty feature of adoption is more
closely tied to the three steps of the&i&ﬂ/ ion-choice process (knowledge, persuasion, and
decision), which will be cov.er%%&. Rogers also asserted that there is a dearth of diffusion
studies on technologica,%%\s. It was further stressed, that "a technology cluster consists of

one or more distin nological components that are thought to be tightly related".

C

The accepta@;of innovations is hampered by uncertainty. The changes that come from the
adop@r rejection of an innovation in an individual or societal system are known as
repercussions, and they can raise uncertainty '**. People should be made aware of all the
implications of the innovation's advantages and disadvantages in order to lessen their doubt
about embracing it. In addition, according to Rogers, repercussions can be categorized as

expected versus unexpected, desired against unpleasant (functional or dysfunctional),
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immediate versus indirect (outcome of the immediate result), and expected versus direct

versus indirect (recognized and intended or not).
2.2.1.1.2 Communication Channels

Communication channels are the second component in the spread of innovatioo%ocess.
Communication is "a process in which people create and share knowledge \A@Qﬁ another

in order to attain a shared understanding" '°°. These channels allow fox thiS~eOmmunication

between the sources. According to Rogers, "a source is a person\gx.a/jgroup that creates a
message. A message travels through a channel from its sourc@its recipient. An innovation,
two people or other units of adoption, and a communi@n route are all communication
aspects that Rogers claims are part of the special ‘%@ communication known as diffusion.
There are two communication channels: i@nal communication and the mass media.
Interpersonal channels consist of twa—@ommunicaﬁon between two or more individuals,
as opposed to mass media cha%c—)whlch comprise a mass medium like TV, radio, or

Qﬂ\

However, "dlffus;(g& very social process including interpersonal communication ties

newspapers.

" 196

As a result, 4 gw&sonal channels have greater potential to influence an individual's strong
attitude@vever, the diffusion of innovations requires at least some degree of heterophony,
whicb{ "the degree to which two or more individuals who interact are different in certain
attributes." Homophile is defined as "the degree to which two or more individuals who
interact are similar in certain attributes, such as beliefs, education, socioeconomic status, and

the like" in interpersonal channels. In reality, "participants are typically extremely
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heterophilous, which is one of the most characteristic issues in the transmission of

innovations" 7.

Moreover, Localite and cosmopolite channels of communication, which connect members of
a social system with external sources, can also be classified as forms of communication.
When compared to interpersonal channels nearly all mass media outlets are €o§mopolite,
whether they are local or global. Due to the features of these communica@njgannels, the
knowledge stage of the innovation-decision process places a greater %sis on mass media
and cosmopolitan networks, whereas the persuasion stage of @ocess places a greater

emphasis on local and interpersonal channels %% Q
2.2.1.1.3 Time &Q

The time component is frequently over@n behavioral studies. He contends that

diffusion research exhibits one of its gths by including the time component. A time

dimension is present in the innov&h\liffusion process, adopter classification, and adoption
rate 1. .$

N
2.2.1.14 SOcials@gn
The final ¢ ;Qt of the diffusion process is the social system. A social system is "a
collectiQ’b interconnected units engaging in cooperative problem solving to achieve a
com&purpose" 200 Since innovation dissemination occurs inside the social system, the

social structure of the social system has an impact. Structure, in the words of Rogers, is "the

patterned groupings of the components in a system". He added that the primary criterion for
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classifying adopters, an individual's capacity for innovation, is influenced by the nature of the

social system.

2.2.1.2 The Innovation-Decision Process

The innovation-decision process is "an information-seeking and information-processing
activity, where an individual is motivated to reduce uncertainty regarding the efits and
drawbacks of an innovation". The innovation-decision process consists Q}Q steps: (1)
knowledge, (2) persuasion, (3) decision, (4) implementation, and (5) 1nmation. Normally,

these phases occur in the order of the passing of time ?!. Figure f%\strates this approach.
2.2.1.2.1 The Knowledge Stage ’66

The knowledge stage is where the innovath\Qcision process begins. In this step, a person
discovers the existence of the inno&%@nd looks for information about it. The crucial
inquiries throughout the kno@ phase are "what?" "how?" and "why? ". This stage
involves trying to und@hat the innovation is, how and why it works". Rogers claims
that the inquiries j@ice knowledge of three different kinds: three types of knowledge:

awareness-kgghdge, how-knowledge, and principles-knowledge 2.

Knov%@ about an innovation's existence is represented by awareness-knowledge. A
person may be inspired to study more about the innovation and then embrace it as a result of
this information. How-to knowledge, which is the second type of knowledge, consists of
instructions on how to use an innovation properly. Even professors with technical skills may

not employ technology in the classroom if they do not know how to use it properly 2*.
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Because students require assistance in order to use technology successfully for education, it
is not used to the expected extent ***. According to Rogers, this information is a crucial factor
in the decision-making process for innovations. Prior to the trial of an innovation, a person
should be sufficiently knowledgeable about how to use it in order to increase the likelihood
that it will be adopted. For reasonably sophisticated technologies, this unders&a,&ing is

(O

The final category of knowledge is principles-knowledge. The opera@eories that explain

therefore much more crucial.

how and why an innovation functions are part of this knowledie%!e an innovation can be
embraced without this information, its discontinuation@ result from misuse of the
innovation. The main obstacle to faculty using techp&@}r in the classroom, is that faculty

lack a clear understanding of why or how to 05, Technology education and practice

should offer both know-how and know-v% eriences in order to generate new knowledge
206 In actuality, even if a persoi sesses all the essential knowledge, this does not
guarantee that they will ado@ innovation because a person's attitudes play a part in

whether or not the inno@ is accepted or rejected 277,

x@?’b
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Figure 2.5: Rogers Diffusion of Innovation-Decision Process Model.

Source: >%
2.2.1.2.2 The Persuasion‘Stage
Although "the establishment of a favorable or unfavorable attitude toward an innovation does
not necessarily lead directly or indirectly to an acceptance or rejection of an innovation," the
persuasive (phase takes place when the person has a positive or negative attitude toward the

innovation 2%

. The persuasion step in the innovation-decision process comes after the
knowledge stage since the individual forms his or her attitude after learning about the

invention. In addition, Rogers claims that the persuasion stage is more emotive (or feeling)
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focused, whereas the knowledge stage is more cognitive (or knowing) focused. As a result, at

the persuasion stage, the individual is more sensitively involved with the innovation.

Individual attitudes and beliefs regarding the innovation are influenced by the degree of
uncertainty surrounding its functionality and social reinforcement from others (colleagues,
peers, etc.). While information about a new innovation is frequently available @ utside
experts and scientific evaluations, teachers typically seek it from trusted=friends and

colleagues whose subjective opinions of a new innovation are most &cing. Through the

decision step, people keep looking for information and messafe$1t innovation appraisal

210' Q
N\

2.2.1.2.3 The Decision Stage 6’6

The individual decides whether to accept oﬁ\ﬁme innovation during the decision stage of
the innovation-decision process. Rejeﬁ\(b\indicates "not to adopt an invention," whereas
adoption refers to "full use of an%ko tion as the best course of action available" ?!!. Since
most people prefer to ex e@ an innovation in their personal situation before making an
adoption choice, inn%at that have a partial trial basis are typically adopted more swiftly.

The innovation@

process can be accelerated by the vicarious trial.

Howev%’bany point in the innovation-decision process, rejection is conceivable. Active
rejecm and passive rejection are two different sorts of rejection that Rogers described. In a
situation of active rejection, a person tries a new innovation and considers adopting it, but
ultimately decides against doing so. A decision to discontinue using an innovation after

initially embracing it might be viewed as an active kind of rejection. The person does not
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even consider adopting the innovation when they are in a passive rejection (or non-adoption)
stance. According to Rogers, previous diffusion research has not sufficiently discriminated
between and researched these two types of rejection. In rare circumstances, the knowledge-
persuasion-decision phases might be completed in the reverse order. This order exists, and
group impact on innovation adoption can change a person's personal innovation d ion into
a collective innovation decision, especially in collectivistic societies like </’ Eastern

nations *'2. The implementation stage, however, always comes after th cision stage.

2.2.1.2.4 The Implementation Stage %

An innovation is applied during the implementation stag Qver an invention introduces

the newness in which “some degree of uncertainty, is@h’ed in diffusion” ?!3. At this point,

uncertainty regarding the innovation's results ca e an issue. Thus, in order to lessen the

level of ambiguity regarding the outcom %\\glmplementer may require technical support
.

from change agents and others. Additienally, the decision-making process for innovations

will come to an end since "thQdiUon loses its distinctive quality as the individual identity

of the new concept fad&@Q

Reinvention is@@ component of this stage because it typically occurs during the
implemen phase. The term "reinvention" refers to "the extent to which a user changes
or m\& an innovation during the adoption and implementation phase" ?!°. Additionally,
Rogers clarified the distinction between innovation and invention. While "a new concept is

nn

discovered or generated via the process of invention," "a new idea is used through the
process of innovation adoption" ?'°. Rogers went on to say that innovation gets adopted and

institutionalized more quickly the more times it is reinvented. Computer technologies are
69



more open to reinvention since they are innovations with a wide range of potential uses and

opportunities.

2.2.1.2.5 The Confirmation Stage

The decision to innovate has already been taken, but at the confirmation stage, the person
seeks evidence to support the choice. It was asserted that this choice may be oveQne if the
person is "exposed to competing information regarding the innovation" £'7. "However, the
person prefers to avoid unpleasant messages and look for afﬁrminé%sages that support
their choice. As a result, at the confirmation stage, attitudes be@more significant. This
stage is when subsequent adoption or discontinuance »depending on the degree of

support for the innovation's adoption and the person';@dset.

Discontinuance can happen in one of tw \@during this phase. In the beginning, the
person rejects the invention and m@ it with a superior innovation. Replacement
discontinuance is the name givegﬁ%s kind of discontinuation decision. Disenchantment
discontinuance decisions a@altemative sort of discontinuation choice. In the latter, the
individual rejects the% ion because he or she is dissatisfied with how well it performs.

[ ]
The innovation@

of discontj Qse choice. Therefore, it does not offer a perceived relative advantage, which is

ing the individual's needs could be another justification for this kind

an irh&on's primary characteristic and influences the rate of adoption

2.2.1.3. Attributes of Innovations and Rate of Adoption

In order to reduce uncertainty regarding innovations, a study referred to the innovation-

" 218

diffusion process as "an uncertainty reduction process" “'°. He then suggests characteristics
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of innovations that can do this. The term "attributes of innovations" refers to five aspects of
innovations: relative advantage, compatibility, complexity, trialability, and observability. All

these have earlier been explained.

.2.2.2 Task Technology Fit Model

The Tasks Technology Fit (TTF) model is another technology acceptance Q% from
information system literature that can match technology implementation réquiterents to the
demands of the tasks assigned. As demonstrated in Figure 2.6, é\ﬂodels have three
constructs: "task characteristics," "technology characteristics," %erson characteristics."
The last outcome variable, "performance," is inﬂuence@ "technology fit" principle,
which is influenced by all three components. The@ model's constructs describe how
technology can assist a job task by "fitting" the ements of that task to the capabilities of
the technology that has been adopted 21:&\

According to the TTF model, te%‘é‘a\gy can only be used at work if the tools given to the
employee are appropriate f;&\%qpleting the task that was assigned to them *?°. Users with

experience will select thedools and features that will best help them to complete their tasks
with positive o@ L,

x@?’b
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Task-Technology Fit

Task
Characteristics

Technology . Performance
Characteristics 4| Task-Technology Fit Impacts

Y

Individual
Characteristics

Figure 2.6: Tasks Technology Fit Model %'

Source: *22 QQ

2.2.3 Technology Acceptance Model (TAM) er

The theory of planned behavior and the theo casoned action served as the foundation
for the development and extension .of \%chnology Acceptance Model (TAM) and its
updated iteration TAM2 ??°. The b@hal of TAM is to identify the factors that influence a
person's decision to embracé@u‘, ng-edge technology in any business. The model makes an

effort to describe user lﬁ@% across a number of different computing systems.

Figure 2.7 exp@onnections between the model pieces in TAM. The model depends
on two as ions to determine the behavioral intentions for utilizing a specific technology:
“per@ ease of use" and "perceived usefulness." The idea that using technology will
enhance one's ability to accomplish one's work is known as "perceived usefulness." The
notion that using a piece of technology will be simple to use is referred to as "perceived ease

of use." According to TAM, external factors like training, the development process, and
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organizational roles could have an impact on a person's behavior about their intention to use

technology >%*.

Perceived
Usefulness
External Attitude B Behavioral % Actual
Variables Towards Using | (Intention to Use[ | System Use
Perceived
Ease of Use
Figure 2.7: Technology Acceptance Model Q\J

Source: *» 6’6Q

Two significant improvements to the techlb\@cceptance model to create the technology
acceptance model 2. were made (see.s@ 2.8). First, subjective norms which only had an
impact on the intention to use if t@{s was required to use the technology and not willingly.
Second, external variables . %eﬁned and their connections to the model constructs were
revised *%°. As a resul&ﬁﬂ expanded TAM categories by including "subjective norms" as

an additional @

expanded ,i@fAM’s "external factors" into TAM2's "output quality," "voluntariness,"

or "intention to behavior" in situations involving forced use. Also

"res sglnonstrability," "experience," "job relevance," and "image."

TAM2 was later revised to become TAM3, as shown in Figure 2.8. TAM3 included
additional mediators that have a direct impact on "perceived ease of use," ultimately

impacting the user's "intention to behavior," whereas TAM2 extended the external variables
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to mediators or influences that have an effect on "perceived usefulness." Perceived delight,
computer anxiety, perceived external control, computer self-efficacy, objective usability, and

computer playfulness are some of these mediators 7.

Experience Voluntariness

Subjective \\ |
Norm /

Image

Perceived - Intentio_n to __ Usage
Usefulness Behavior Behavior
Job Relevance
Output Quality Perceived
Ease of Use

Results
Demonstrability

Figure 2.8: Technology Acceptance‘@j 2

Source: 2% é

R
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\?’7’6
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| Computer Anxiety
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Ease of Use

| Perceived Enjoyment
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Figure 2.9: Technology Acceptance

Source: *%°

A number of scholars v@amined the technology acceptance model and believe that
several of its chflra%s‘ucs, particularly perceived utility, are insufficient or have only a
small amount (@licaﬁon outside of the workplace >*°. This appears to be the result of the
structures M failing to capture the variety of jobs performed by end users or the limits
imposeds by vastly different working environments. Management control, customer
satisfaction, task innovation, and task productivity were found to be invalid for net benefits

21 A study criticized the TAM and TAM?2 versions for lacking factors that adequately

Q;(o

s

Intention to
Behavior

Usage
Behavior

capture the change in organizational culture and the business process >*2.
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Metrics like "increasing job performance," ‘"enhancing job effectiveness," and
"accomplishing tasks more rapidly" are not reliable indicators of perceived usefulness. It was
discovered that the use of ICT, whether it was optional or required at work, would result in
inconsistent findings from information system research 2*°. The results of empirical
information system research on the effectiveness of ICT adoption have freque% been
contradictory 2**. Since it appears that users' views of ICT influence do cha Qtime and
among social groupings, perceived usefulness should not be viewed as Vinija static quality
235 A study contended that the importance of re-invention and learii gauging perceived
usefulness has been underappreciated. It was further asserted TAM has been ignored and
has diverted researchers' focus away from competing t&qr because TAM aims to enlarge
the model to accommodate changing ICT settings 6’bﬁch TAM version is now recognized
is uncertain because there are several diff \@ersions of TAM and because TAM is based
on several different collective models @eories of individual behaviors and perceptions >*’.

To improve the model's utility, @s‘as suggested that adding extra variables to TAM that

N
reflect social and human gl ts 238,
N
Table 2.6 is a suns@‘ of the three key theories identified to be relevant to the proposed
research and\ho \ach of them is important to the research objectives. Rogers Diffusion of
Innovati ’beory is considered relevant to all the objectives of this study, Task Technology
Fit Model is considered relevant in objective 1 and Technology Acceptance Model (TAM) is

considered relevant in Objective 3 and 5

76



Table 2.3: Theoretical framework and Research Objectives

Research objectives Applicable theory

1. identify different BIM software applications used by Rogers Diffusion of Innovation
professionals in the building industry Theory/
Task Technology Fit Model
2. examine the awareness level of BIM uses across Rogers Diffusion of Innovation

building stages in the Nigerian building industry. Theory Q

3. evaluate the level of usage of BIM across the building Rogers Diffu<1o nnovation
stages in the Nigerian building industry Theory/ nology

Ac% Model.
4. identify factors that influence the adoption of BIM in @e Diffusion of Innovation

the Nigerian building industry. Q ory
5. analyze the significant BIM benefits in the N@ Rogers Diffusion of Innovation
building industry. ’b Theory/Technology
Acceptance Model.
AN

Source: Source: Researcher’s Summam Literature Review, 2023.

2.3 Review of Empirical St%g

2.3.1 Comparative Reyie QBIM Adoption: Global Context
Around the worlg,& are several inquiries and studies on BIM creation and use. A study

a value f ption >*°. This is ascribed to industry confusion, a dearth of credible studies,

created a gl;ba@ of BIM adoption; Africa is the only continent that has not been assigned
and a\iw degree of BIM implementation in African nations. Lessons were planned to be

learned at the country level, specifically their respective adoption trends, in this perspective.

Several countries around the world have been working to safeguard the digital transition; for
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example, the United States, United Kingdom, Australia, Singapore, South Korea, Denmark,

Russia, and Finland, to name a few.

Some bodies survey the BIM adoption and provide NBPs from many of these countries, to
maintain guide and keep track of the BIM progresses. BIM Innovation Capability
Programme (BICP) —Ireland; National BIM Reports by National Building Spquﬁons —
UK; NATSPEC —Australia; and Smart Market Report by McGraw Hill Co@/@on — USA
are some of the bodies. For a comprehensive assessment of BIM ttan and its business
value, McGraw Hill Construction remains the only source of N@O.The social aspects of
BIM adoption, including readiness, awareness, adoption 1@ abilities (stages), as well as
impediments and motivators for adoption and im@@taﬁon, have been the subject of
several recent academic discussions **!. These i es (by nations and organizations) have

had a big impact on how the BIM adoptio }q;ess was revolutionized.

According to research done to assﬁhl\e business value of BIM in the US, the adoption of
BIM increased signiﬁcantly%@ 28% in 2007 to 48% in 2009 to 71% in 2012 ?**. Further
study looked at North\éerica in five different regions: The West, Midwest, Northeast,
South, and Ca(.d/\s&no ing that the West of North America had the highest level of BIM
adaptation (@/g); Canada was second at 72%; and nearly half (49%) of BIM users in the US
had f(@/@ears or more of experience ***. 46% of US infrastructure projects were employing
BIM, and 73% of those projects said they had only recently begun using BIM. The research
revealed that BIM usage has increased significantly over the past four years, however,
infrastructure projects have lagged behind vertical construction projects by three years in

adopting BIM. A similar study was undertaken to determine the business value of BIM in

78



Europe. According to this study, more than one-third of the industry in Western Europe (UK,
France, and Germany) have used BIM. Architects were the most likely to adapt, at 47%,
followed by engineers (38%). One-third of participants said they had more than 5 years of
BIM experience, compared to almost half (18%) of those in the US. Despite having almost
similar levels, France led in BIM adoption with 38%, followed by Germany (36Wnd the

United Kingdom (35%). Engineers were the first to embrace BIM in France 240

C

The UK Government's BIM policy has placed a special emphégq measuring BIM
knowledge and utilization in the UK construction industry. It%lso identified specific
targets and areas for expansion. Similarly, the Natia@ lding Specification (NBS)
produced its first BIM report in 2011 to assess the Ug’b@ﬁnce toward BIM. According to the
results of this poll, 43% of respondents were npb re of or used BIM. The percentage of
respondents who utilized BIM was 32%, @percentage who expected to use BIM within
the next year was nearly double (6 , ’S“ n addition, the results of the 2011 BIM Survey
conducted by the Quantity Sq@l\g and Construction Information Technologies Business
Group and the RICS B@ing Group show that 56% of Quantity Surveyors and Building
Surveyors in the Uﬁﬁlize BIM on average. Nearly a quarter of the participants (23%) said
they used it "ir&?lently or in limited fashion". The majority of respondents—47%—said
they di%%monitor the advancement of BIM tools and processes to adopt BIM. Similarly,
the Corstruction Sector Network (2012) indicated that 57% of UK construction companies
were using BIM, and 56% of these companies appeared to have been using BIM for more

than four years.
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Furthermore, a survey was undertaken in 2012 by the National Federation of Builders to
gauge the UK's contracting industry's level of BIM readiness. Findings revealed that only
36% of contractors had ever worked on projects utilizing 3D drawings, clash detection tools,
schedule integration tools, or other BIM features, despite almost half of them (48%) viewing
BIM as a crucial concept that will enable core competency within their businesse&n&v or in
the future. A comparable survey was conducted in the Middle East to ai % regional
planning and development of BIM programs and infrastructure. This/@gfcluded a wide
spectrum of experts from various industries working in the Uni ab Emirates, Saudi
Arabia, Qatar, Oman, Bahrain, Kuwait, and Jordan. Acc to research findings, the
region's BIM utilization rate was 25%, which is considered¥noderate but not extremely low
when compared to the BIM usage rates in the US @% and Europe (36%) respectively. The
assessment said that while the area knew @fglM, it lacked experience. The three main
advantages most frequently mentioh@ BIM users were a decrease in design errors,
increased productivity, and greaéquality control. The primary barriers to BIM adoption

were determined to b$\0f qualified employees and the high cost of the software.

According to the reseatCh, the Region would have an adoption rate of 80% and
implementatio@f 0% in 2025 4,

O

A study@iﬁed the barriers to BIM adoption and ranked them according to relevance. This
stud}Rvides valuable insight into the UK BIM adoption strategy and, more significantly,

points out the biggest challenges so that adopters may focus more on them 2/

. However,
removing one or more obstacles without eliminating all of them won't put an end to the

problems with BIM adoption.
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In the NBS research from 2018, there are two categories of hurdles to BIM adoption: internal
(i.e., a lack of training, knowledge, and investment capital) and external. A study collated the
most recent hurdles and, for the simplicity of the analysis, divided them into five categories:
human, legal, management, cost, and technical. 22 gathered adoption hurdles for BIM were
taken from 62 publications. That does not necessarily hold for all professionsﬁiectors,
organizations, or even nations as a whole. For instance, the UK reported 1 in their
continuous BIM evaluation survey *** however, these are not the saml%gw that Sun, 2+
extracted. The lists do have several features and terminology, tho or instance, it was
observed numerous obstacles to BIM adoption across t‘k@]( and claimed that these

obstacles frequently stem from organizational preparatt&;a

2.3.2 Review of Studies on BIM Diffusi%%r? Adoption in Nigeria and Other
Developing Countries @

Although both developed and deé%}qﬁ countries continue to face challenges, the

developed countries are ahead@s to the efforts of certain governments and institutions >'.

The deployment of BL@Q\not yet reached the desired level >, BIM's slower rate of

adoption in devd@coun‘[ries was found to be due to a lack of government support and

knowledge, gsd( of implementation guidelines or methods, and a high cost of

implem ’h)n 233,
N

According to a study, the adoption rate of BIM is only 30% in the Middle East and is only
slightly higher in Africa *°*. Also, Kenya's construction industry is still falling behind in

adopting BIM, which has resulted in subpar information management and project stakeholder

255

coordination “>. Only 13 percent of the 268 participants from private and public
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organizations in Malaysia, had adopted BIM ~°. This issue was attributed to low awareness,

sluggish acceptance, and unclear policy guidelines. Malaysia.

In Nigeria and other African nations, few studies have examined the adoption and use of
BIM 27238 Like most developing nations, the Nigerian building industry is considered to be
in its infancy when it comes to BIM >°% 2¢°_ This is true even though NigeQa West
Africa's largest construction industry 2°'. BIM adoption in Nigeria is low déspite=d good level
of knowledge. A survey conducted found that 32.6 percent of th@respondents were
aware of BIM technology. The respondents were asked to re%j Yes or No on their

awareness of BIM technology 2. Q

The only project in which BIM is implemented@rlbl.e from conception to construction
stage in Nigeria is the Eko-Atlantic Cit which commenced in 2010 and is still
ongoing. The project is aimed at restoﬂ\@nd lost to coastal erosion over the last century. It
is a public-private partnership-ba%cape of project between South Energy X and the Lagos
Government. It uses an i@ion-shaﬂng platform referred to as Eko-Atlantic Mobile
Application (EAMA)%&gmented Reality (AR). The EAMA is an easy-to-use application

that regularly @

easy naviggb for the users across the construction works by moving their mobile devices

arou@

The history of Eko Atlantic City (EAC) can be traced back to 2003 when the Lagos State

oject presentations, featuring an enhanced virtual tour; this enables

Government was in search of the best way to solve coastal erosion problems at Bar Beach off

Victoria Island. Between 2003 and 2005, efforts were channeled towards investigating the
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project's feasibility in solving coastal erosion problems. This gave birth to a new city with the
sole purpose of protecting shorelines and providing more housing units ***. EAC is a unique
city intended to originate from the Atlantic Ocean and is being created to revamp the
shorelines of Victoria Island that have been destroyed as a result of coastal erosion. The
construction of the city was executed under a public-private partnership bet South
Energy X Nigeria Limited (SENL) and Lagos State Government. The city is a@ t making
Nigeria one of the attractive tourist destination in Africa which 'llgﬂter economic
development. In terms of power administration, the city is categor gs its metropolis and

will operate on its administration. It will likewise be a seawancial zone and permit the

free movement of capital by speculators . Q

The city is specially designed for a wide rang tivities including financial, residential,
tourist’ accommodation, commercial, an & activities. Upon completion of the project,
it is expected to accommodate 250,@&1 itants and 150,000 commuters. In addition, it is
anticipated to have 10 distni%%ich include; Business Districts, Harbor Lights, Marina
Districts, Downtown, @d, Avenues, Four Bridges, Eko Drive, East Side Marina, and
Ocean Front. Thf:}&n of the city is exceptional as it encompasses independent power
supply and &Qatmen‘[, advanced telecommunications, a low carbon footprint, no on-
street p%’@, an international school, and a hospital which were all included in the EAC
BIM\m{del. It was added that most buildings in the EAC project were high-rise buildings
with setbacks to minimize the effect of shadows on infrastructures. Some of these buildings
are named as follows; Eko Corporate Tower, Eko Boulevard, Le Reve Tower, Afren Tower,

Eko Pearl Towers (Champagne Pearl, White Pearl, Black Pearl, Indigo Pearl, and Acqua
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Pearl), Azuri Peninsula, Arep Towers, International School, Atlantic Business and Residence,
Eko Mall, Eko Energy Estate, 3-Marinas, and Eko At- Atlantic Medical center. In terms of
value, it was revealed the cost of waterfront and inner-city plots to be $2,000/ sqm and

$1,000/sqm respectively while the estimated project cost stood at $6 billion %°.

A study acknowledged the vital role played by BIM in the EAC project as it enQAsthat all
aspect of the project was fully captured without omissions %¢’. BIM is a @ant tool in
enhancing lifecycle and knowledge sharing in the construction @%& 268 Despite this
importance, BIM is yet to be fully implemented in most cons@on projects as a study
recorded a 40% level of awareness **°. The EAC project C@Qated the significant benefits
)
industry. Plate 2.4 — 2.9 shows some of the BIM% Is developed for the EAC project.

0

that can be derived from the full implementatio IM in the Nigerian construction




Plate2.5: Azuri Peninsula
Sources; 27!

Plate 2.6: Marina Residences < Q
Sources: 272 /\

Plate 2.7: Southern Boulevard ’b
Sources: * ™\

Plate 2.8: Ek@r owers
Sources: 24

Plate 2.9: Atlantic Resort (Internal)
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Sources: 27
However, there is limited research on BIM within the study country on a general level
beyond a specific discipline and or city in the country. This can be noticed in the fourteen

compiled published works as seen in Table 2.9

2.3.3 Review of Studies on BIM-Compliant Software Application@d by
Professionals in the building industry <
To meet the growing demand for BIM-enabled construction in élding industry, a

variety of BIM-compliant software has been developed over time%is still being developed.

A major player in BIM software remains Autodesk; as dustry's first producer of BIM
software, they have remained in the lead in terms of ;@Bre products to be used in BIM ¢,
Among the software produced by them are Au Revit Architecture, Autodesk Quantity
Takeoff, and Green Building Studio *” e 1 provides a breakdown analysis of the

%bout the software, its use in relation to BIM,

different software, including 1nf0rre§§'{

professionals who frequently “%and the BIM-related services it provides to professionals.

Table 2.4: List of BI gnpliant Software Applications

20

S/N Softwqre\_/\ Use Professionals Services Available
1. TeklaG Steel and Concrete Structural, Steel and Structural Designer,
S%’bres Detailing, structural Civil Engineers Tedds, BIMSight
\/ models
2. Archicad Architectural BIM CAD  Architects Parametric Modelling

and Design, Data
Interchange, Remote

Access and
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3. ArchiFM

4. Green
Building
Studio

5. Masterbill

6. Revit
Architecture

7. Skecthup

8. PowerCivil

9.  Digital

Asset Planning,
Maintenance, Reporting
Services

Analysis of Green
Building requirement,
Energy Analysis,
Interoperability
Integrated CAD and
BIM enabled
measurement Module
Architectural Designs,
Structural and MEP
modelling
Architectural and
Mechanical Des
Models, Inte i'sh

Integrate % building

@&l lanning
I ation Sharing and

Project &teroperability of

10. v,b%ks

&%

various CAD softwares.
Complement 3D Design
Packages, 4D Time

simulation
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Facility Managers,

Estate Surveyors

Green Building
Experts, Designers,
Contractors and

Planners

Collaboration

BIM Computer Aided
Facility Management
Software

BIM-Green Building
Stand

1\{;@.

tegration

Quantity Suweyoré\BIM Enabled

Estate Survey

Project Sc ers

Archite@ervices
an%@l Engineers

\Q’Qrchltects

Mechanical and
Interior Designers.

Design Team

Architects, Modelers,

Schedulers

Architects, Quantity

Surveyors, Scheduler,

Project Managers.

estimating and
Scheduling (4D BIM).
4D BIM modelling and

Parametric Design

3D modelling

Site Development

Architectural computer

aided design

Roamer, Publisher,
Clash Detective,
Autodesk Renderer,
Quantification,
Timeliner, Animator,

Scripter



11. Autodesk Quantity Take-offs Quantity Surveyors, 3D and CAD enabled

Quantity Scheduler quantity taking off
Takeoff

12. VICO Virtual Construction, Contractors, Quantity 5D BIM Virtual
Software Quantity Take-offs, Surveyors, Scheduler, Construction

Estimation, Production

Project Scheduling, Cost *

Control. ( 0
13. Bentley BIM  Architectural Designs, Architects, Services Architectural,
Suite Structural and MEP and Civil Engi@ engineering and

modelling, Construction, 3D

0 Modelling

14. QS CAD Quantity Take-offs Qua@weyors 3D and CAD enabled

NS

quantity taking off

Source: 278, 279,280

"
2.3.4 Review of Studies on Factoé@lnﬂuence the Adoption and Optimization of
BIM . AQ
Several researchers have ‘%‘t\igated factors that influence the adoption and optimization of
BIM in different, o&h‘*ies. Whereas some of these factors were identified as barriers that
limit adopti ,gni}e others are considered drivers or critical success factors that encourage

their ainbu in the building industry. These categories of studies are reviewed in this sub-

sectio\n{mlow.

2.3.4.1 Review of Studies on BIM Adoption Success Factors or Drivers
Research on influential drivers of BIM adoption has been extensive, but mostly discussed

through a particular BIM lens of theoretical framework and neglecting the correlations and
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combination of different theories. It was noted that because of the particular theoretical
lenses that researchers embraced, there is dispersion in the investigation of the BIM adoption
drivers and variables - across many studies. For instance, a study that used the Institutional
Theory to examine the influence of only the isomorphic pressures (i.e., coercive, mimetic,
and normative pressures) in isolation from other factors (i.e., innovation charactes%:s and

internal characteristics) found that the isomorphic pressures had a signiﬁci ct (INT)

281 /\

O
Another study employed the Technology Acceptance Model th%s a theoretical lens to
help it investigate the effects of just two variables, n erceived ease of use and
Perceived usefulness," on BIM adoption (Ahmed a; Pé@assem 2018). Therefore, all BIM
adoption drivers identified from 11terature categorized into three namely: BIM
innovation characteristics drivers, intern X ronment characteristics drivers and external

environment characteristics drivers %"a discussed below.

i.  BIM innovation ch&ﬁrlstlcs drivers
Relative advan@
: . \“ : :
Relative advar&g} rs to expected advantages or perceived profits supplied by the
innovation 61 organization and the degree to which an innovation is viewed as being
supes'%%an the preceding notion 2%, Some researchers stated that, relative advantage is the
most precise predictor that significantly contributes to evaluating the rate of innovation

adoption 2%% 284, Relative advantage was first presented by Rogers in 2003. It is an important

factor that drives an organization's behavioral intention to embrace an innovation and
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decides whether an innovation (like BIM or ICT) is relatively advantageous through the

estimated benefits 285286,

The proportionate advantages that an innovation offers a potential adopter (such as financial

287 According to earlier research on

gain and social standing) depend on its nature
innovations in the ICT/IS, relative advantage positively promotes the adoQ*)f the
innovation 2% 28% 2% The relative advantage of some technologies, accordir@/@wr studies,
may not be significant across industries. Such research ack@&ged issues like:
unrecognized expenses, the requirement for human resou@for maintenance and
promotions, the potential loss of general asset control, an@gv quality of the processes of
the factors that affect the relative advantage of inno@s 291 Because of this, the relative

advantage will prevent people from adopting in ns 22,

\O

The positive influence of relative adyg&ae 1s seen in the context of BIM adoption in the
form of, for instance: economic/ﬁn&@ benefits (i.e., cost savings), marketing aspects (i.e.,
firm marketing is supported.@IM adoption), use of 4D BIM for sharing the construction
plan %%, and support\barious activities and processes across the AEC industry %%
Therefore, reladciéh tage might show the degree to which BIM adoption is predicted to

improve exi@g work performance >
\Oompatibility
"The degree to which an invention is reliable with a potential adopter's current values, prior

experiences, and current needs" is how compatibility is characterized. According to

numerous research on ICT/IS adoption in organizations, compatibility is a crucial element in
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the adoption of new technologies **°. A relative advantage is given to the organization or
potential user when a certain innovation, such as cloud computing, is compatible with present
business procedures. According to earlier research, the perceived usefulness and simplicity of
the innovation will increase the 'behavioral intention' to adopt it by increasing the

organizations' existing work experience and responsibilities 277 298299, 300, \

Similar research has been done in the area of BIM adoption, where com@/@r has been
acknowledged as a key factor influencing potential adopters' beha@gﬁntention to adopt
BIM 1392 According to a study, interoperability with existing @ows and processes is a
requirement for organizations adopting BIM because Q ieved to improve business

performance and operations *%

. In this context, soft»be ompatibility can be thought of as
the ability of BIM technology to enable infornwbb‘sharing among distinct BIM platforms.
Therefore, the absence of such comp 1b\k prevents organizations from successfully
adopting BIM 3%, \E_;\\'
Complexity .$Q

Complexity is "the de@to which an innovation is seen as difficult to understand and
utilize," %% 3066\}&6 ognized as one of the crucial innovation traits that influences an
organizatior@esire to embrace an innovation (i.e., its behavioural intention) *°”. When
eval%%’ge advantages and challenges of new technology innovation, complexity is seen
to be one of the most important indicators and predictions *'°. Innovation's intricacy can
come in many forms. It might make it more difficult to comprehend innovation, as evidenced

by the differences between low-tech and high-tech developments. It may also demonstrate

the novelty (originality) of an innovation. Organizations are less inclined to adopt
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innovations that are more difficult to deploy and less testable because they are more unclear

about their success and have a lower likelihood of boosting organizational performance 3''.

Complex innovations require additional adoption management skills, such as creating an
environment for innovation, integrating the innovation into current organizational procedures,
maintaining awareness of resistance to allow for effective implementatiere lving
opposition to innovation, and accelerating its adoption by organizational p@l 312 Prior
study has revealed that complexity is a barrier to an innovation's a@n by organizations
(such as ICT/IS), as it reflects the degree of difficulty to use 2$ovation, which causes
some uncertainty *'* 314315 Similar to this, earlier BIM nd that organizations were
less likely to embrace BIM when it was more ;@sticated 316, 317, 318 Therefore, an
innovation's likelihood of being adopted by organizations increases with how easily it may be

incorporated into business operations *!°. \

N
Trialability \(—)\
"The extent to which an ide .&{&%tested with on a limited basis" is referred to as trialability
320 Additionally, it of}ﬁblhe chance to test out innovations before deciding whether to
accept or rejec@/&%@f Such a trial shows how simple it is for a potential adopter to try the
new inventiém. Trialability has been found in earlier studies on ICT/IS innovations to
posi’v%g)nﬂuence the adoption process 3. Similar to this, extensive studies 32+ 323 326, 327
have suggested that trialability is a key element that influences the decision to adopt BIM.
Trialability also offers the opportunity to examine the unique benefits of BIM without bias or

harm to the company's bottom line 2%,
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Additionally, the innovation trialability reduces uncertainty and tends to increase the

adoption rate 3%’

. For instance, trialability offers the intention to test BIM in a limited way,
the likelihood of risk reduction through testing BIM before potential adopters decide to adopt

it, and the desire to determine how BIM would affect the performance of the firms by testing

its features **°. However, lack of social practice that encourages sharing of advanﬁ&es and

experience of BIM implementation among potential adopters’ challenges :tl ity as an

adoption factor ', /\
Observability %

Observability is "the degree to which the outcome Q innovation are visible to
others"(Rogers, Singhal, and Quinlan 2019). It is h ident and well-communicated the
results of embracing an invention *32, Observa%%nd trailability are major elements that
affect an innovation's adoption, accordi g@a large body of prior research on ICT/IS
innovations 333334335336 However, (é%g\'t ies have reached quite divergent conclusions *"

N

338,339,340 Similar contradicto@lusions have also been reached by a number of research

on the adoption of BI\\@‘B.

For instance, G@ed that BIM benefits are hard to see, hence observability has no
bearing on \@her organizations in the UK construction industry embrace BIM **, This is a
resu%%he hesitation to divulge what can be thought of as sensitive and secret financial
information in a market that is cutthroat. Another obstacle is the reluctance to actively
endorse BIM due to the weak evidence of its influence in the AEC industry **. BIM

observability assessment could take the form of, among other things, support for publicizing
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the benefits of BIM, a clear understanding of those benefits, and a desire to recommend BIM

to prospective adopters 34347,

Technological factors
Technological variables reveal the qualities of the innovation that will be embraced ***. In
addition to social systems and communication channels, Rogers recognizes tQ%logical
qualities as one of the significant variables influencing the acceptance lelgations. It’s
claimed that the technological elements are drawn from the "Inno@"&Diffusion Theory
and encompass relative advantage, complexity, trialability, comp ity, and observability,"
based on Doolin and Troshani's (2007) study technique e elements have an impact
on adopters' ideas that they can rationally choose ’8thept a new technology based on
advantages vs. costs. Similarly, a study looked 1 w technological characteristics, such as
compatibility and simplicity of use, affect%d\pc ple's decisions to adopt new technologies **°.
i

fluence of these elements, as measured by the

Frustration with the use of ICT ané_ik%’
supporting technology featu.re%g‘dgfactors influencing the adoption of innovation. On the
other hand, earlier rex@ innovation (such as ICT and BIM) concentrated on both
physical and non—@al aspects *°!» 332333 For instance, factors affecting the capacity of

tools and irfrastruCture; BIM-based platforms for collaboration among AEC disciplines ;

interop@fy of software applications ; and the accessibility and cost of BIM software are

just k@ examples >,

Table 2.5: Summary of BIM Innovation Characteristics Drivers

No. Main adoptionDeterminants influencing BIM/innovation adoption Study
drivers
1 Perceived Improvement of job satisfaction, outcomes, and 355,356,357

94



Usefulness
Perceived
Ease of Use

Relative
advantage

Compatibility Ease of concurrent implementation or iEfation into 7"

Complexity

Trialability

Observabilel}k)' of cost savings by its adoption 377

&&t/

Tecéf‘@gical Interoperability among applications software; Compatibility

productivity by BIM

Convenience of BIM operation 338

Understanding of BIM interoperability and ability to .

implement BIM tools

Ease of getting expected outcomes by BIM
Personal recognition of ease of BIM operation
Productivity improvement; Overall advantageous in my job; %

362

Duration shortening; Improve of task performance speed;
Effective action to risks; and More effective quality con

Cost reduction/saving (}67
Increasing cost efficiency; Improving inventory ’\
replenishment; and Consolidating marketing str
Increasing product security 370

existing processes
Applicability to existing processes without change 372
Compatibility of BIM with myggbnd Compatibility of
BIM with my work style
Expectation that works b\\? easier by BIM; Expectation 37
of smoother work processes by BIM; Ease of learning BIM;
and Improvement ﬁlal cooperation in the organization
Intention to try @ in a limited scope in my works, ~ *’°
before de.ci@ ether to adopt it in practice; Possibility
of risk n with the try-out above before adopting
BIM,i ctice; and Intention to try out various BIM
features’in my works to verify its effects

ommunicability, Demonstrability, Profitability, and 378
Perceived risk

of software; Visualisation of design effects; and
Collaboration platform.

,359

,361

363, 364

Q“"\

, 368,369

,374,375

379, 380

Source: Source: Researcher’s Summary from Literature Review, 2023

Internal Environment characteristics

Top management support
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The level of senior management's involvement in information systems activities and
understanding of the function's significance can be characterized as top management support
¢. The acceptance and execution of advances in information technology and information
systems are known to be crucially influenced by top management support **!. According to a
382, 383,

number of BIM studies, top management support is a critical element in BIM ado

384 1t was also asserted that the success of the BIM adoption depends on :t(@a agement

support 3%, /\

Additionally, it was found that top management support had a s@an‘[ impact on how the
architectural companies behaved with regard to ad IM 3%, In order for the

organization's members to implement the change @iness processes, top management

support is required for the adequate provision urces and integration of services %7 38%

%9 Tt has the capacity to create an envirox\jm ;hat is more supportive of the implementation
no

of IT innovations, facilitating the a@

Furthermore, employees' (@s of innovation and system usefulness increase with top

the innovation °°,

management backing {°' NBhey won't accept it if top management doesn't support it and they
ﬂv

[ ]
don't see how tqe r%’

ention will help their company *°2.

% unication behavior
One of the most crucial traits of adopter categories of inventions (i.e., innovators, early
adopters, early and late majorities, and laggards) is communication behavior ***. A social

system's members communicate with one another through communication channels, which is

explained by communication behavior (interpersonal networks). The categories of adopters
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described by Rogers exhibit various communication behaviors. Innovators' social networks
are typically found outside of their system, not within it. The innovators engage in activities
outside of their local system and engage in extensive travel. Significant changes can be

observed between earlier and later adopters .

Early adopters are more cosmopolitan, more socially engaged, more heavily Qﬁted to
their system's interpersonal communication channels, more exposed to masQn/@a networks,
more engaged in interpersonal communication channels, moreé%ﬂved in effective
information seeking, more knowledgeable about innovations, an@e so than later adopters.

They also interact with change mediators more frequent v@

personal level 3%, 6’6Q

According to a study, communication beh& the construction industry "can either be

teract with them on a more

formal/ intra-organizational communi (example: coworkers interacting within the same
division) or informal/ inter-orgah@&ciaal communication (example: like-minded individuals

of other organizations mee@ and sharing good examples of practice for their individual

organizations @/
others 377, ’66

mutual advantage)" *%% }Qridual concentration has a significant impact on innovation inside
b

ines whether new procedures or innovations will be adopted by

As 21>e§11t, communities of practice are organizationally more helpful for the development

98 In addition, "effectiveness of information flows

and uptake of novel ideas
(communication flows) within organizations; strength of relationships with other parties

(clients, governments, labor unions); learning from external sources; and interactions
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between individuals and organizations within the construction industry and between the

industry and external parties are examples of communication behavior" **°.

Q
R
Financial resources Q/O
The "money accessible to a business for expenditure in the form liquid securities,
and credit lines" is known as financial resources. It refers to "the%t of financial resources
that are readily available for the project" *°. When im ng technology and making
decisions during the BIM adoption process, it is nec@&ry to evaluate the firm's financial
resources. The management of significant ﬁ%bal resources is helpful in preventing
potential losses from an unsuccessful innov%(Rogers, Singhal, and Quinlan 2019). In this
.
context, a study discussed the indic gg\fﬁ company's financial health based on the early

adopters who are best able tQ bQQhe risk associated with implementing new innovations '

Q

In fact, there is a cert&nount of financial resource risk when purchasing the gear and
software neces@ dopting BIM, which also creates demands for staff preparation and
training %%, %mganizational preparedness - as adopter characteristics - to allocate financial
reso%&o organizational innovation refers to the adoption of an innovation (e.g., IT/IS
technologies) 4% 404 405 The choice to implement an innovation should be made after a
financial, technical, and strategic examination. In order to do this, adequate financial

resources must be allocated for acquisition and implementation *°%(Silva et al. 2022)
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The early stages of BIM adoption shown that it would be difficult to deploy BIM without
widespread knowledge of its value and backing from the financial community *’. BIM
demands a large setup investment in architectural firms to begin BIM deployment in
architectural projects. It is possible to divide the budget into "one-time setup costs" and
"general system-related costs" **%. The one-time setup fee includes all expenses ne%ary to
provide the technical components and organizational solutions “°°. While th. @ system-
related cost includes all costs associated with the system's assembly dti!organization's

preparation for the BIM process. According to general beli@vaﬁons with lower

financial costs are more likely to be embraced by organizatio@.

Organisational readiness ’bQ

Organizational preparedness is "a multi-leve multi-faceted concept" that refers to

\Q

organizational members' shared commitm%%o carrying out a changing duty and shared faith
e

N

in their collective ability to do so ( léggge ficiency) *!!. Organizational preparedness is the
period of planning and preg%bn before an organization implements its first BIM
capabilities *'2. A com@vel of "readiness" for BIM innovation is indicated by this term
413 The proactiv@ning a corporation makes for the invention is necessary for the
innovation tu&gﬂﬂopted successfully. A crucial critical success element for IT/innovation

adoptioébhtion has been highlighted in prior studies as organizational preparedness *'4.

For instance, a study investigated three organizational preparedness factors: technology
expertise, senior management support, and financial resources. IT infrastructure, innovation
champions, and top management support were all the subjects of a 1995 study by Premkumar

and Ramamurthy “'°. Other organizational readiness traits, such as centralization, company
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size, formalization, specialization, and complexity, are also examined in IT adoption studies

416

Social motivations
"An incentive or drive originating from a sociocultural impact that initiates behavior toward a
certain objective" is what social motivation is *!7. In contrast to economic reaQ, study
looked at the positive effects of proactive image motives and reactive (motives on BIM

adoption procedures within organizations *'®. Reactive motives p@%ﬁr conform to the

external environment, while image motives actively uphold respectable image of
integrating cutting-edge technologies (e.g., complying needs from governments,
and promising to enhance competitiveness by_e ing BIM). BIM as a socialized

419

innovation process can be challenging because ofjitstitutional pressures

As a result, external forces change sm&%tives and organizational awareness into a crucial
component when forming the a@éﬂ*‘ and implementation procedures **°. Organizations
usually acknowledged tha@l incentives were a crucial consideration when deciding
whether to embrace §&gy 421 The process by which individuals make decisions and the

[ ]
environment i@

422 The function and influence of social motives in knowledge sharing among

they are made combine to produce organizational adoption decisions
empk*eg' in construction organizations were described in a study by “*. It included

procedures that mirrored management behavior, adherence to culture, peer recognition,

reciprocity, and keeping promises.
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Previous BIM/IT study identifies factors that influence how social motives influence
organizations' adoption decisions. Examples include encouraging people to adopt BIM and
managing resistance to BIM change; perceptions and attitudes toward the type of innovation;
managers interpreting social influence based on perceptions rather than concrete
understanding of the real world; positive/negative feelings and emotions toward [4 use; and

Organisational culture 6\

product quality ***

The term "organizational culture" refers to the conventions, ri@s, traditions, and ideas
that all members (i.e., employees) of an organization pr@é organizational unit hold in
common and which aid in the members' compre e% f how the organization functions
(Lin 2021). These shared values provide Jb ear guidelines for employees' intra-
organizational behaviors and attitudes as ﬁ\& their expected inter-organizational code of
conduct “*°. Supply chain managen{ ’\fﬁaegies and the adoption of new IT/IS are thought
to be significantly inﬂuenced@rganizational culture **°. Companies are more likely to

accept an innovation (s@% information system) if the system's norms and values align

with their organfz@ culture *27,

Additiona ompany exercises caution by adhering to its own unique ideals and attributes
rathe\{l% passively accepting the widely accepted traditions in its organizational sphere **%,
In this line, a study examined how institutional forces and organizational culture interact to
affect firms' intentions to adopt innovations while taking into account how the organizational
culture modifies these impacts “*. The social acceptability of BIM (i.e., behavioural

acceptance) from the perspective of architects can be explained by the need for organizations
101



to have an environment and organizational culture that are more favorable to the deployment
of BIM. By doing this, organizations will succeed in their goal of raising staff and

employees' perceptions of the value of BIM, which leads to effective BIM implementation **°.

Willingness
One of the key elements influencing the adoption of innovation (such as BIM@CT) is
willingness #*!- 432, Potential adopters (i.e., retailers) must be aware of the @Q‘ents made
by providers to gauge their commitment to and desire to inves ’Sﬁter-organizational
technologies. At the organizational level, relative advantage an hnological complexity
are the two key determinants of whether businesses are @ o adopt new technology **.
In this regard, a study identified compatibility, sub'eg@orm, and top-management support
as the major determinants of architects' behavio% lingness and intention to use BIM. The
perception of risk-reduction metrics, perc %hazards, and individual participation all have

° \
434

an effect on people's readiness to ac ew technologies

Q

According to Fox and Eze@q. (2019), it may be difficult to reap the benefits of BIM if

there is a lack of e@ ed personnel who are proficient in both ICT and construction.

Lack of appro@%g\f

technolog@vnsequently, one crucial aspect of the deployment of BIM is training **>. The

ning results in the loss of the advantages of implementing new

Valué‘)/gBIM adoption is therefore thought to mostly depend on BIM technological
proficiency training, and when well-trained personnel believe that BIM is simple to use, they
tend to demonstrate more desire to deploy BIM than untrained staff *°. Therefore, potential
adopters may be prepared to employ a new innovation if it can increase efficiency, is simple

to learn and use, and they see less risks and more rewards associated with adopting the new
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invention. Learning interest is influenced by attitude. People will embrace BIM more happily

and successfully when they are not intimidated by the complexity of a technology **’.

As a result, the perceived advantages (useful investment and risk reduction) and perceived
usability of an invention impact the organizational behavior desire and intention to adopt it
(ease of learning and training). The available BIM/IT literature identifies tors that
influence organizations' adoption decisions, such as business interest, stak hc@ interest in
learning BIM and willingness to use BIM, the need for innovation@tativeness, and the

diffusion of innovation, incentives and enjoyment with in%ion, and competitive
advantages in the market **%, Q
Organisation size 66

The beneficial function of organization si ’anovation adoption has been extensively

discussed in literature *3% #40. 441, .Tﬂ&le of organization size in the acceptance of

innovations, however, has beeé@c?\ subject of repeated debate in the literature on

organizations **. Numerm@ies examined the relationships between firm/organization

size and innovation/t egption of new technologies, as well as some of the contentious
&

[ ]
issues that surr(uni;%’

topics 443 444,446

For exa@’éa study investigated the relationship between organization size and innovation
by distihguishing between the integration of radical and incremental technologies; so also a
study discovered disparities between simple and complicated ICT (i.e., internet technologies)
when studying the impact of organization size on technology adoption; and Jung and another

investigated the mediating role of organization size among them resulted in numerous
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associations based on organization size that affect the influence on the organizations

innovation adoption objectives

Table 2.6: Summary of Int

447, 448

ernal Environment Characteristics

No. Main adoption  Determinants influencing BIM/innovation adoption Study
factor
1 Top Senior management support (internal motivations to acti 49,450,
management embrace innovative technologies such as BIM) @
support

2 Communication
behaviour

3 Financial
resources

(Perceived
cost)

N\
S
O
N
iy

Level of bureaucracy (for BIM adoption decision-
Corporate/project leadership style (democracy/a n{y
Centralization, CEO innovativeness, attitu, -- knowledge

and involvement; and Managers tenure, and educational

level. %

Effectiveness of information flo cothmunication flows) 432453
within organization; Level ernationalization; and
Strength of relationships @ other parties (clients,
governments, labour

unions) fb

Demographic factors

External 1ntegra

Learmng fro te al sources
Outsourc

Cost o mentatlon 454,455,

F 1@ resources of organization 456
& ion of approach for building BIM model using in-house

ources or outsourcing
Cost plan duration, Construction cost, Design change cost, and
Construction duration.
Financial resources devoted to IT technologies
Financial perspective
IS investment
Perceived cost
Project-based and Cross-project economic motives
The adopters’ positive experiences and ability to adapt the 437.48.
technologies to successfully sustain and/or enhance business 4%
competitive advantages
Professional BIM technology training
Training and support
Human capability/resources (retention of best people); and
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Innovation capability
Organizational learning capability (feedback of good practice)
Technical competence of staff
Technological capability of organization
Research and development capability of organization
Risks associated with bidding BIM projects (types, size, teams,
locations)
Availability and effectiveness of operations sy@
(products and services), human resource/maint c
system (for keeping the best people), quality ch
mechanism, of marketing and sales system, pro ent
system (inbound logistics), and manageria&y (e.g.,
administrative system)
IT intensity and integration between fun 1 areas of the
company
5  Social Individual and group motivatio M adoption; Need for
motivations: process reengineering for BIM;
Managing people resist to BIM change; and
Socioeconomic conditio

Perceptions and attitujs

Subjective no \Q
Attitude towam ype of innovation (IT)

Social inﬂﬂ% (managers capture social pressure based on
their pe z@%ﬁons ather than an actual understanding of the real

worl
6. Organisational 1fIg environment 461
culture nizational flexibility/adaptability to market
0

0 rporate management style (family owned or public owned)

. % Supervisor and organisational support
( s\\0 Control orientation

7. gness/inte  Interest in learning BIM 462,463
Q"bm Need for BIM personnel and training, and Need to change in
\ ) organization characteristics for BIM
4

Source: Source: Researcher’s Summary from Literature Review, 2023

iii. External Environment Characteristics Drivers

Coercive Pressures
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The formal and informal constraints exerted on organizations by other organizations on
which they depend are referred to as coercive pressures “*. One of the "three isomorphic
pressures" (i.e., coercive, mimetic, and normative pressures) in the Institutional Theory
proposed by DiMaggio and Powell is coercive pressure. Companies are compelled by such
forces to implement comparable organizational procedures and practices 3{These
legitimacy-based motivations (i.e., coercive pressures) originate from i s in an
organization's environment that create policies directly that an orgamz:ﬁ\ st follow and

that are authoritative enough to particularly reward compliance o, e noncompliance “°.

@ ation's structure, environment,

These institutional pressures can have an impact on an or
and behavior; they also encourage an organizationfﬁﬂhere to institutional and political
legitimacy in order to maintain its pos1t10n in al network “%’. These organizations use
their power to force businesses to in particular activities, directly enforcing
limitations on businesses “%*. Co ﬁat use coercive coercion include, for example,
buyers of large percentages Qq/companys output, suppliers of limited resources, and
governmental and reg@% agencies *®. If a dominant network member favors an
innovation (like e@s that member may force its partners to accept the innovation +’°. In
this process@ endent organization would initially notice coercive factors that highlight
the stre:%’lbsymmetries before better understanding the effects of embracing or rejecting the
innovation (i.e., eSCM). Due to its dependence on the powerful partner, the dependent

company's existence may be at jeopardy if its interests conflict with those of the powerful

organization. As a result, the dependent enterprise is more likely to agree to the demands of
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the dominant partner and to implement the innovation. So also, the organization with a

control orientation would probably implement the innovation.

Furthermore, when an organization recognizes a high level of coercive coercion, its powerful
partner/client assigns members of the community to organize supply chain operations. In
comparison to its low control orientation peers, a high control orientation orQiz ion is
more likely to enjoy the excessive implementation benefits that constmct%@e favorable
attitude toward innovation adoption. Because of the potential benef@ IM, governments
(or their related organizations) in several countries have establis@lans for mandatory use
of BIM in public projects. These legal activities, whether lic rule or a project-specific
need, may have a significant impact on the IMbeption behaviors of both venture

customers/owners and other stakeholders, result'ﬂB a higher degree of undertaking .
Mimetic Pressures . @

Mimetic pressures arise prime@s a result of an organization's observation of the success
of competitors' efforts w\hetic pressures are defined as forces resulting from behavioral
confusion about hq& approach a certain issue, carry out a specific activity, or achieve a
specific go 4Q}ecause of this ambiguity/uncertainty, an organization (i.e., company)
imitates §ehaviors of a seemingly successful organization within the organization's

surrou\nﬁngs 473 In this context, 'uncertainty' happens when a company lacks the necessary

information to address a situation.

As a result, the firm feels other organizations in its environment have successfully addressed

similar difficulties and, as a result, prefers to gauge its behavior by that of peer firms. As a

107



result, it imitates organizations that appear credible and progressive. Usually, decision-
makers in organizations think that a behavior of other, comparable organizations is easy to
imitate since the likelihood of gain seems to be larger if such behavior has been successfully
carried out in the past. Therefore, it is likely that businesses would copy other businesses that
operate in similar marketplaces, make use of equivalent resources, or provide sim’d&goods

(O

Therefore, actions taken by comparable businesses are viewed as a@\'ate for a business

ni@ positive link between

474

that engages in imitation *’°. A study found a statistically si

the choice to use BIM and the mimetic pressures *°. This dsion is based on how unique
BIM is in comparison to other advancements. Bl}@plications typically include more
complex organizational interchange and proced% construction projects. Additionally, the
costs associated with BIM are rather subst: %977.
.
S

In addition, such characteristics r@\%}terially enhance the adoption uncertainty of BIM and,
as a result, push firms' d@l-makers to be more effectively influenced by the direct
behavior of counterpatt~ organizations with similar characteristics and institutional
environments. @& t, this influence may be experienced by all project owners and other
stakehold order to become better risk-averse against the relevant threats that are only
part%gicepted by the early adopters, clients/owners typically copy the successful actions

in parallel organizations. This will prevent those clients from falling behind their competitors

and so compromising their credibility *7%.
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The influence of mimetic pressures on the intentions and behaviors of innovation adoption
decision has also been examined in some earlier research on other construction innovations,
which has produced somewhat contradictory findings (Faullant 2022). These inconsistent

results may be reasonably explained by the variances in the nature of such creative activities.

&&BIM),
\J
@ ganization,

relatively large investment costs, and intangible gains, but may also a& stibstantial social

Due to the widespread industry enthusiasm for radical and complex technologies

the adoption decision process typically comprises not only organization

effects. When compared to other innovations that have a lowger , social impact, and

degree of uncertainty, those inventions tend to be more ea fluenced by the actions of

peer rivals 7. QQ
6’6
O
O

Normative Pressures . )\%

Normative pressures are the fact%{aresult from the shared values and norms of network
members, professionalizati \%d group aspirations within certain organizational contexts
that define appropriat Qlawful behavior **°. Through knowledge transfer activities (e.g.,
formal educatiéi&d;slry associations, conference interaction, professional sessions, and
workshop %se behaviors and attitudes can spread and be strengthened within professional
dom}'ﬁsl%l. The organizations that use normative pressures differ from those that use
coercion in that they lack the authority to compel conformity and penalize non-compliance
directly (i.e., in a less coercive manner) “>, As a result, normative constraints do not
intimidate organizations; rather, they cause them to comply as decision-makers acknowledge

their own unique industrial and professional underpinnings **°.
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Consecutively, persons in charge of making decisions believe that adhering to common
standards established by professional and industrial organizations is beneficial for their own

484

business “**. Being surrounded by such professional domains may help firms gradually

improve their views of widely held beliefs and values, and as a result, change how they

485, 486, 487 T nology

operate in accordance with their unique organizational characteristics
providers, industry experts, and academic institutions can also impose no .Qassure on

industry practitioners through a variety of networks, including forrnal cation, professional

accreditation, and industry conferences. %

Moreover, owners and clients may become potential d @elements of such normative
pressures because they are key decision-ma erg,b the implementation of BIM in
construction projects. Through working to etl% th the specialists, those clients/owners
may be better able to understand the i requirements for the deployment of BIM in
their specific activities. They there %dulonal pressure forone adoption of BIM. This
support would result in a greanégree of BIM adoption along with the changing attitudes
and behaviors of other\@ contributors, who might also be instantly exposed to external
normative const )Q* Table 2.4 shows the synthesized and reviewed drivers from the
literature an g

etical lenses from which they are explained. The drivers are categorized

into tecébgy context, external environment and internal environment.

Table 2.7: Summary of External Environment Characteristic Drivers

Main adoption ~ Determinants influencing BIM/innovation adoption  Studies
N factor
0
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1 Coercive Client’s willingness to adopt new technology 489
pressures/ forces  Policy factors 490

Pressure from competitors and peer association in market
An Evident push from governments to expedite the BIM*"'
uptake
Clients/owners support
Initiatives for changes due to the needs of sustainable*’’
design and construction ™ \
BIM mandate
Government promotion Q

Government financial support and subsidy Q/O
Regulation, policy & industry standards /\
Clients’ interest in the use of BIM in their proje

Cooperation and commitment of professional b to its
implementation

Government support and policy thro lation

Influence from partners who have a BIM

Formal and informal pressures Q@e on organizations

by other organizations or go ts

Multi-disciplinary associati essures

Externalities that af B@ tioners’ attitudes
Government Mandate

Dependence m& t company

492

Professional S eficouragement
Refusal t
2 Mimetic Minti chaviours by imitating successful 495,496, 497, 498, 499,
pressures/ forces /competitors in the market 500
:ﬁactices for Constructability Implementation.

Environmental Uncertainty
A .. . . .
5\\‘ ndustry associations’ practice, and Main competitors’

actions
3 Nor e Availability of BIM professionals 301, 502, 503, 504, 505,
P gbres Professional BIM technology training 306
Q Awareness of the technology among industry stakeholders

N

Shared norms and collective expectations diffused through
information exchange activities (formal education,
association participation, conference communication, and
professional consultation).

Source: Source: Researcher’s Summary from Literature Review, 2023

2.3.4.2 BIM Adoptions Barriers/ Limiting Factors
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The advantages of BIM and accompanying productivity increases are well known, and they
are increasingly more obvious as the industry develops its use of technology and processes
397, The industry's adoption of BIM is, however, being slowed down by difficulties that arise
when BIM is adopted and implemented on actual projects. BIM has been dubbed a
"disruptive technology" °% because it has the potential to significantly alter curres%orking
procedures, procurement tactics, legal and contractual frameworks, dat hip and
security, and insurance policies °””. Then there are problems with orga: atgﬂl changes, the
price of software and hardware, the learning curve connected wi Qhe unwillingness of
individuals to change, and overall fear of change °'% !, S authors have explored the
difficulties in adopting and implementing BIM, whi@@ primarily concerned with (1)

adoption at the organizational level, (2) implemen@ at the process-project level, and (3)

obstacles associated with technology. @

Challenges with implementing BI ﬁorganizaﬁonal level relate to changes in policy,

working culture, people, and \1:&% costs. The most hidden obstacle to BIM acceptance and

implementation is fe@nange. When people are successful at anything, it is a

psychological ;C{Q%on that they feel at ease repeating that action. Organizations are

likely to en@n opposition from people who are opposed to the change since BIM is
brin in@%ut multidirectional changes in how people work and operate °'°. Another
problem is that organizations don't have documented BIM standards or workflows,
institutionalized quality controls for BIM models, or globally authorized and accepted BIM-
specific risk detection or mitigation strategies. Due to the lack of historical data and the
ongoing collection of empirical evidence on the productivity advantages brought about by
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BIM, large organizations and insurance firms are currently unable to price and write

insurance policies for BIM projects °'°.

The relationship between present work practices and the projected future of BIM, as seen by
an organization's policies, is what determines whether BIM will be adopted at the
organizational level °'*. To achieve level 2 BIM status in a few years, for ich v if an
organization is currently at zero BIM level it will be a challenging task th ill require
significant resources, advance preparation, and dedication to tl@’%{d{ implementation
process °°. The essential element in determining if BIM will be @ed at an organizational
level is how much it can alter the way that work is now is a frequent misconception
that all current workflows, procedures, and busin sy@els must change if a firm wants to
accept BIM, but this is untrue because BIM ca%&ustomized to meet the needs, allowing
the transition to be more effective '°. Alt &some authors have emphasized the opposite,

saying that the adoption of BIM n@t s considerable modifications to present business

procedures at every level inside@rganization 317,518,

Process-level BIM @1 challenges are related to information transfer bottlenecks, a

current lack of Qr%’é

BIM's bre f ability and associated programming experience, and a lack of understanding

tric content for significant project vendor products, unfamiliarity with

of in\&rability limitations and abilities °'. Furthermore, it was argued that the influence
of BIM on present project management methods and processes cannot be achieved without
equivalent changes in the organizations and skill sets of project participants >, It was

emphasized that the importance of redefining project responsibilities in the current network
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of construction projects, from top management to the bottom line supplier chain, to meet the

BIM process management requirements 2!,

Finally, product-level BIM adoption presents significant technical obstacles connected to the
development and application of BIM technology in projects 72 523, The 1ntr0duct10n of BIM
in the construction sector is sparked by a completely new wave of technolo n many
organizations regard it as nothing more than a collection of software pr@/ The BIM
technology itself is maturing and becoming more purpose-fit as ar@ lications in real-
world scenarios. Some experts have stated that, while BIM tecl&y is widely available,
the most significant barrier to mainstream BIM impleme emains °>*°2°, In addition to
software and hardware restrictions, these technolo ic@llenges include the need to acquire,
study, and educate new technology to as51st the implementation process, such as online
portals, geographic information syste The requirement for interoperability and
integration of BIM software progra ’\%

ata structures throughout the whole life cycle of

BIM projects is well- acknowle%gfamong construction researchers 3%,

For the convenience & ys1s all of the above-explained barriers to BIM implementation

can be further <<! as%é

Legal. Th Q(egorles include 19 sub-factors, which can be seen in Figure 2.9.

d’into five categories: Technology, Cost, Management, Personnel, and

\fechnological Factors
The BIM-based software packages are also called BIM tools. The technological factors refer
to BIM tool-related factors limiting the application of BIM, such as imperfect or immature

BIM software, a lack of standards and protocols, etc. The restricted capabilities of BIM-
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based software are the main factor limiting its application in the AEC industry. For instance,
the lack of scalability, interoperability, and support for remote collaboration, and its
unsuitability for the production modeling of cast-in-place (CIP) reinforced-concrete
structures are the biggest constraints on the mainstream application of BIM 377,

Interoperability is defined by as “the ability of two or more systems or compuents to

exchange information and to Use The Information That Has Been Exchangef’@

Cost Factors 6\
These major costs referred to in the literature include buyin t&M-based software and

hardware, the software service charges, and training c@ c. Cost factors refer to the

money-related limiting factors in the process of B]%@sation 329,

Management Factors E_@

Management factors refer to @process and organization-related limiting factors, and
include participants’ aﬂ@oward BIM applications, the lack of existing successful cases
and management.sg(&%mds for reference, the fragmented nature of the construction industry,
the inappro;%g.b}siness models, and the lack of cooperation from other industry partners.
BIM br%@own the traditional boundaries between firms and enables the sharing of project
data}{more collaborative environment **°. This means that participants must relocate their
roles in the project team and change the workflow of their companies according to the

requirements of the BIM application. The changes in everything from file management to
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client billing, to deliverables, to coordination meetings are multifarious and complicated, and

organizations need time to adapt to these changes >*'.

Personnel Factors
Personnel factors refer to the professional-related limiting factors. The lack of experienced
personnel who are familiar with BIM and have experience using it is anothQ inent
limiting factor. The training and education of large numbers of professionals is'm€cessary for
the wider and better application of BIM. Even in design companies@designers hesitate
to use BIM because of the low efficiency, habitual resistance %ange, and heavy work

demands encountered during the initial period of setting ools 32,

Legal Factors 6’6
Legal factors refer to the limiting factors c{.’@ the immaturity of contractual/regulatory
environment. Legal and insurance ra ‘ﬁﬁuons usually caused by imperfect software can
result in lawsuits *°. Buildin {Q(arma‘uon models are usually created by different
professionals with various @e programs and used by different participants. If significant
losses occur because ncorrect use of building information models, claims will become
=

very comphcat<

e blurred responsibility.

Functionality of BIM tools

Technology Lack of data interoperability
A Need for sophisticated data management
Accessibility of BIM tools
Requirement of computable digital
design data

Cost in terms of time and training
Cost of specialized software
Cost of required hardware upgrades

Cost

Fragmented nature of construction industry

Lack of managers’ and owners’ awareness and support
Lack of collaboration Among the stakeholders

LLimiting Factors of BIM _/ Management Changes in workflows and inappropriate business models
No well-developed practical strategies and standards

Personnel Not familiar enough with BIM capabilities
Need to educate nrofessionals about BIM




3\
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A
O
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2.3.5 Review Studies on BIM Benefits Q

At every point of the project life cycle, BIM @on has a great deal of potential to be
beneficial °**. This technology can be utiliz}\tkg the owners to comprehend the needs of the
project, by the design team to evalu%%\%e, and develop the project, by the contractors to
manage the project's constrgc%%x‘d by facility managers during the stages of operation
and decommissioning %‘%\use of BIM has been demonstrated to be a very effective
strategy for decre@ uncertainty and increasing the effectiveness of the construction
process ¢, I@l enable the quick analysis of various scenarios related to the life cycle
perforrr@of a building, which could result in positive project outcomes *’ it was also
asserted”that BIM is particularly beneficial in boosting the quality of schedule and pricing
information throughout the project lifecycle; greater utility and speed are two of the most

commonly noted advantages >.
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A study in Malaysia identified a number of significant BIM benefits, including: (1) improving
productivity and efficiency; (2) estimating the time and cost associated with design change;
(3) eliminating design clashes; (4) improving multiparty communication and maintaining
synchronized communication; (5) integrating construction scheduling and planning; (6)
identifying time-based clashes; and (7) monitoring construction progress 3*°. An r study
highlighted 12 advantages of BIM deployment in Hong Kong >*. They d that the
biggest advantages are better cost estimates and control, a better und gﬁg of design, a
reduction in construction costs, better planning and monitoring onstruction process,
and an improvement in project quality. A study evaluated I@M benefits in Vietnam; the
top five important benefits were as follows: (1) Better@&oration; (2) More accurate data
from a data-rich asset; (3) Automatic model upd%%) Improved Interoperability; and (5)
Greater Productivity and Efficiency o% oyees . Another study identified 41
advantages of BIM adoption in Tu The main advantages are: (1) timely task and
responsibility planning; (2) enc@gmg collaboration and coordination in the early design
phase; (3) automatic in 0@&011 of design changes into 3D CAD model; (4) lowering
uncertainty in the pr &S by identifying risks; and (5) minimizing time variances in the
processes. In o%/ or any new technical improvement to be successfully adopted and its
benefits t é‘ealized, including BIM, it is typically necessary to identify and address the

issue}w may affect the acceptance by project stakeholders 3. Finding BIM's advantages

in building projects is crucial to promote its adoption.
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As a result, multiple academics from various nations have recognized and categorized
distinct benefits of BIM use in AEC projects. Table 2.8 provides the most significant benefits

of BIM adoption in construction projects from prior studies.

Table 2.8: Summary of Selected BIM Benefits

S/N  BIM Benefits Referenc
1 Improve design

2 Better clash detection >
3 Better coordination /\ 546
4 Reduce rework in construction Q 47
5 Better synchronization % 548
6 Better projects sequencing 349
7 Give room for more off-site mate %leonents 330
prefabrication fb
8 Enable visualization of the built env1ron b 331
9 improves health and safety \ 332
10  Facilitate equipment and asset-nﬁ{’ ance and management 351
11 Provides a digital model tlﬁ(‘)an be utilized throughout the 4
building life cycle o A
12 More accurate an estimation of project cost and time a4
13 Improveme energy efficiency 346
14  Improve(res \& planning and sequencing e
15 Effec@ management of project resources procurement and 248
(e
16 \lsgprove efficiency and productivity 49
17  Improves decision-making in the operation and maintenance of 3%
a facility.
18  Access to information is fast and reliable 45
19  Provision of accurate and updated information 246
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20  Improve multi-party communication and collaboration 347

21 Monitor and track progress during construction 542

22 Improve services delivery 44

23 Project cost reduction e

24 Reduced construction time 42

25  Improve quality 539 \
26 549 Q

Improve project documentation

27  Minimizes disputes and conflicts 5§ 0
28  Minimize errors and mistakes Q‘
29 O 552

Improving team building skills
Source: Source: Researcher’s Summary from Literature Revi %
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2.4 Conceptual Framework

The theories and models reviewed helped in describing the processes involved in the
adoption of BIM by individuals and organizations. They also provide a comprehensive
understanding of factors and drivers of BIM adoption. The conceptual framework of the
study is thereby hinged on Rogers Diffusion of Innovation Theory, Task Technqlogy Fit
Model and as well as Technology Acceptance Model. Figure 2:11 givesQquphical
representation of the conceptual framework for this study. 0

This study was based on the assumption that adoption of BIM as col ogﬂe tool can be
examined by assessing the knowledge of firms in the building i on various BIM

compliance software applications and their usage. It was also ass that the usage of these

software applications are driven by certain factors which co drivers or limiting factors.

Adoption

These factors form the basis for decision making for the a on of BIM.
OBJ 1 A&b
BIM BIM OBJ 5
. Benefits
Compliance N =
Software \ I
Applications
N Perceived |
usefulness
Awareness | o OBJ 4
/ r Tn ﬂ:enc_m I Intention/
Knowledge [ I Factors | Decision
ofBIM | o 5
N Perceived ease | |
of use
BIM Uses OBJ2& 3

Figure 2.11: The conceptual framework of the study

Author’s concept

121



2.5 Summary of Gaps Identified in Literature

Literature search has revealed a mass of research in the field of Building Information
Modelling across countries. Some studies have helped in the identification of BIM adoption
in the AEC industry towards the elimination of construction challenges, BIM software-
compliant applications, factors that influence its adoption, as well as barrier@ng its
adoption. Some works have also identified benefits that can be derived froc/ doption of

BIM. This section highlights gaps that were identified through 6 view of existing

literature on BIM adoption. %

Firstly, it was observed that a comprehensive assessm QIM adoption in Nigeria is
growing over time, and the same applies to its im: lw@tion 333,334,355 Several findings in
prior research, and just before this stu@menced, none has carried out a broad
evaluation of the industry nor does tl,l\'o\mbination of earlier findings do concerning its
current status of adoption % 37 @H the previous research concentrated on trying to
assess BIM within a limited'®g§ion or location 3% 3%0: 51 There was no meeting point in
identifying the current\@ f the key BIM components in terms of Technology, Process,
and Policy - > ‘3)\‘%,\' herefore, these limitations that were identified in various pieces of
research fac@te this study. Additional research is needed to update and enable the majority
to u%@ and adopt the new methods of working, especially in developing countries %>
565'

Secondly, the existing studies have identified the benefits associated with the adoption of
BIM in the AEC industry. However, the benefits of BIM are discussed with limited reference

to their relationship to the project stages and level of adoption among the AEC professionals
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367568 In addition, there is a lack of understanding as to where, during the project lifecycle,
BIM can provide benefits to the AEC, what some of the challenges are, and what the
expected value is to the stakeholders °*°. Hence, there are no clear guidelines for the AEC
team to follow to achieve the desired benefits of BIM. Moreover, this highlights the need for
a clearer explanation of BIM benefits for AEC professionals to identify what @\geed to
develop to achieve BIM benefits by optimizing their current efforts. (/0

Thirdly, it has been observed that there is dispersion in investigatingn\the BIM adoption
drivers and factors — across several studies as a result of th%l ic theoretical lenses
embraced by researchers. For instance, a study invesp @the influence of only the
isomorphic pressures (Coercive, mimetic, and norma pressures) in isolation from other
factors (i.e., innovation characteristics and in@characteristics) due to employing the
Institutional Theory (INT) °”° . Another st@cused on exploring the impact of only two
factors, namely, ‘Perceived ease of é&;&x‘- Perceived usefulness” on BIM adoption as the
researchers implemented the, tl@of Technology Acceptance Model as a theoretical lens to
guide the investigation %Q\

Finally, there are g&ritical shortcomings in existing BIM adoption studies which include
the use of § s and concepts like implementation, readiness, adoption, diffusion

1ntercha@

interch geably used by some studies

For example, the terms ‘Adoption’ and ‘Implementation’ were
572,373, 374 “This blurs the distinction between
interrelated concepts such as adoption, implementation, and diffusion *7°.

These identified gaps from the literature necessitated the need to conduct an assessment of

BIM adoption among the building industry firms in Nigeria. This study, therefore, was
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designed to fill the aforementioned gaps by investigating the level of BIM awareness and its
adoption across the building stages, investigating BIM-compliant software applications as
communication tools among building industry firms in Nigeria. In addition, the study
assessed the knowledge of BIM benefits on adoption and optimization of its usage by

building industry firms in Nigeria. Furthermore, the study evaluates the factors t@ﬂuence

BIM adoption. (
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Chapter @t
\\leogy
3.1 Research Design: Cross- Sectw@u

The research design adopted @ thesis was a cross-sectional survey as it enabled the
production of reliable @ﬁerahzable conclusions through quantitative analysis. A cross-
sectional survey_%&d the study to gather data at a single point in time, providing a
snapshot of: hgr.\hent state of BIM adoption and implementation in the industry. This
design ‘Q%es the study to survey a broad range of participants, including architectural,
engi@tfng, quantity surveying, and building contracting firms, across various regions in
Southwest Nigeria which provided a comprehensive overview of BIM usage. Also, it is well-

suited for quantitative analysis as it allowed the study to quantify levels of BIM adoption, the
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frequency of use, and correlations between different variables . Some similar studies on BIM

adoption also adopted a cross-sectional research design 2 3% ¢,

3.1.1 Research Philosophy: Positivism
This study adopted the positivist research philosophical paradigm. The philosophy was best
suited and helped in answering the research questions set in Chapter One of this\thesis. The

positivist approach was useful in assessing knowledge of BIM benqunJadoption and

optimization of its usage by building industry firms in Nigeria. I 1 o used because it
§

supported the investigation of different BIM software-compl@ lications and the level of
usage among building industry firms in Nigeria as it rela@) collaboration among the ding
professionals. be

This is justifiable because positivism sup ’@ use of quantitative methods, which are
well-suited for measuring variables .r@ BIM adoption, such as levels of awareness,
frequency of use, and impacts on p@ outcomes.

3.1.2 Research Approach: D@c ive Approach

This study adopted a @%e approach. This is because the approach is often associated
with quantitati 'r%ga h methods. Since the study involved collecting measurable data on

BIM practic@his approach aligns well with statistical analysis, enhancing the robustness of
the f%/%;b
3.1.3 Research Strategy: Quantitative

This study adopted a Quantitative research strategy. This was because it involved the

utilization and analysis of numerical data using specific statistical. Also, this strategy enabled

174



the collection of data from a larger number of respondents, including architectural,
engineering, quantity surveying, and building contracting firms which enhanced the

representativeness of the study’s findings. This is important for drawing generalizable

Q\

This study's population comprised the registered firms in the building 1& South West

conclusions about BIM adoption in the region.

3.2 Study Population

Nigeria which is 892 (See Table 3.1). The sample frame cons1s§ itectural, building
consulting and contracting, quantity surveying, and stru gineering films in the
building industry in South-West Nigeria. South-West 1 erla consists of the following

states; Ekiti, Lagos, Ogun, Ondo, Osun, and Oyo. &(&hzatlons from the study were made

based on the study population.

3.3 Sample and Sampling Techniqu 3&

3.3.1 Sampling Technlques

This aspect explained §@0 and process used in selecting the analysis unit used in the

study. In the study,

includes; b(/\

First st@urposive Sampling
\

a

ge sampling approach were considered the most appropriate. This

In the first stage, purposive sampling was employed by selecting the state capitals in the
southwestern states as they were adjudged to be the most urban with the highest number of
built environment professionals and films, and also because of their relevance to the

investigation under consideration. Therefore, a total of six (6) cities across six states in the
175



geo-political zone (south-west) were considered for survey; Ado-Ekiti (Ekiti), Ikeja (Lagos),

Abeokuta (Ogun), Akure (Ondo), Osogbo (Osun) and Ibadan (Oyo).

The study purposively chose architectural, building consulting and contracting, quantity

surveying, and structural engineering films as they were firms with high use of BIM tools

Second Stage: Cluster Sampling \

The second stage of the sampling involved sampling of the firms withiq% cted six cities
for the study. A cluster sampling approach was adopted wher @ers of films in the
building industry were searched within each city. The clu @ were based on the natural

clusters identified within the six cities selected for this %@

Third Stage: Random Sampling ’bb’b

The third stage of the sampling involve }\\&dom selection of firms within each cluster
identified. Firms within the clusteré:;xgve randomly selected and principal partners were
randomly selected to reprege&%& film for questionnaire administration. One principal

partner was selected in@he randomly selected firms to represent their film.

3.3.2 Sample S'(’e/\,\%

The sample@ is the portion of a population chosen to represent the population in research
beca%%qe and expense may be constraints on the research, prohibiting it from examining
the full population. As the sample is a subset of the population chosen to administer the

research instruments, it is critical that it adequately represents the study population ’.
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The sample size for this study was calculated to be 740 firms (Table 3.1). This value was
derived by using Yamane’s formula for each category of firms in each city; this was done to
have an evenly distributed sample and a sample that properly represents the study population.

Yamane's formula is represented as:

=12 > Where” n” is the sample size, “N” is the population, an@\s the
level of confidence (i.e. 95%). (/

The sample size was calculated from the sample frame drawn from @a provided by the
Architects Registration Council of Nigeria (ARCON), the C$1 of Registered Builders of

Nigeria (CORBON), the Nigerian Institute of Quantity S (NIQS), and the Council of

(i.e Ikeja =493; Ibadan = 202; Abeokuta = 108

Registered Engineers of Nigeria (COREN). The t ta@le frame for the study is 892 firms
&)-Ekiti = 30; Akure = 20; and Osogbo =

39) (Table 3.1) \

Table 3.1: Sample Frame and Samplé\Size Distribution per City

IkeJQ)’Sagos State) Sample Size

157

Architectural Firm, — = =
%7 therefore, T+ 2 12157005)7 113
Structural Engineering =118 therefore, = =8 _g

1+ 2 1+118(0.05)2

Quantity Survey: %’ N=92 therefore, =——=— 125(20 =
Bulldlng/ C N=126 therefore, = v 7 1i1 222(2 B 96
375 firms
\‘(I Ibadan (Oyo State)

Archlte?:';ural Firm - — ST A

) N=57 therefore, = T 2 TrermR 50
Structural Engineering  N=65 therefore, = ——= 1+656(3 557 =36
Quantity Surveying N=35 therefore, =_——5=1; 35323 057 = 32
Building/Contracting N=45 therefore, = = 4 =40

1+ 2 1+45(0.05)2
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178 firms

Abeokuta(Ogun State)
Architectural Firm, N=14 therefore, =——= 1+141(g‘05)2 ~13
Structural Engineering  N=15 therefore, = —= 1+151(305)2 ~ 14
Quantity Surveying N=32 therefore, =——=— 32323 oo = 30
Building/Contracting N=47 therefore, =——= 1+47‘Z).05)2 =4 Q‘Qns
Vs
Ado-Ekiti (Ekiti State) ,\J
Architectural Firm, N=7 therefore, =_—= 1+7(0 S Q
Structural Engineering N=5 therefore, = = 1+5(0 :
Quantity Surveying N=8 therefore, = —= =8
Building/Contracting N=10 therefore, ° __i0

T+ %Q+10(o.05)2

’b 30 firms
Akure (On te)
Architectural Firm, N=4 therefore, \Qlﬁ 1+4(0 0057 "
Structural Engineering N=7 theré@ = 1+7(0 B =7
Quantity Surveying N=3 CR == 1+3(§ S 3
Building/Contractin = - 6 =
g g @herefore o 7 16005 6
\\ 20 firms
N A - Osogbo (Osun State)
Architectural Fj {\' ) = — —_ 13
, N=14 therefore, = T 2 1A 13
Structural E@eering N=8 therefore, = —= 1+7(§ S
Quantit eying N=12 therefore, =_——==17 3(102 57 12
Building/Contracting N=5 therefore, =——= 1+6(§ 5=
38 firms
N = 892 firms :Sample Size = 740 firms

Sources: ARCON; CORBON; NIQS; COREN,(2020)
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3.4 Description of the Research Instrument
3.4.1 Questionnaire Design
A closed-ended questionnaire was used as the research instrument for collecting primary data
in this study. This questionnaire was divided into three (3) sections. Section A was designed
to extract information about the demographic characteristics of the Niger'QAuilding
industry firms. Section B consists of questions on the level of awareness a@/@e of BIM-
compliant software applications. Section C focused on the level of mée%@s and adoption of
BIM uses across the building stages. Section D included quest%n BIM benefits; while
section E was designed to extract information on the barr*QQId critical success factors of
BIM adoption in the study area. Q
3.4.2 Identification, Specification and Oper%@lizaﬁon of Variables
The variables in this study were the el&% of interest to the researcher. They were
quantifiable, and their values varied é_é;&%a g on the unit of analysis. Based on the research
objectives, the questionnaire &Q} study was designed to include all of the factors of
interest in the study (s@ndix I). Table 3.2 illustrates the identification, specification,
and operationalizati f variables for the study, which was utilized as a validity test for the
study. The (ggﬁ,p}alization of the variables also allowed for the design of the questionnaire,
1

which

A

Table 3.2: Identification, Specification, and Operationalization of Variables of the
Study Objective

S/N Concepts And Variables and Data Type
Questions Measurements

zed as the sole data collection method for the study (see Appendix I).

Section A: Demographic Characteristics
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N
¢

\,‘2*%b

Are%
Q@ 1zation

Types of Firm

Firms Location

Firm Size (by Staff)

Years 1n

&

Firms’
Turnover

Work

Architectural (1),
Structural Engineering
(2), Building
Consulting and
Contracting (3),
Quantity Surveying (4)
Ikeja  (Lagos) (1),
Ibadan  (Oyo) (2),

Abeokuta (Ogun) (3

Osogbo (Osun) 4)

Akure (Ondo) (

Ekiti (Ekiti @

<10 staf%; firm)

(1), — staff
) (2), 51 -

%‘%
0'staff (medium size

) (3), > 250 staff

&Zharge firm) (4)

i n
(Age of the f&mgg

Project

Annual

Experience(Principal

partner)

< 5 years (1), 6 - 10
years (2), 11 - 20 years
(3), 21 - 30 years (4), >
30 years (5)

Mostly ~ Commercial
(1), Mostly Residential
(2), Mostly
Institutional (3),
Mostly Industrial (4),
All building types (5)
<IM (1),1 - 10M
(2), 11 - 50M (3),
51 — 100M (4), 101 —

250M (5), >250M
(6)

Years: <5 years (1), 6-
10 ),

11 - 20 years (3), >

20 years (4)

Nominal
N%dnal
Ordinal

Ordinal

Nominal

Ordinal

Ordinal
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Objective 1: identify common BIM software applications used in the Nigerian building
industry.

Heard of BIM Yes (1), No (2), Not Nominal
sure
Software Applications = Multi-choice: Tekla Nominal
(Awareness) Structures ()
PowerCivil ()

Archicad () Digital QQ

Project () ArchiF

() Navisworks
Manage () ’\
Green B\@mdio
() Autede uantity

Ta ) Masterbill
( VICO Software
Revit Architecture

&b ) Bentley BIM Suite
( ) Skecthup ( )

\Q’b QSCAD( )

Software A ktions Multi-choice: Tekla Nominal
(Usage).’\& Structures ()
&C) PowerCivil ( )
. AQ/ Archicad () Digital
QQ\ Project () ArchiFM

() Navisworks

Manage ()
: @ Green Building Studio
() () Autodesk Quantity
6 Takeoff ( ) Masterbill
’b () VICO Software

\/Q/ () Revit Architecture
() Bentley BIM Suite

() Skecthup ()
QSCAD( )

Objective 2: examine the awareness level of BIM uses across building stages in the
Nigerian building industry
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Design stage

Construction stage

1.

Cost Estimation

Construction
Planning

3D Coordination

Prefabrication

°
g

\Co

Constructability
Analysis

Sequencing

Construction
Monitoring

182

1-5(Likert-scale): Not
aware (1), Less aware
(2), Not sure (3),
Aware (4), Very aware
)

1-5(Likert-scale): Not
aware (1), Less aware
(2), Not sure (3),
Aware (4), Very awar
6))

aware ( 1 )
(2),
Awar ry aware

—5 ert- scale) Not
re (1), Less aware
Not sure (3),
Aware (4), Very aware
6))
1-5(Likert-scale): Not
aware (1), Less aware
(2), Not sure (3),
Aware (4), Very aware
6))
1-5(Likert-scale): Not
aware (1), Less aware
(2), Not sure (3),
Aware (4), Very aware
&)
1-5(Likert-scale): Not
aware (1), Less aware
(2), Not sure (3),
Aware (4), Very aware
&)
1-5(Likert-scale): Not
aware (1), Less aware
(2), Not sure (3),

Ordinal

Ordinal

3

1-5(Likert- scala& Not Ordinal
(3)

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal



Aware (4), Very aware
&)
2. Clash Detection  1-5(Likert-scale): Not Ordinal
aware (1), Less aware
(2), Not sure (3),
Aware (4), Very aware

&)
3. Maintenance 1-5(Likert-scale): Not @wl
Scheduling aware (1), Less awarQ
(2), Not sure ),
Aware (4), Very*awar

&)

4 Fabrication 1-5(Like - Not Ordinal
awar ss aware
(2 sure  (3),

Awaxg' (4), Very aware

Maintenance/Operation 1. Asset &G-S(Likert-scale): Not Ordinal

Stage Manage@ aware (1), Less aware

(2), Not sure (3),

. Aware (4), Very aware
DG

2. &flading System  1-5(Likert-scale): Not Ordinal
. &nalysis aware (1), Less aware

QQ\ (2), Not sure (3),

Aware (4), Very aware

. 5)
()\5& 3. Record 1-5(Likert-scale): Not Ordinal
Modelling aware (1), Less aware
’66 (2), Not sure (3),
Aware (4), Very aware

\/Q’ )

Objective 3: evaluate the level of usage of BIM across the building stages in the
Nigerian building industry

1 Building stages Multi-choice: Design Nominal
( ), Construction (),
Maintenance ()
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2 Frequency of BIM 1-5(Likert-scale): Ordinal

Usage Never (1), Rare (2),
Sometimes (3), Often
(4) Always (5)
3 BIM Engagement for:
Construction Planning () \
Visualization () Q
3D Coordination () (/0
Cost Estimation () ’\
Prefabrication () O
Constructability Analysis () % Nominal
Sequencing ( 0

QO

Construction Monitoring Q)
Clash Detection fb )
Maintenance Sc@ ()
Fabrication \ ()
Asset M&Aﬂ‘[ ()
Buil%~ stem Analysis ()
\1@ Modelling ()
Objective 4: the significant BIM benefits in the Nigerian building

industry

10\' ¥ Improve project design  1-5(Likert-scale): Not Ordinal
6 important (1),
fb Somewhat  important
\/Q, (2), Neutral (3),

Important (4) Very

important(5)
2. better clash detection 1-5(Likert-scale): Not Ordinal
important (1),

Somewhat  important

(2), Neutral (3),

Important (4) Very
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better coordination

Reduce Rework in
Construction

better synchronization

better proj ects®%

S
S

QQgive room for more off-

site
materials/components
prefabrication

enable visualization of

the built environment

improves health and

185

important(5)
1-5(Likert-scale): Not Ordinal

important (1),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)

1-5(Likert-scale): Not @@1
important

(1
Somewhat  important
(2), Neutral 3);
ery

Important (@
importank%

1-5(Likest-séale): Not Ordinal
i (1),

So hat  important
‘@} Neutral  (3),

fémportant (4) Very

important(5)

1-5(Likert-scale): Not Ordinal
important (1),
Somewhat  important

(2), Neutral (3),
Important (4) Very
important(5)

1-5(Likert-scale): Not Ordinal
important (1),
Somewhat  important

(2), Neutral (3),
Important (4) Very
important(5)

1-5(Likert-scale): Not Ordinal
important (D),
Somewhat  important

(2), Neutral (3),
Important (4) Very
important(5)

1-5(Likert-scale): Not Ordinal



\/Q/

10.

11.

12.

13.

N

R
>

15.

safety

Allow for flexibility
and sustainable design

facilitate equipment and
asset maintenance and
management

Provides a digital &Q’ 5(Likert-scale): Not

model that can %
utilized throug\ he
building,

life cycle_;\\'

curate and

:\tdy estimation of

roject cost and time

improvement in energy
efficiency

improve resources
planning and
sequencing

186

important (1),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
1-5(Likert-scale): Not
important (D),
Somewhat 1mp0rtant
(2),  Neutral
Important  (4) ry
important(5) /\\I
1-5(Likert-sc
importan (1),
Some@ important
(2 utral  (3),
Impgant (4) Very
ortant(5)
important (1),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
1-5(Likert-scale): Not
important (D),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
1-5(Likert-scale): Not
important (D),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
1-5(Likert-scale): Not
important (1),
Somewhat  important

Ordinal

R

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal



O

&

16.

17.

18.

19.

QQ; lity.

21.

(2), Neutral (3),
Important (4) Very
important(5)
effective management 1-5(Likert-scale): Not Ordinal
of project resources important (1),
procurement and Somewhat  important
storage (2), Neutral (3),
Important (4) Very \
important(5) Q
allows for effective and  1-5(Likert-scale): Not “=@rdinal
efficient utilization of ~ important (
site Somewhat ant
@), 3),
Impo 4) Very
e
Improves efficiency 1-5(hikert-scale): Not Ordinal
and productivity %ortant (D),
b‘%omewhat important
D7 @, Newral (3),
® Important (4) Very
. % important(5)
Improv ,X‘ls on 1-5(Likert-scale): Not Ordinal
makj he operation important (1),
intenance of a Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
Access to information 1-5(Likert-scale): Not Ordinal
is fast and reliable important (1),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
Provision of accurate 1-5(Likert-scale): Not Ordinal
and updated important (1),
information Somewhat  important
(2), Neutral (3),
Important (4) Very
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important(5)

22. Improving team 1-5(Likert-scale): Not Ordinal

building skills important (1),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)

23. monitor and track 1-5(Likert-scale): Not @@1
progress during important (1
construction Somewhat imporgr;t/

(2), Neutral 3);
Important (@ ery
importank%

24, Improve services 1-5(Likest-séale): Not Ordinal
delivery i (1),

So hat  important
‘@} Neutral  (3),
§fémportant (4) Very
’b important(5)
25. Project cost reﬁ\\@n 1-5(Likert-scale): Not Ordinal
. ,\' important (1),
c_)\ Somewhat  important
Q’/& ), Neutral (3),
. A Important (4) Very
?\ important(5)
26. Q educed Construction 1-5(Likert-scale): Not Ordinal
. & Time important (1),
Q:\\' Somewhat  important
(2), Neutral (3),
’66 Important (4) Very
important(5)
\/ 217. Improve project Quality 1-5(Likert-scale): Not Ordinal
important (D),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)
28. Improve project 1-5(Likert-scale): Not Ordinal
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documentation important (1),
Somewhat  important
(2), Neutral (3),
Important (4) Very
important(5)

29. improve multi-party 1-5(Likert-scale): Not
communication and important (D),
collaboration Somewhat  important

(2), Neutral (3
Important  (4) ry
important(5) /\\I

30. Minimize Errors and 1-5 (Likert—sc ot
mistakes importan (1),

Some@ important

(2 utral  (3),

Impgant (4) Very
ortant(5)

31. Constructability 6%—5 (Likert-scale): Not
improvement ’b important (1),

® Somewhat  important

. ,& (2), Neutral (3),

C)\ Important (4) Very
important(5)

32. d\%%fzes disputes and  1-5(Likert-scale): Not

@ﬂicts important (D),

Q Somewhat important

. & (2), Neutral (3),

(j\\' Important (4) Very
\ important(5)

Ordinal

3

Objectivpg.bentify factors that influence the adoption of BIM in the Nigerian building

&

industry

Limiling factors/barriers

1

Unwillingness to use
BIM

Lack of Experience and
189

1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):

Ordinal

Ordinal



Q uE sefulness

skills

Negative Perception of
Ease of Use

Personal Incompetency

Abasenceork
motivation

O
Lack Interest @
D

N\
&

rant of BIM

Availability of
technical infrastructure

Financial resources

190

Strongly Disagree(1),
Disagree (2), Not Sure
(3),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):

Strongly Disag%(ug,/
Disagre re

(€ .

e (25,@
Stron gree (5)
1- -scale):
Strongly Disagree(1),
ﬁ%ﬁgree (2), Not Sure
%), Agree  (4),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3),  Agree (4,

Ordinal

R

rdinal

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal



10

11

12

Unvailability of BIM
users

Perceived risks

Organizational
readiness

Organization’s cultur

N
Organi 'tﬁfs apacity
é‘o

N
N

14 . ,& Organization’s policies

x&@

Lack
support

of  Manager’s

191

Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale): Ordinal
Strongly Disagree(1), &
Disagree (2), Not Sur Q
(3), Agree 4),

Strongly Agree (&
1—5(Likert—sc

Strongly stee(1),
Disa (2)y Not Sure

€ gree (4,
St@y Agree (5)
Likert-scale):
trongly Disagree(1),
Disagree (2), Not Sure
3),  Agee (@),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
3),  Agee (@),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3),  Agee (@),
Strongly Agree (5)

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal



16

17

18

19

20

21

22

N

23

Lack of Capacity to
use information
technology

Ignorance of benefits

of BIM for organization

Technology Quality

Speed of BIM tools

1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
3), Agree
Strongly Agree (5)
1-5(Likert-scal
Strongly De 1),
Disagree €29,2NGt Sure
(€ gree (4,
S gree (5)
1- 5 ert-scale):
ngly Disagree(1),

&leagree (2), Not Sure

&mlablhty

Speed of BIM tools

IT support

192

(3),  Agee (@),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agee (@),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3),  Agee (@),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure

Ordinal

Ordinal

R

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal



24

25

26

27

28

29

30

Q,'Z’b

Result demonstrability

Accessibility

Functionality

Feasibility using BI

N
N

Pro:%&nt methods

N
N

Project scale

< @ Stakeholders interaction

193

Stron isagree(1),
Di 2), Not Sure
& Agree 4),

3),  Agee (4,
Strongly Agree (5)
1-5(Likert-scale): Ordinal
Strongly Disagree(1),

Disagree (2), Not Sure

(),  Agree (4,

Strongly Agree (5)
1-5(Likert-scale): @@1
Strongly Disagree(1

Disagree (2), Not Sure
3), Agree /\( ;

Ordinal

ngly Agree (5)
-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure
3),  Agee (@),
Strongly Agree (5)
1-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure
(3),  Agee (@),
Strongly Agree (5)
1-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
1-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure
3),  Agee (@),
Strongly Agree (5)



31

32

33

34

35

Stakeholders’ 1-5(Likert-scale): Ordinal
awareness Strongly Disagree(1),
Disagree (2), Not Sure
(),  Agree (4,
Strongly Agree (5)
Project requirements 1-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure \
3), Agree Q
Strongly Agree (5)
Project complexity 1—5(Likert—scala& Ordinal
Strongly Dis (D),
Disagree Sure
(€ 3,
S gree (5)
BIM standards 1- 5 ert-scale): Ordinal
ngly Disagree(1),
b‘%lsagree (2), Not Sure
(3), Agree (4),
® Strongly Agree (5)
BIM ins;[(@s 1-5(Likert-scale): Ordinal
&c_)\ Strongly Disagree(1),

Disagree (2), Not Sure
(3), Agree (4),

% Strongly Agree (5)
36 0 IM providers 1-5(Likert-scale): Ordinal

i
@b

38

Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)
Competition levels 1-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)
Laws and policies 1-5(Likert-scale): Ordinal
Strongly Disagree(1),
Disagree (2), Not Sure
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39

Lack of Government
support

(3), Agree (4),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)

Ordinal

A

Critical Success Factors (CSFs) for BIM Adoption

40

41

42

43

Incorporation of BIM
into academic
curriculum

Improve BIM
awareness and
understanding

\Q’Z}
ou%@;\s\w

\\)Q

¢
\,‘2?’b

45

Provision of training by
employers

Government
Legislation supporting
the use of BIM

Developing BIM
guidelines
195

1-5(Likert-scale):
Strongly Disagree(1
Disagree (2), N

(3), Agree (4

Strongly %Q)
1-5(Li scale):

isagree(1),

isagfee (2), Not Sure
), Agree (4),
b, trongly Agree (5)

1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)
1-5(Likert-scale):
Strongly Disagree(1),
Disagree (2), Not Sure
(3), Agree (4),
Strongly Agree (5)

S
inal

Ordinal

Ordinal

Ordinal

Ordinal

Ordinal



46 1-5(Likert-scale): Ordinal

Strongly Disagree(1),
Disagree (2), Not Sure
Reduction in cost of (3), Agree (4),
implementing BIM Strongly Agree (5)
47 1-5(Likert-scale): Ordinal

Strongly Disagree(1),
Disagree (2), Not Sure Q\

(3), Agree (4), 0
Setting up BIM council  Strongly Agree (5)

48 Compulsory use of 1-5 (Likert—scala& Ordinal
BIM for all Strongly Dis (D),
procurement and Disagree Sure
contract 3), »,

S gree (5)
49 1-5(hikert-scale): Ordinal

ngly Disagree(1),
Provision of %isagree (2), Not Sure
appropriate tec (3), Agree (4),
and infrastruct Strongly Agree (5)
Source: Author’s Field Survey, 2024, 5\%

S

Validity deals with how @gfal the components of the research are. This implies it

3.5 Validity Tests

shows how well the rese instrument measures the right thing it was designed to measure
8, Therefore, th@%y opted the construct validity approach using the content test method.
This was %@cted by operationalising the variables for the studies. Several questions were
aske&\a/%' they were subjected to the research supervisor’s and expert review. The
operationalization of variables is presented in Table 3.2. This validity ensured that questions
in each construct successfully described and measured the construct in the questionnaire and

thus, ensured that the questions asked covered the objectives of the study.
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This is justifiable as indicated that social science researchers should consider these four

important validity tests in their research °. These are:

1) Statistical conclusion validity:

This tends to look at if a relationship exists between two variables. It involves i{ferences

made if it is rational to presume a co-variation between the two variables i@pha level

and variances obtained are given. This method can be disadvantag m@t e statistical

power of the researcher is weak, assumptions are debased, @es and treatment of
%r in test administration

measures reliability are low, and there is a presence of ra@m

and random heterogeneity in the respondents '°. Q

\

2) Internal validity: This deals with the validi ’Q'le research. Internal validity looks at

the relationships that exist between ﬂ@ les. If they are causal or there are other

factors responsible for the relatim@)in that study. It looks at, if the instrument truly

tests the situation being tes@oc?the result gotten from the test is because of some

internal influencing %@ is validity is limited by threats such as maturation, history,
1

understanding o trument, respondent’s selection, diffusion of treatments,

compensati@’many internal influences ''.

3) (@uct validity: Looks at how well the concept to be tested is transferred into a
vbﬁng reality in the data collection instrument. This implies how well the variables in
the research are operationalised. Construct validity is carried out using face, content,

concurrent and predictive, and, convergent and discriminative validity methods ?'.

3.6 Reliability Test- Pilot Study
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The reliability of a study is concerned with how the measurement produced from a study is
consistently repeated by someone else measuring the same object at different times and under
different conditions. As a result, the reliability test demonstrates how consistent or stable a
measure is under a variety of conditions and circumstances where the same or comparable
results are expected. Random mistakes are the main focus of reliability. It iqﬂynonly
calculated using association measures known as correlation coefficients 6r ficients of
reliability; this is the correlation between two or more measureme@l\@t are supposed to
measure the same concept. A measure's reliability is conceme@ equivalence, stability

across time, and internal consistency '> 1% 14, 0

However, for this study, the internal consiste @oach was used to establish the
reliability of the study instrument. This w%@ o ensure adequate questionnaire design
and pre-testing via a pilot survey confhéc\e'> a sample of the same type. For the pilot study,
a questionnaire administration straé‘g\)vas used. 100 stakeholders in the building industry
were given the study's quesfi&lre, and they were asked to complete it on behalf of their
companies. The major@ he questionnaire's constructs were scored on a 5-point Likert
scale (see Ap flﬂ’é\, The study was completed in four weeks, and the replies were
gathered thrgtigh mail. The purpose of the pilot test was to enable the researcher to determine
whe%@ instrument had any unclear or confusing questions and whether the questions
measured the variables the researcher wished to study. The researcher was able to modify
certain items in the questionnaire, particularly those about the knowledge and adoption of

BIM, with the assistance of the respondents' responses.

198



The Cronbach alpha reliability test was performed on the variables of each research
objective. The results, as shown in Table 3.3, reveal that all constructs have values more than

the recommended minimum of 0.7 alpha, implying that the instrument was reliable because

R

all scales of measurement consistently measured the constructs as intended.

Table 3.3: Reliability by Objectives (Ordinal Variables)

Objectives Cronbach’s Alpha No of reh\sl) N
Objective 1 0.920 1

Objective 2 0.862 @

Objective 3 0.804 $

Objective 4 0.815 32

Objective 5 0.864 (\Q 49

Source: Source: Author’s Field Survez,'Z‘ZO24)

3.7 Method of Data Collection
Due to the nature of the research strat% uantltatlve) of the study, primary data were

collected through a well-structured (ﬁ;?ﬂo naire, which was administered by the researcher
and trained field assistantSOt& sampled Architectural, structural engineering, quantity
surveying, and buildin%%wting firms in the study area. The research was carried out
simultaneously Q!@? Ibadan, Abeokuta, Akure, Ado-Ekiti, and Osogbo with the help of

trained rese%

took pl% tween June 2023 And November 2023. In each of the selected firms, a principal

sistants. The administration and retrieval of copies of the questionnaire

partner was selected to represent the firms in questionnaire filling. A total of 740 copies of
the questionnaire were administered however, 656 copies representing 88.6% of the

distributed questionnaires were retrieved and considered for analysis (see Table 3.4).

199



Table 3.4 Data Collection-Questionnaire Administration

S/N  Questionnaire Number Percentage

1 Distributed 740 100

2 Retrieved 656 88.6

3 Not Returned 78 10.6 \
AN

Source: Author’s Field Survey, 2024 ( \)

&

3.8 Data Characteristics, Sources, and Analysis by Obj

Objective 1 Q
To examine common BIM software application@n the building industry in southwest

Nigeria @

Data Characteristics: The data f@ctive 1 are nominal and quantitative in nature. The

variables are as stated in Talﬂ&

Data Source: The d%tler this objective were directly sourced from building industry

stakeholders (p@a,ST

administrati ee Appendix 1).

artners) in the sampled firms. This was sourced from a questionnaire

DataXﬂalysis: The data for this objective were analyzed using descriptive statistics like
frequencies, means, percentages, cross-tabulation; and results were presented in tables and

charts.

Objective 2:
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To assess the awareness level of BIM use across building stages in the building industry in

southwest Nigeria.

Data Characteristics: The data for objective 2 are ordinal and quantitative in nature. The

variables are as stated in Table 3.2.

Data Source: The data for this objective were directly sourced from ;L.% industry

stakeholders (principal partners) in the sampled firms. This was source questionnaire

administration. (see Appendix 1) %Q

Data Analysis: The data for this objective were ana ing frequency distribution,

percentages, means, and standard deviation, and resu!t@ere presented in tables and charts.

Objective 3: \Q’b
To identify the level of usage of BIM q&s the building stages in the building industry in

o N\
southwest Nigeria. c’)
S

Data Characteristics: l@ta for objective 3 are nominal and ordinal, as well as

quantitative in naturgle variables are as stated in Table 3.2.

Data Sourct' data for this objective were directly sourced from building industry
stakeho@principal partners) in the sampled firms. This was sourced from a questionnaire

administration. (see Appendix 1)

201



Data Analysis: The data for this objective were analyzed using frequency distribution,
percentages, means, standard deviation, and Analysis of Variance (ANOVA); and results

were presented in tables and charts.

Objective 4: \
To evaluate the factors that influence the adoption of BIM in the buildi dustry in

C

southwest Nigeria ’\
Data Characteristics: the data for objective 5 are ordinal an tive in nature. The
variables are as stated in Table 3.2. 0

Q

Data Source: The data for this objective were d}',SQ?y sourced from building industry

stakeholders (principal partners) in the sampled . This was sourced from a questionnaire

administration. (see Appendix 1) \
Q :

Data Analysis: The data for thi\s‘ajective were analyzed using frequency distribution,
percentages, means, standar&@ation, factor analysis, and Kruskal-Wallis Test; and results

were presented in table% charts.

Objective S;: C/\,&

To analyz ignificant BIM benefits in the Nigerian building industry

Datkﬁaracteristics: The data for objective 4 are ordinal and quantitative in nature. The

variables are as stated in Table 3.2.
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Data Source: The data for this objective were directly sourced from building industry
stakeholders (principal partners) in the sampled firms. This was sourced from a questionnaire

administration. (see Appendix 1)

Data Analysis: The data for this objective were analyzed using frequency d&aution,

percentages, relative importance index (RII), and Kruskal-Wallis Test; a@dts were

C
&
QO
2

Table 3.5: Summary of Research Design \,\’b

presented in tables.

Objectives Types of \\’Nature of  Types of Analyses
Dat \\ Data
Objective 1 Quanti 3) Nominal Descriptive ~ statistics  like

means, and

. & frequencies
To examine the common @ q ’

percentages; and results were

BIM software app hca@ presented in tables and charts.

used in the 1'gxian
CF

building indust

Objecti@ Quantitative Ordinal Frequency distribution,
To b{vs the  awareness percentages, means, standard

deviation, and correlation
level of BIM uses across )
analysis; and results were

building stages in the presented in tables and charts.
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Nigerian building

Objective 3 Quantitative Nominal, Frequency distribution,

Ordinal ercentages, means, standard
To identify the level of p g8, >

deviation, and A sis of
usage of BIM across the

Variance ( QA); and
building stages in the results wete esented in

Nigerian building industry table@&gharts.

Objective 4 Quantitative Ordinal : E%ncy distribution,

. t lati
To analyze the significant Q reentages, felative

BIM  benefits in the

importance index (RII), and

g‘b Kruskal-Wallis  Test; and

Nigerian building industry results were presented in

tables.
Objective 5 Quanﬁ@ Ordinal Frequency distribution,

To identify factors that percentages, means, standard

deviation, factor analysis, and

influence the adoption OQ Kruskal-Wallis  Test; and
BIM  in & results were presented in
building in dustQ \ tables and charts

Source: Author s Field Survey, 2024
'
3.9 Ethical Approval
Ethical consideration is how to authenticate the collection of data to prevent falsification and

fabrication, minimize error, and promote knowledge and truth as well as to guard against the

infringement of human rights in the course of the research. As this research involved
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interaction with the human population both at home and workplace, it is important to
establish trust with participants, where rights were respected. Therefore, full consent was
obtained from participants of the research, using content forms, and the privacy of the
participants would not be violated in the administration of questionnaires. In reporting the
finding, the highest level of confidentiality and anonymity was maintained as nagt ation
provided by any participant would be linked to him/her. The research pr(/@/as clearly
stated to respondents, providing the aim and objectives, so that resp obtalned would be
as true as possible without external influences. The views of thﬁ% cipants were respected
and protected, and the data was carefully stored a cted to avoid access by

6’2}

unauthorized persons.

%
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R\
QQ\ Chapter Four

. ,& Results and Discussion of Findings

4.1 Demog icData Analysis

This c@ presents and discusses the analysis of the data gathered for the study.
Additionally, it demonstrates how the findings addressed the prior questions that framed the
research. The results obtained and their comparison with findings from the literature are
further discussed in the chapter. The results presented here cover respondents’ demographic
characteristics; different BIM software applications and their relative usage in the building

207



industry; awareness level of BIM uses across building stages; level of usage of BIM across
the building stages; factors that influence the adoption of BIM in the Nigerian building

industry; and significant BIM benefits in the Nigerian building industry.

4.1.1 Demographic Characteristics of the Firms

The respondents' firms' characteristics were grouped based on their types, locations, years in
operation (age of the firm), area of specialization, annual turnover, and w@xperience, as
shown in Table 4.1. The results in Table 4.1 indicated that 26.4% o %mpled firms were
Architectural, 24.7% were structural engineering, 27.1% ﬁlding contracting and
21.8% were quantity surveying firms. It was revealed th .1% of the sample firms were
located in Ikeja (Lagos state), 24.2% were locate 'nf@m (Oyo state), 13.6% were located
in Abeokuta (Ogun state), 5.2% were located i ogbo (Osun state), 4.0% were located in
Akure (Ondo state), and 2.0 % were lo }n Ado-Ekiti(Ekiti state) as displayed in Table
4.1. It was also discovered that 47@f the sampled firms were micro (< 10 staff ), 25.0%

were small-size firms (11 —3@%{, 18.8% were medium-size (51 — 250 staff), and 18.8% were

large-size (firm > 250 s‘[a\\ﬁbQ

The responden{%p%’ﬁnce was impressive: 43.8% had worked in the building industry for

more tha@years, 18.8% had experience between 11 and 20 years, and 37.5% had

expe\fq&of at least 10 years or less. Moreover,

most respondents’ project specializations are residential and all building types, accounting
for 21.7 and 67.5% of responses, respectively. The information above inferred that the
respondents are highly experienced and have played significant roles in their firms. Their
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opinion on the survey's relevance is significant because of these qualities, making it

confidently reliable.

Furthermore, Table 4.1 shows that 9.7% of the sampled firms had an income annual turnover
of less than 1M, 11.3% had an income annual turnover of 1-10M, 12.5% had an income
annual turnover of 11-50M, 14.3% had an income annual turnover of 51-10 %A) had
an income annual turnover of 101 — 250M, and 32.5% had an income ﬁ(@ljumover more

O

than 250M.

Table 4.1 Demographic Characteristics of the Firms

Variable Frequency  Percentage (%)
Types of Firm Architectural V173 26.4

Structural Engineering Q 162 24.7

Building Consulting and Co@’gng 178 27.1

Quantity Surveying ’A 143 21.8
Firms Location Ikeja (Lagos) {)- 335 51.1

Ibadan (Oyo) \ 159 24.2
Abeokuta (Ogu'mﬁ, 89 13.6

Osogbo (031‘9') 34 5.2

Akure (O % 26 4.0

Ado E}(P&E iti) 13 2.0
Firm Size (by Staff) < s@f(micro firm) 325 47.9
1 0 staff (small firm) 164 25.0
. %— 250 staff (medium size firm) 123 18.8

C {\> 50 staff (large firm) 54 8.3

Years in Operatione”? < 5 years 54 8.2
(Age of the fi 6 - 10 years 83 12.7
QJ% 11 - 20 years 218 33.2
21 - 30 years 178 27.1
> 30 years 123 18.8

Area of Project Mostly Commercial 30 4.6
Specialization Mostly Residential 142 21.7

Mostly Institutional 27 4.1

Mostly Industrial 14 2.1
All building types 442 67.5

Firms’ Annual <1M 64 9.7
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Turnover 1-10M 74 11.3

11-50M 82 12.5
51 -100M 94 14.3
101 —250M 129 19.7
>250M 213 32.5
Work Experience <5 years 54 8.2
6 - 10 years 192 293

11 - 20 years 123 18.8\
> 20 years 287 43Q
Source: Author;s Computation, (2024)

4.2 Presentation of Data /\(/

Objectivel: examine the common BIM software applications building firms in

southwest Nigeria. 0

4.2.1 Common BIM Software Applications and ftb Qelative Usage in the Nigeria
Building Industry 6

The use and awareness of BIM-complian ’eare in the Nigerian building industry is
depicted in Figure 1. The literature é};&&& d fourteen (14) software products that comply
with BIM. 42.1% of respongie@e aware of Tekla Structures while 17.1% used it; 86%
were aware of Archica@e\ 6% used it; 47.7% were aware of ArchiFM while 37.2% used
it; 8.2% were aw@“ Green Building Studio while 2% used it; 69.4% were aware of
Masterbill i&Z}o used it; 75% were aware of Revit Architecture while 64.8% used it;
85.1% \@ﬂware of Sketch-Up while 59% used it; 74.7 were aware of Power Civil while
19.4% “sed; 10.1% were aware of Digital Project while 1.1% used it; 92.1 were aware of
Navistwork Manager while 55.9% used; 99.7% were aware of AutoCAD while 95% used;
38% were aware of VICO Software while 9% used; 92.1% were aware of Bentley BIM
Suite and 89.9% were aware of QS CAD while 25% used it.
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Figure 4.1: BIM Compliant §ofA\@:\Awareness and Usage

Source: Author’s Cov@n, (2024)

Based on avert@n be inferred that most of the respondents' firms were aware of

software pa&g

the lev ’A)vareness. This could be a result of the barriers mitigating against BIM adoption

hat comply with BIM, but the level of usage was not commensurate with

as stated by . A study also asserted that the majority of experts in the Nigerian building
industry have also been unable to use BIM-compliant software packages due to technical
issues with the packages and insufficient training provided to staff members 2. The study

revealed that AutoCAD, Revit Architecture, and Sketch-Up were the most often utilized
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software products. According to earlier studies, these software programs are CAD tools that
enable architects to create architectural plans, arrange layouts, and create conceptual
elements * %, They also enable architects to present finished design drawings to clients

electronically °.

Furthermore, in order to know which BIM applications are peculiar to the bui industry
firm types, a Crross tab descriptive analysis was conducted and the &Lﬁy presented in
Table 4.2. The study revealed that Autocad, Archicad, Gree @dmg Studio, Revit
Architecture, Sketchup, and Digital Project are BIM apph % mostly used by the
architectural firms; Tekla Structures, Revit Architectquwer Civil, and Autocad are
mostly used by the structural firms; ArchiF fﬁQlt Architecture, and Autocad are
commonly found with building contracﬁ%’bims while ArchiFM, MasterBill, Revit
Architecture, Autocad, and QS CA]? @}l tools that are peculiar to quantity surveying
firms. These are the BIM tools w thagement by the building industry firms are above
50%. The study also found 6@%own in Table 4.2 that Revit architecture and Autocad are
the two BIM applicat@%t are widely used across the building industry firms. This
implies that th h’éd; industry firms used this two applications mostly and evenly for

collaboratiogand communication. They used them to share and exchange files.

O

Tabl . Crosstabulation of BIM Compliant Software with Firm Types
S/N  BIM Applications/Firm  Architectural Structural Building Quantity
F/% Engineering Contracting  Surveying
F/% F/% F/%
1. Tekla Structures 10/5.8 *158/97.5 4/2.2 0/0
1. Archicad *107/62.0 26/16.0 44/24.7 6/4.2
iii. ArchiFM 81/47.0 44/27.2 *117/65.7 *104/72.7
iv. Green Building Studio *90/52.0 14/8.90 19/10.7 22/15.4
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v. MasterBill 68/39.3 44/27.1 63/35.4 *141/98.6

vi. Revit Architecture *172/99.4 *83/51.2 *104/58.4 *75/52.4
vii. Sketchup *151/87.3 66/40.7 *110/61.8 21/14.7
viii. Power Civil 0/.00 *117/72.1 0/.00 36/25.2
ix. Digital Project *99/57.2 30/18.5 0/.00 0/.00
x. Navisworks Manager 55/31.8 25/15.4 0/.00 0/.00
xi. Autocad *171/98.8 *114/70.4 *122/68.5 *94/65.7
xii. VICO Software 26/15.0 22/13.6 0/.00 00
xiii. Bentley BIM Suite 6/3.5 20/12.3 3/1.7 00
xiv. QS CAD 4/2.3 0/.00 2/1.1 NNE2/99.3
Source: Author; Computation, (2024) 0)

Objective 2: Assess the awareness level of BIM use across t. e@l ing stages in the
building industry in southwest Nigeria. 0

4.2.2 Awareness Level of BIM Use across the Buildin ges in the Building Industry
in Southwest Nigeria be

This section presents result of the study on t%’@l of awareness and extent of knowledge of
respondents about building informati.o@ing BIM and its uses in the Nigerian Building
Industry. Respondents were initiall&@d of their awareness of BIM (see section D — No 10
of questionnaire in the Appe'n@%and the result is presented in Figure 4.1. In addition, this

section presents the res@ents’ level of awareness of BIM in each location of the study.

4.2.2.1. Aware@M among the Building Firms in the Southwest Nigeria

Figure 4. sely reveals that 21% of the respondents’ had not heard and were not aware
about\&, 7% of the sample were not sure if they have heard about BIM or not, while
72.0% of the respondents had heard and were aware of BIM. This result suggests that large
proportions of the firms from where the respondents were drawn has heard about or are

aware of the existence of building information modelling in the building industry. This
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implies that the level of awareness of BIM is high among firms in the building industry in

southwest Nigeria.

No, our firm have not
heard and is not aware
21%

Not sure ™%
7%

Yes, our firm have
heard and is aware
72%

Figure 4.2: BIM Awareness (9\" ’
Although findings from m{szfudy indicated that BIM awareness in the Nigerian

construction industry \n@ 6.7.8.9 This also aligns with a similar study in Croatia '°.

The specific ﬁ:d@{ the current study seems to be contrary to findings from these

literatures a&

Figure éaows that BIM awareness is high among stakeholders in the Nigerian building

tioned as presented in Figure 4.2. The result of this study as displayed in

industry. The difference in the years between these two studies and the geographic coverage

of the current study might be the reason for the variation in the results.
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In addition, the result from this study as shown in Figure 4.2 aligns with findings from a
study carried out in the northern part of Nigeria, where awareness of building information
modeling among architecture, engineering and construction (AEC) was observed to be good
!, Furthermore, results from this study as presented in Figure 4.2 supports the findings from
a study which was carried out in Port-Harcourt, Rivers State, Nigeria which i@ed that
there is an increasing level of awareness among building consulting ﬁm@e Nigerian
building industry. This shows that the level of awareness in the N@Q building industry

about building information has significantly increased after 10 the study conducted

by a researcher on BIM awareness >, QO

Certainly, this trend could imply that there is a ﬂ@l of BIM adoption in the Nigerian
building industry. Therefore, the observed awareness of BIM is expected to have a
positive impact on the adoption as posgu\'}By Rogers theory who stated that the process of

any innovation diffusion begins@ the knowledge stage which involves awareness

Q

knowledge, application knoﬁv@e, and principle knowledge. This suggests that around 72%

of the firms in the Ni@b@%uilding industry who indicated that they had heard and were

aware about B@’&% in this survey are most likely to adopt them in the delivery of

building pro@s.

Mor&&crosstab analysis and chi-square test were conducted on the firm types and overall
BIM awareness to explore whether there is a statistically significant relationship between the
firm types and overall BIM awareness. From the Cross tab analysis as displayed in Table
4.3a, it found that the architectural firm had the highest frequency count (162) on the

response “Yes, our firm have heard and is aware” while the Quantity surveying firm had

the least frequency (120). From Cross Tab analysis, it is impossible to tell whether there is a
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statistically significant relationship between these groups on Overall BIM Awareness,
therefore, a Chi-Square test was conducted to ascertain this. The results of Chi-Square
showed that no significant relationship exists between the firm types and the Overall BIM
Awareness; (x? (656, N=656) = 3.17, P > .05).

Table 4.3a: Cross-Tabulation (Firm Types and BIM awareness)

[\
Firms’ Types Yes, our firm have Not No, our firm have &1]

heard and is aware sure not heard and is
not aware g

Architectural 162 (93.6) 11(6.4) 0(0.00) \/T73(1 00.0)
Engineering 149(92.0) 10(6.2) 3(1. ’\ 162(100.0)
Building Contracting 151(84.8) 20(11.2) 7(4, 178(100.0)
Quantity Surveying 120(83.9) 14(9.8) 143(100.0)
Note: values in the bracket are percentages N

Source: Author's Computation, (2024) 0

Table 4.3b. Chi-Square Tests of Association \179
Value df .7 Asymp. Sig. (2-

O sided)
Pearson Chi-Square  3.171* 2 \\) 0.60
Likelihood Ratio 3.217 2 0.85
Linear-by-Linear 1.106 &@ 0.12
Association

N of Valid Cases 654 \Q,

Source: Author's Computa'@aﬂﬂ)

Furthermoretto derstand the respondents’ level of awareness in each of the six capital

cities ir@i&hwest Nigeria from where the study drew the sample, a Crosstab descriptive

analysis was also conducted and the result is presented in Table 4.3c.

Table 4.3c: Cross-Tabulation of Respondents Level of BIM Awareness per Location

Firms’ Location Yes, our firm have Not No, our firm have Total
heard and is aware sure not heard and is
not aware

216



Ikeja (Lagos) 325(97.0) 7(2.0) 3(1.0) 335(100.0)

Ibadan (Oyo) 133(83.4) 8(5.4) 18(11.2) 159(100.0)
Abeokuta (Ogun) 63(70.2) 5(6.0) 21(23.8) 89(100.0)
Osogbo (Osun) 21(60.4) 3(10.5) 10(29.1) 34(100.0)
Akure (Ondo) 16(60.1) 2(8.9) 8(31.0) 26(100.0)
Ado Ekiti (Ekiti) 8(59.8) 1(9.4) 4(30.8) 13(100.0)
566(72.0) 26(6.9) 64(21.1) 656(100.0)
Note: values in the bracket are percentages \
Source: Author's Computation, (2024) Q

Results presented in Table 4.3c reveal that 97.0% of respondents in Lagos i@d that their
firms were aware of BIM, 83.4% were aware in Ibadan, 70.2% a are in Abeokuta,
60.4% in Osogbo, 70.2% were aware in Abeokuta, (60.1)% i @nd 59.8% in Ado Ekiti.
This implies that even though the number of respondent §l of the cities was not equal
in number, the result as presented in Table 4.3 s that the awareness level of building
information modeling is high among the buildin s in the study area and this is topped by
firms in Lagos followed by Ibadan. ,&\

4.2.2.2 Extent of Awareness of %4%%8) across the Building Stages

In order to understand the @ of knowledge of the respondents about BIM and its uses,
they (the respondents),wese’ asked questions on their level of awareness about the use of BIM
in building de&@n)@

identified @ the literature. These BIM uses are then categorized into three stages of

onstruction activities. Table 4.4 shows fourteen (14) BIM uses as
buikﬁq&nstruction (Design Stage, Construction / Building Stage, and Operation / Facility

Management Stage). Question asked for this section was based on a 5- point Likert Scale

where 1 represents Not Aware; 2 represents Less Aware; 3 represents Not Sure; 4
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represents Aware, and 5 represents Very Aware. This measured respondents’ familiarity and

knowledge base about BIM (uses) across the building stages.

It was found from the result presented in Table 4.4 that although 72% of respondents
indicated awareness about BIM as aforementioned it is however evident that only about
70.8% of respondents firm are either aware or very aware that BIM c used for
construction planning, 13.7% were not sure. In comparison, 13.7% w ither not or less
aware that it can be used for construction planning. Also, it was &ered that 69.2% of
respondents were either aware or very aware that BIM can@ for visualization, and

15.0% were not sure. In comparison, 15.9% were either @ ess aware that it can be used

for visualization. This implies that there is a progésSb increase in BIM knowledge among

stakeholder firms in the Nigerian Building I@

N

Under the Design Stage as shown it K 4.2, seven BIM uses were identified with mean
scores ranging between 2.84 anQ}é These BIM uses at the design stage ranged from
construction planning ncing which is the least ranged. To get the BIM use
respondents are Very Qaware of at the design stage, a mean score threshold of 3.00 was
set. As a resul(Bty six (6) BIM uses were above 3.00 and considered significant. These
BIM uses onstruction Planning (Mean = 3.95; SD = 1.230), Visualization (Mean = 3.84;
SD Z\Q%g), Coordination (Mean = 3.72; SD = 1.291), Cost estimation (Mean = 3.71; SD =
1.226), Prefabrication (Mean = 3.70; SD = 1.247), and Constructability Analysis (Mean =

3.23; SD = 1.435).
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Under the Construction / Building Stage, four (4) BIM uses were identified with a mean
score ranging between 2.80 and 3.09. BIM uses at the construction/building stage ranged
from construction monitoring to prefabrication which is the least ranged. To get the BIM use
respondents are very much aware of at the construction/building stage, a mean score
threshold of 3.00 was also set. As a result, only two (2) BIM uses were abegQO and
considered significant. These BIM uses were Construction monitoring ( ag.09; SD =

1.417), and Clash Detection (Mean = 3.02; SD = 1.398). 6\

Under the Operation/ Facility Management Stage, three (3) s were identified with a
mean score ranging between 2.49 and 2.92. BIM uses @e maintenance/operation stage
ranged from Asset Management to Record Mod ifb%ich is the least ranged. To get the
BIM use at the operation/ facility managem f@e, a mean score threshold of 3.00 was also
set and no BIM use is above 3.00. Tl.lig'\'ktes that the majority of the respondents are not

very aware of the use of BIM at th@tion/ facility management stage.

Table 4.4: Awareness of BIM Uses Across Building Stages

S/N Variables VA A NS LA NA Mean SD Rank
) ) ) () (%)
Design Stage
1 Construction 264 248 56 24 64 3.95 1.230 1
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Planning (40.2) (30.6) (13.7) (3.7) (9.8

2 Visualization 240 240 72 40 64 384 1255 2
(36.6) (32.6) (15.0) (6.1) (9.8)

3 3D Coordination 224 216 88 64 64 372 1291 3
(34.1) (32.9) (13.4) (9.8) (9.8)

4  Cost Estimation 200 232 112 56 56 371 1226 4
(30.5) (354) (17.1) (8.35) (8.5)

5 Prefabrication 192 264 64 80 56 3.70 1.247 5
(29.3) (40.2) (9.8) (12.2) (8.9)

Va\
6  Constructability 152 192 88 104 120 3.3 56
Analysis (232) (29.3) (13.4) (15.9) (18.3) ,

7 Sequencing 88 160 120 136 152 BAI376 7
(13.4) (24.4) (18.3) (20.7) (23.2)_°

Construction Stage

1 Construction 128 176 104 120  128.N\%09 1417 1
Monitoring (19.5) (26.8) (15.9) (18.3),~(19%)

2 Clash Detection 120 160 120 128 \?8 3.02 1398 2
(183) (244) (183) (185))719.5)

3 Maintenance 88 144 136 6 ¥ 152 28 1364 3
Scheduling (13.4) (22.0) (20\7)@7) (23.2)

4  Fabrication 88 136 1@ 36 152 280 1357 4
(13.4) (20.7) (P20Y (20.7) (23.2)

Operation/Facility Management Stage

—_—

(12.2) 4 (18.3) (24.4) (22.0)

Asset Management 80 15; Ni{200 160 144 279 1342 1

2 Building System 64 c:?s 128 144 168 270 1333 2
Analysis O8N 123.2) (19.5) (22.0) (25.6)

3 Record Modelling « 64/ 144 136 144 168 268 1325 3

. 8)  (22.0) (20.7) (22.0) (25.6)
Note: N =656, 5 = Ve@&r‘e(VA); 4 = Aware(A); 3= Not Sure (NS); 2= Less Aware (LA);
1= Not Aware (NA); SD =*Standard Deviation
Source: Authﬂ@Q utation, (2024)

Objective 3: Identify the level of usage of BIM across the building stages in the building

industry in southwest Nigeria.
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4.2.3 BIM Usage (Adoption) by Firms in the Nigerian Building Industry
This section discusses the result of BIM usage (adoption) by firms, the extent of BIM usage,

and the building stages at which BIM has been adopted in the Nigerian building industry.

4.2.3.1 Level of BIM usage by Firms in the Nigerian building industry

The adoption of BIM by firms was investigated by asking respondents to indj heir level
of BIM usage in their firms on building projects. The question asked foQIy section was
based on a 5-point Likert Scale where 1 represents Never; 2 r&are; 3 represents

Sometimes; 4 represents Often, and 5 represents Always. T@a t is thereby presented in

Figure 4.4. Q
AN

M Never

W Rare

% Sometimes
Often

B Always

Figu% “ BIM Usage among the building industry firms

Source: Author’s Computation, (2024)

Based on the responses as show in Figure 4.4, 48% of the sampled firms had never used BIM

on any building project and 20% had used it on a rare basis. The study revealed that only
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32% of the sample firm have really adopted BIM in excuting their building projects and this
represents firms that use BIM sometimes, often and always. Those rates give a drawback
indicator of BIM implementation in Nigeria's building industry. This also aligns with a
similar study carried out in Federal Capital Development Authority (FCDA), Abuja, Nigeria
16 Since adequate awareness and knowledge of any innovation have been e ed to
have impact on the adoption of that innovation by the potential adopters(/@an then be
inferred that the observed high level of awareness and familiarity "tg\BIM and its uses

among the firms in the Nigerian building industry might have co@ted to the considerable

level of adoption (32%) as observed and presented in this @ee Figure 4.4).

Furthermore, Table 4.6 reveals the result of the dSb%ulation of the respondents’ firms’
level of BIM adoption per location. As pre Table 4.6, the mean score indicates that
BIM has been adopted across the stgl\'éa however, the extent of adoption was still

generally low as all the mean score@s were below 3.0.

R\

Firms’ Alway n Sometimes Rare Never  Mean
Location

Table 4.6: Cross—Tabula@‘Respondents Level of BIM Usage per Location
te

Score

Ikeja QJ(%\ 102.9)  59(17.6)  92(27.5) 115(343) 2.89

(Lagos)
Ibadan ’6@2(13.8) 19(11.9) 24(15.1) 8(5.0) 86(54.1) 252

(Oyo) g}
Abebl\u/ 13(14.6) 21(23.6) 8(9.0) 5(11.9) 42(47.2) 248
(Ogun)

Osogbo 4(10.7)  4(11.6) 1(2.7) 7(20.6)  18(52.9) 2.39
(Osun)
Akure 2(7.7)  3(11.5) 2(7.7) 2(7.7) 17(52.9) 2.36
(Ondo)
Ado Ekiti 1(7.7)  2(15.4) 0(0) 2(15.4)  8(61.5) 222
(Ekiti)
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Note: values in the bracket are percentages
Source: Author’s Computation, (2024)
4.2.3.2. Extent of BIM Usage among Firms in the Building Industry in Southwest

Nigeria

In order to establish the extent to which BIM had been adopted in the E9Q building

industry, the respondents were asked to select the extent to which their, fifgns have engaged

BIM to achieve the activities (of BIM uses) identified from t ere. The result is
presented in Table 4.7 based on the types of firms. The rﬁ ealed that the top three
activities that architects use BIM for in construction e@ses are construction planning,
visualization, and 3D coordination with mean sc e%{%.%, 3.88, and 3.87 respectively (see
Table 4.7). This implies that the common BIM- 1ant tools used by architects as observed in
Table 4.2 which are Revit(99.4%), A.ut cad(98.8%), Sketchup(87.3), and Archicad (62.0%)

are used to achieve ‘construction @ﬁng, visualization, and 3D coordination in building
projects. '&

Moreover, the top thr Q?ties engineering firms use BIM to perform as seen in Table 4.7
are constructab@.t;\}ﬁysis, construction planning, and construction monitoring with mean
scores of 3 .85, and 3.83 respectively. This also implies that the common BIM-compliant tools
used%&ineers which are Tekla Structures (97.5%), PowerCivil (72.1%), and Autocad (70.4%) as
seen in table 4.2 are used mainly to achieve constructability analysis, construction planning and
construction monitoring in building projects. In addion, the study discovered that cost estimation,

asset management, and maintenance scheduling with mean scores of 4.12, 3.98, and 3.91
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respectively are the three topmost functions that quantity surveing firms use BIM to perform
in building processes. This likewise implies that common BIM-compliant tools used by quantity
surveying firms as observed in Table 4.2 which are QSCAD (99.3%), MasterBills (98.6%),
ArchiFM (72.7%), and Autocad (657.0%) are used to achieve cost estimation, asset

management, and maintenance shedulling in building projects. Q\

Furthermore, construction planning, constructability analysis, and sequenci’ni&h‘mean scores of
0

3.88, 3.85, and 3.81respectively are the top three functions that buiid

BIM to perform in building processes. This infers that the ¢ on, BIM-compliant tools used

tracting firms use

by building contracting firms as presented in Table 4.2 whi Q e Autocad (68.5%), ArchiFM

(65.7%), and Sketchup (61.8%) are used to acg‘%Qonstruction planning, constructability

analysis, and sequencing in building projects. \Q’b
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Table 4.7: Extent of BIM Usage among the Sampled Firms

Architectural firm | Engineering firm Quantity Wding Total | Total
SN | Achievements Surveying firm acting firm | mean | Rank
Mean | SD | Rank | Mean | SD | Rank | Mean | SD | Rank \1\3&:{1 SD | Rank
1 | Construction Planning | 3.91 | 0.81 |1 385 | 113 ]2 3.65 | 0.68 388 069 |1 382 |1
2 | Visualization 388 1076 |2 355 108719 2.66 10“0\ 377 1083 |4 358 |2
3 | 3D Coordination 387 078 |3 364 10848 3.00 ~4\9§s 9 375 1092 |5 357 |3
4 | Cost Estimation 204 112314 243 | 1.08] 14 98 | 1 352 10896 356 |4
5 | Prefabrication 348 | 191 |8 372 1097 |6 ,Q\s 076 | 5 1.10 [ 12013 296 |8
6 | Constructability 385 | 086 | 4 3.86 | 0.86 16" 275 | 101 | 12 385 | 0.86 353 | 5
Analysis
7 | Sequencing 362 1085 |5 381 |0 293 1096 |10 381 070 |3 277 19
8 Construction N
Monitoring 356 | 0.68 |7 3.&%\\‘ 03 288 08211 344 1089 |7 352 |6
9 | Clash Detection 359 1071 |6 {G)‘ 090 | 5 337 10818 341 1099 |8 351 |7
. P »
10| Maintenance 11| oo |11 | 391 | 0653 222 | 098 |9 232 |10
Scheduling
11 | Fabrication 367 108717 352 10666 211 [ 1.00 | 10 222 |11
12 | Asset Management 300 077 |12 398 1059 |2 1.90 [ 099 |12 220 |12
13 | Building System 320 1079 | 10 3.49 | 067 |7 210 | 097 |11 218 |13
Analysis
14 | Record Modelling 252 1090113 1.17 | 096 | 14 120 1089 | 14 192 | 14

la
Source: Author;s Compl@ n, (2024)
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4.2.3.3. BIM Usage among Firms in the Building Industry across the Building Stages

To know the extent of use of BIM across the stages of work in the building industry, the
respondents were asked to select stage(s) wherein their firms have engaged BIM in building
projects and the result is presented in Figure 4.5. The study found that although it appears
that the respondents use BIM across the various stages of project executioQ‘é@ is a
predominant use of BIM at the design stage (69%). This is followed by theQ IM at the
construction stage (19%) as well as the maintenance/renovation stage«(12%) as illustrated in
Figure 4.5. However, despite the enormous benefits of BIM%@ operational stage of
buildings, as noted by '®, it is obvious from this study tha rarely used in the operation

stage of constructed facilities in the study area. Q

NS

Operation
12%

Construction
19% M Design
I Construction

¥ Operation

Figure 4.5: BIM Usage across building stages
Source: Author’s Computation, (2024)
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The study went further to test how the annual turnover of the firms could affect BIM usage.
The descriptive statistics show that mean values ranged from 3.06 to 25.73 as shown in Table
4.8. This is further illustrated in Figure 4.6; the breakdown of results shows a kind of
consistent pattern as the mean scores tended to increase with the annual turnover of the firms.
The lowest mean score of 3.06 was obtained for those firms with annual tumoveQ\A( while
those with >250M turnover recorded the highest (25.73). The ANOVA r@/@how that a
significant difference exists in the level of usage of BIM among fi ’r%;gondents based on
the annual turnover of the firms (F= 6.626, p<0.05). Going by th@ it could be said that
the annual turnover of the firms influences the level of, f BIM in the building and
construction industry in Nigeria. Those firms with <l#\annual turnover have low levels of
BIM usage compared to the firms with an annua@wer of 101 — 250M and > 250M which
have high levels of BIM usage. ®
Q)

Table 4.8: Usage of BIM with Res@% Firms’ Annual Turnover

Firm type Mean Std. Deviation F Sig
<1M ’Q\ 3.06 0.70290

1-10M Q 5.80 0.85111

11 -50M . & 7.50 1.13228 6.626 0.018
51— 100M Qj\\' 11.91 0.52705

101 —250 13.36 0.98577

>250M O 25.73
Aveﬁg&ean 11.23

Source: Author’s Computation, (2024)
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<M 1-10M 11-50M 51 - 100M 101 - 250M >250M

=®= Group Mean =@ Average Mean

Figure 4.6: Usage of BIM with Respect to Firms’ Annual Turnov%
Source: Author’s Computation, (2024) 0

Objective 4: evaluate the factors that influence t option of BIM in the building

industry in southwest Nigeria. ,bb‘

4.2.4 Factors that influence the adopgi{' of BIM in the Nigerian building industry.
This section presents respondents’& of the barriers that can limit the adoption of BIM

and the Critical Success F at@ SF) that can drive the adoption of BIM in the Nigerian

building industry QQ
4.2.4.1 Barrie@ adoption in the Nigerian building industry

Barriers h%hen identified as factors that can inhibit the adoption of any innovation. These
baﬂt&%ﬁld be of different categories depending on the innovation to be adopted '°. The
review of the literature revealed some barriers that could hinder the adoption of BIM in
countries around the world. In this study, 39 barriers to the adoption of BIM were within the

context of the Nigerian building industry. Factor analysis was undertaken on the identified
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39 barriers to BIM adoption in the Nigerian building industry and was also checked against
Kaiser-Meyer-Olkin (KMO) and Barlett’s test of specificity. Thus, as shown in Table 4.9, the
data obtained were confirmed satisfactory with a Kaiser-Meyer-Olkin (KMO) value of 0.906,
consistent with the value of 0.6 as recommended by Kaiser (1974) and Barlett’s test of
specificity value of 0.000 (less than .05) with an approximate chi-square value 9.054,

and df = 190. Notable earlier researchers in BIM studies supported this app@* 2L22,

Table 4.9: KMO and Bartlett’s Sphericity Test N ( ’\\
N4

Kaiser-Meyer-Olkin O.%
measure of sampling 0
adequacy Q

Bartlett’s test of Sphericit Approx. Chi-Square 1399.054
phericity ~ App quare "AQ

Df mQ." 190

Sig QQV 0.000

Source: Author’s Computation, (ZQ% N

o

In determining the number of &@} to be extracted for the rotated factor analysis an initial
non-rotated factor ana@}s conducted using the principal component analysis (PCA)
method and ﬁve.r@components with eigenvalue greater than 1 were extracted (Table
4.10). To a cegajn\if the extracted components should be selected for the rotated PCA,
Monte %%parallel analysis was conducted randomly for the 39 barriers investigated in this
stud}x{ presented in Table 4.11. It was observed that the values of the five categories
extracted from the PCA on barriers to BIM adoption in the Nigerian building industry were

all greater than their corresponding values produced in the parallel analysis.
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Table 4.10: Initial Non-Rotated Total Variance Explained

Initial Eigenvalues Extraction of Sums of Squared
Component Loadings
Total % of Cumulative %  Total % of %‘ive %
Variance Varlancir 0
1 5.487 39.192 39.192 3.010 &V 21.503
2 3.125 12.520 51.712 2.783 @8 41.381
3 1.753 11.029 62.741 2.214 %.811 57.192
4 1.544 7.155 69.896 10.704 66.896
5 1.202 6.862 76.758 9.862 76.758
6 988 2.880 79.638 6’6
7 921 2.270 81 9
8 .897 1.921
9 869 1.632 \Qg 471
10 .860 I. 510& 87.031
11 844 QSZI 88.721
12 818 827 88.920
13 770 0 839 89.123
14 7@ 0.860 89.532
15 (ﬂ 0.844 90.242
16 fb, 712 0.858 90.653
\(/Q’ 689 0.760 91.427
18 .608 0.778 9.861
19 555 0.788 92.222
20 S12 0.792 92.821
21 502 0.619 93.411
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22 497 0.612 93.784

23 489 0.515 93.855

24 452 0.510 94.213

25 432 0.502 94.517

26 422 0.492 94.721

27 401 0.489 95.515 \

28 399 0.432 95.942 OQ

29 372 0.428 96.37 (/

30 312 0.427 96.797 ’\

31 301 0.422 97.219 %O

32 272 0.419 97.638 0

33 270 0.400 98.038 Q

34 268 0.397 98.435 Q

35 265 0.369 98.749 6%

36 232 0.314 %;@

37 222 0.301 9515

38 .189 0.208 é;\\'§230

39 172 ‘0.2{ 100.000

Source: Author’s Compu@é (2024)
Table 4.11: Monte Caglo P€A for Parallel Analysis
Factors f. {\'\ Random Eigenvalue Standard Dev
14 \W 1.4282 0.0462
}66 1.3427 0.0392
\/% 1.2809 0.0300

4 1.2226 0.0299
5 1.1702 0.0284
6 1.1164 0.0275
7 1.0728 0.0268
8 1.0272 0.0237
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0.9856
0.9439
0.9018
0.8616
0.8188
0.7803
0.7319
0.7252
0.6974
0.6277
0.6121
0.596
0.556
0.525

0.501@

g’&

Q’/&O.459

0.444
0.423
0.400
0.398
0.382
0.373
0.361
0.322
0.310
0.297
0.277
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38 0.268 0.0249
39 0.247 0.0189

Source: Author’s Computation, (2024)

Hence, the rotated PCA was limited to five significant components. The percenta &q\
explained variance by the five components was 76.76% (Table 4.10), with f; §,2,3 4

and 5 accounting for 39.19%, 12.52%, 11.03%, 7.12%, and 6.86% res i\gf,before
rotation. %Q

After the rotated PCA was conducted, using Varimax ro@n, the percentage variance
accounted for by factors 1, 2, 3, 4, and 5 were 21.50% &, 15.81%, 10.70%, and 9.86%,
respectively. This suggests that, while the distril@"g differed from the baseline variance
accounted for before rotation, the overall v@e of the five factors remained constant after
rotation; only the distributions of the{% rs loaded into each factor varied, as shown in
Table 4.12. This finding also der@strated that factor 1 explained 21.50%of the barriers that
influence firms' BIM ad§®n the Nigerian building sector, whereas factors 2, 3, 4, and 5

accounted for 19.889 .81%, 10.70%, and 9.86%, respectively. The five main factors

extracted are in@&te as follows:

(1) Factor, %man factors group

(2) F&;Qré: Management factors group
(3) Factor 3: Technological factors group
(4) Factor 4: Project factors group

(5) Factor 5: External factors group
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Table 4.12: Rotated Component Matrix for BIM Adoption Barriers

Factors Barriers to BIM Adoption Component loading for each catégory
Ignorant of BIM usefulness 0.758 %‘
Lack of Experience and Skills 0.734 (/0
Unwillingness to use BIM 0.724 /\
Absence Work motivation 0.718 0
Personal Incompetency 0.704 %
Lack of Interest 0.704 QQ
Negative Perception of Ease of Use 0.69

Financial resources b‘ 0.738

Ignorance of benefits of BIM for 0.730
organization @

Unavailability of BIM users ~ ° @ 0.712
Organizational readiness C-) 0.710

Lack of Capacity to use‘i@tion 0.706

technology

Unavailability of technical infrastructure 0.698
Perceived s.k\ 0.692
Lack ofManager’s support 0.686
Or%‘btion’s culture 0.676
bhgmization’s capacity 0.674
Organization’s policies 0.672
Speed of BIM tools

Technology Quality

Functionality
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Feasibility using BIM
IT support

Result demonstrability
BIM complexity
Accessibility
Trialability
Procurement methods
Project scale

Project requirements
Stakeholders’ awareness
Project complexity
Stakeholders interaction
Government supports
BIM standards

BIM instructions

BIM providers
Competition levels

Laws and policies

\

&

D

0.716
0.716
0.716
0.714
0.494
0.484
0.450

0.724
0.696
0.696
0.686
0.470
0.356

the Nigerian b

agreemen

Source: Author’s Comput join; (2024)

Moreover, to identify Q of the barriers the respondents believed inhibit BIM adoption in

resuh\%presented in Tables 4.10, 4.11, and 4.12.

4.2.4.1.1 Human Factors Group
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‘ildl,\%i dustry they (the respondents) were asked to indicate their levels of

@the 39 barriers to BIM adoption identified from the literature reviewed. The

This factor amounts to 21.50% of the total variance of barriers to BIM adoption in the

Nigerian building industry. This factor has seven main items as follows: ignorance of BIM



usefulness; lack of experience and skills; unwillingness to use BIM; lack of work motivation;
personal incompetency; lack of interest; and negative perception of ease of use. The surveyed
respondents ranked “ignorance of BIM usefulness” in the first place with a mean score = 3.79,
proving that it has the greatest influence on BIM adoption in the study area. This result is in
line with some previous studies’ opinions, which indicated that ignorance of BI ulness
is a prerequisite factor for users to accept BIM software 2*2* 2°, Ignorance (/@ usefulness
is the most critical barrier to the behavioral intention of using BI ies 26 27, 28,29, 30,
When respondents observed that BIM was useful, their attitu%vards the use of BIM
increased and their intention to use BIM increased signifi !. The “ Lack of experience
and skills” factor is the second critical factor in the hu factor group, with a mean score =
3.67. This ranking was supported by a study th@ined that limited experience and skills
in new technology were mostly affected b@d intentions to use just right after a lack of
training and lack of self-efficacy 32.&%96 er, this finding contradicts the result of another
study in which, the experieqce&%&nan resources was ranked 41 over 45 factors *. In this
regard, “experience a@ do not frequently affect the intention to use BIM of an
individual. With.a,&l score = 3.62 “unwillingness to use BIM” is ranked third in this
group, whic s&w& that this factor has a high impact on BIM adoption among firms in the
study a is was proved by a study, which stated that staff willing to improve their
marlé(ompetitiveness by playing a proactive role in learning BIM software. Another factor
is “lack of work motivation” (mean score = 3.59), which ranked fourth in this group,

indicating that motivation plays an important role in learning new technology. “Personal
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incompetency”, “lack of interest” and “negative perception of ease of use” with mean scores

of 2.52,2.52, and 2.45 respectively, have a low effect on BIM adoption.

In cases where the mean scores are above 3.0, it implies that the factors are critical barriers to

the adoption of BIM in the Nigerian building industry, while those below 3.0 are itcritical

barriers to the adoption of BIM in the industry. Based on the interpretation of Qmework,

it is evident that ‘ignorance of BIM usefulness’’; “’lack of exp ie&ej and skills’’;

“unwillingness to use BIM’’; and “’lack of work motivation’’; éal barriers to the
>

adoption of BIM by firms in the study area under the human @ oup.

Factors Mean eviation

Ignorance of BIM usefulness 3.79 ® 977 1
Lack of experience and skills 3@ 0.898 2
unwillingness to use BIM . Q/ 0.966 3
Lack of work motivation Q\ 3.59 1.057 4
Personal incompczte Cc 2.52 0.934 5
Lack of interes(:\\' 2.52 0.967 5
Negative % tion of ease of use 2.45 0.946 7

)

AN
SourMuthor’s Computation, (2024)

4.2.4.1.2 Management Factors Group
This factor amounts to 19.88% and financial resources are in the first place in this group with
a mean score = 3.69 indicating that the huge financial implication of procuring BIM software
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and the associated training of staff required is considered a major barrier to BIM adoption in
Nigeria building industry firms. Also, as demonstrated in Table 4.14, “Lack of awareness of
BIM’s full potential” is in second place in this group with a mean score = 3.65, proving that
this factor has a significant effect on the application of BIM in a project. This ranking was
further supported by study **, which stated that lack of awareness of BIM’s fulq\&tial is
one of the three main factors affecting the AEC industry in BIM adoe/glong with
external forces and internal readiness. With a mean score = 3.56, ~unayailability of BIM
users” ranked third over the 11 management factors group, indiw@ that skilled staff who
can handle BIM tools is important in the decision to use are by firms. This ranking
is in line with some previous studies, which pr that the availability of trained
professionals to handle BIM tools was foun%&the most significant driver of BIM
application > 3¢ 37 38 For example, it w&@ted that few technically trained employees
would assist the adoption of BIM f%%gﬁ izations *°. The unavailability of BIM users had
also been identified as the fqre&@}arrier to the introduction of BIM in the USA #’ and one
of the major obstacl@e UK “. As for developing countries, a lack of trained
professionals wag ;&d fifth according to the significant study context of Nigeria . By
contrast, a ucgdndicated that the number of BIM experts and technical staff had a low
inﬂuenc@egree to aid the adoption of BIM technology as it mainly changed the workflow
and p}&n of the organizations and had impacts on some human factors (i.e., perceived ease
of use, perceived usefulness and intention to use) . In this regard, the unavailability of

skilled staff had significant influence on BIM implementation in many countries.
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The next three influencing factors are “Organizational readiness,” “Lack of capacity to use
information technology” and “unavailability of technical infrastructure” with the mean score
= 3.00, 3.01, and 3.02 respectively. Although they ranked fourth, fifth, and sixth, their
differences are not significant (0.001), which indicates that these three factors’ influences
were similar and slightly significant to the adoption of BIM. The mean scores O‘Q*St five
factors (Perceived risks = 2.46, Lack of manager’s support = 2.43, Organ@@s culture =

2.38, Organization’s capacity = 2.37, and Organization’s policies =, _236) are below 3.0

critical standard. indicating that these factors have a low influenc e adoption of BIM.

Factors 6 Std. Deviation ~ RII  Rank
Financial resources \Qrb 3.69 0.900 0.738 1
Lack of awareness of BIM’s full pote.nsi&\ 3.65 1.000 0.730 2
Availability of BIM users &(‘)\ 3.56 0.890 0712 3
Organizational readiness \AQ/ 3.00 0.972 0.710 4
Capacity to use informa\gtechnology 3.01 1.011 0.706 5

Availability of (:::Q\gbinfrastructure 3.02 0.913 0.698 6

Perceived ri@ 2.46 0.979 0.692 7

Mam{e/%’gpport 2.43 0.952 0.686 8

Organization’s culture 2.38 0.926 0.676 9
Organization’s capacity 2.37 0.932 0.674 10
Organization’s policies 2.36 1.002 0.672 11

Source: Author’s Computation, (2024)
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4.2.4.1.3 Technological Factors Group

This factor has 15.81% (see Table 4.10) of the total variance of barriers to BIM adoption in
the study area. The ranking of 10 factors under the technological group is shown in Table
4.15. With a mean score = 3.75, “interoperability of BIM tools” was ranked first in this group,
which shows that this factor is a powerful determinant and has a very high e 7& BIM

usage. This is because the participants believed that speed was the mo@nding and

obvious advantage of BIM compared to traditional methods. “Tec y quality” (mean
score = 3.69) was ranked second in this category, proving that%hissfactor has a significant
influence on BIM application. “Functionality” was the tha ent driving BIM adoption

with a mean score = 3.60. This factor was also mentio@s{ in a study as one of the two main
areas referred to BIM adoption, including technif@)ls—functional requirements and needs,

and the non-technical strategic issues *'. ®

“Feasibility using BIM,” “IT supp\g,‘;\ﬁl'd “result demonstrability” were evaluated to have
the same effect on BIM ado';@ as in the respondents’ opinion, with a mean score = 3.58.
They were all ranked @%this group and tenth in the overall ranking, indicating that the
three factors h 'e@portant influence on the introduction of BIM technology. This was
buttressed by*a study that stated that poor IT conditions were a huge constraint to technology
ado%&vity 4, Meanwhile, “result demonstrability” was mainly recognized as the
ability of BIM in visualization and proved to be the significant advantage of BIM software
that drove respondents to try using BIM Okereke et al., (2021). Furthermore, it was stated in
the prior study that the effortless observability of BIM to organization top management is a

contributing factor to BIM adoption *°. “BIM complexity” with a mean score = 3.57 is in the
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seventh place of this group, indicating that this factor has a moderate impact on BIM

adoption.

99 ¢¢

The other factors in this group are “accessibility,” “trialability,” and “procurement methods”
with mean scores ranging from 2.47 to 2.25, ranking eighth, ninth, and tenth respxti\!ely in
f

this category. This proves that these factors have a low influence on the applic@ IM.

Factors Mean Std. i Rank

Interoperability of BIM tools 3.75 919 1

Technology Quality 3.69 Q : 0.936 2

Functionality 3.66
Feasibility using BIM @ 0.970 4

IT support (;\\% 3.58 0.830 4

Result demonstrability. é 3.58 0.963 4
BIM complexity Q\ 3.57 0.918 7
Accessibilit.y 2.47 0.913 8
Trialabili&j\\' 242 0.937 9
Pro nt methods 2.25 1.006 10

V]
Soul?c&uthor’s Computation, (2024)

4.2.4.1.4 Project Factors Group
This factor accounted for 10.70% (see Table 4.10) of the total variance of barriers to BIM

adoption in the Nigerian building industry. The results of Table 4.16 indicate that five factors
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of the project group have been ranked by mean score. “Project scale” and “project
requirements” with a mean score = 3.58 were ranked the first in this group, indicating that the
two factors have a similar effect on BIM adoption and their influence is moderate. These
were closely followed by “stakeholders unawareness’ with a mean score = 3.57. This ranking
is in line with the previous study, which ranked this factor fifth out of 10 driveQAk'cating
that the unawareness of the technology among industry stakeholders wgs d to be a
critical barrier to BIM adoption in Nigeria *. “Project complexi ”&gd “stakeholders”

interaction’ shared the same mean score value of 3.50 and v@sessed to be limiting

barriers to BIM adoption. Q

Factors Std. Deviation Rank
Project scale &.58 0.996 1
Project requirements é_;\\' 3.58 0.957 1
Stakeholders’ unawareness AQ‘/& 3.57 0.965 3

Project complexity QQ 3.50 1.043 4

Stakeholders inte.rag& 3.50 1.012 4
N\
Source: Au&Momputation, (2024)

4.2.4.1.@%rnal Factors Group

Table 4.17 indicates the ranking of six factors related to external drivers. With a mean score
= 3.72, “lack of government support” was ranked first in this group, which shows that this
factor is a critical barrier to BIM adoption. Also, the surveyed respondents ranked “BIM

standards” and “BIM instructions” (mean score = 3.48) in the second position in this group.
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Some previous research has proven the importance of the mentioned factors in the
adaptability of BIM 4 4% 49 For instance, a study stated that the lack of BIM
standards/guidelines was the reason why most BIM potential remains untapped in Anambra
State Nigeria °°. With mean score = 3.43, “BIM providers” followed closely to the previous
factors in terms of influence level on BIM application. The remaining facto@der the
external group are “competition levels,” and “laws and policies,” with m%@es of 2.55

and 2.28 respectively, were ranked at the end of this group, which 6&& that these factors

have a low effect on the application of BIM. %

Factors

Lack of Government supports 3.72 fbb 1.052 1

BIM standards @Q 0.967 2
BIM instructions &(_;\\3 8 0.940 2
@ 34

BIM providers 3.43 0.938 4

. $
Competition levels Q 2.55 0.969 5

Laws and policies @ 2.28 1.038 6

Source: Au@"s’tomputation, (2024)

4.2.4.2 @’gcal Success Factors (CSFs) for BIM Adoption by Firms in the Nigerian
Building Industry
Table 4.15 indicates the ranking of the ten identified success factors for BIM adoption in the

Nigerian building industry. Based on each firm category, the findings are as follows:
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Architectural firms: The top five ranked from the respondents in architectural firms include
incorporation of BIM to the academic curriculum; improvement of BIM awareness and
understanding; reduction in cost of implementing BIM; provision of training by employers;

and provision of appropriate technology and infrastructure with their mean values of 4.71,

4.64,4.47,4.34, and 4.32 respectively. Q\

Structural engineering firms: The top five ranked structural engineering 1@& improving
BIM awareness and understanding; incorporating BIM into@ mic curriculum;
outsourcing BIM experts; providing training by employers; ﬁloping BIM guidelines

with their respective mean values of 4.47, 4.39, 4.35, 4.35; .35 respectively.

Quantity surveying firms: The top five ranked f@uantity surveying firms include the
provision of training by employers; incom\&@tgl of BIM into the academic curriculum;
improvement of BIM awareness andﬁ\&' tanding; reduction in the cost of implementing

BIM; and government legislatioép orting the use of BIM with the mean values of 4.78,

4.73,4.72,4.64, and 4.@@&%@.

Building and Cmu&g firms: The top five ranked from structural building contracting
firms are th%@oration of BIM into the academic curriculum; provision of training by
employ@’;bnprove of BIM awareness and understanding; reduction in cost of implementing
BIM; outsourcing of BIM experts; and government legislation supporting the use of BIM

with their respective mean values of 4.72, 4.48, 4.41, 4.31, and 4.29 respectively.
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Table 4.18 Critical Success Factors (CSFs) for BIM Adoption by Firms in the Nigerian Building Industry

Architectural firm Engineering firm Quantity Surveying Buildin Total | Total | Kruskal
firm Contracti rm mean | Rank | Wallis

Critical factors Mean | SD | Rank | Mean | SD | Rank | Mean | SD | Rank | Mean Ql‘ Rank sig
Incorporation of BIM into &
academic curriculum 471 | 0.61 1 439 | 1.10 | 2 473 1059 | 2 ('ZY 0.66 1 4.64 1 0.743
Improve BIM awareness and %s’
understanding 4.64 | 0.66 2 447 | 0.90 1 4.72 | 0.65 | 441 | 0.71 3 4.56 2 0.393
Outsourcing BIM experts 3.99 | 0.86 9 435 1090 | 3 4.36 5 V 429 | 093 5 425 8 0.184
Provision of training by N
employers 434 | 0.80 4 435 | 0.90 4 &%%3 1 448 | 0.87 2 449 3 0.030%*
Government Legislation \J'
supporting the use of BIM 417 | 091 8 422 | 0.87 \ ;QSS 0.69 5 422 | 083 6 429 6 0.137
Developing BIM guidelines 422 | 0.78 7 435 0..90 & ~ o452 |06l 6 416 | 0.89 7 431 5 0.190
Reduction in cost of \>o ))
implementing BIM 447 | 0.78 3 3.85 &(7? 10 4.64 | 068 | 4 431 | 085 4 432 4 0.068
Setting up BIM council 3.89 | 099 10 :@%82 8 3.93 | 096 10 3.98 | 122 10 3.97 10 0.821
Compulsory use of BIM for \ v
all procurement and contract 424 | 1.01 \6\> 435 1 0.90 6 437 | 0.80 8 416 | 120 8 428 7 0.589
Provision of appropriate o \
technology and infrastructure | 4.32 .87 5 4.00 | 0.89 9 4.49 | 0.67 7 4.00 | 090 9 420 9 0.149

*p-value <0.05

Source: Author’s Cor@, (2024)
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Similarly, the overall ranking of the ten identified success factors of BIM adoption in
Nigerian building firms indicated that the overall mean values range from 3.97 to 4.64; this
implied that all the ten identified success factors are considered critical. In addition, the
overall top five ranked success factors of BIM adoption in building industry firms are:
incorporation of BIM to academic curriculum; improve BIM awareness and understanding;
provision of training by employers; reduction in cost of implementing BIM; and developing
BIM guidelines with their total mean score values of 4.64, 4.56, 4.49, 4.32, and 4.31
respectively. These study findings confirm the existing literature. For instance, a study
identified collaboration, training and promotion as the ways forward for BIM implementation
in Hong Kong °!. Also a study claimed that BIM should be made compulsory for all
procurement processes and contracts, and setting up BIM council 2. In addition, the results
of Kruskal-Wallis test revealed that except one (out of 10) identified success factor of BIM
adoption; there is no statistically significant difference in the perceptions of the four

respondents’ groups (firms).

Objective 5

4.5 Significant BIM benefits in the Nigerian building industry.

Table 4.19 displays the findings of the data analysis conducted on the benefits of BIM
adoption in the building industry. The main benefits of using BIM in the building industry
are: minimizing errors and mistakes (relative importance index RII=0.956), improving
project quality (RII=0.962), and reducing rework in construction (RII=0.976). improved
multi-party communication and collaboration (RII=0.947), improved project documentation
(RI1=0.944), improved clash detection (RI[=0.953), shortened construction time (RI[=0.948),

improved efficiency and productivity (RI[=0.939), decreased project costs (RI[=0.933), and



minimized disputes and conflicts (RII=0.932 While the least important benefits of BIM
adoption based on this study are; facilitating asset and equipment maintenance and
management (RII=0.867); increasing energy efficiency (RII=0.867); providing accurate and
up-to-date information (RII=0.862); monitoring and tracking construction progress
(RI1=0.855); enhancing team-building abilities (RI[=0.853); and creating space for more off-
site materials/component prefabrication (RII=0.836).  Information access 1Q%k and
dependable (RII=0.823), enhances facility operation and maintenancef deciSion-making
(RI1=0.820), facilitates more precise and quick project cost and timtion (RI1=0.818),
N\
O

Ultimately, these factors continue to reflect the essenti@le that BIM adoption plays in

and permits flexible and sustainable design (RII=0.802).

building projects, regardless of how these are r%%ln relation to one another. This is
predicated on the range of RII values, wi ’Qerage of 0.895 (89.50%) a maximum of
0.976 (97.60%), and a minimum of Q.@OQO%). The benefits of BIM in construction are
substantial, and if resources allo@% been demonstrated that these cutting-edge tools are
used in the completion of e.@g nstruction project. This study's findings are consistent with
the documented litera Qat has already been published, including works by 3 3 3336 57.58,
One of the gre@o lems confronting the construction industry is 'rework'. Rework has
been blan;z@r some of the issues related to cost overruns, time overruns, poor quality,
incre\s\e/%aste, disputes, and loss of profits. BIM is found to minimise this problem on

construction projects as indicated by .

BIM allows for the visualisation of the proposed building as it provides a digital model of the
object. Clashes in the building services and the system could be located and eliminated to

improve project performances with regards to time, cost, quality, among others - ¢!, BIM has
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transformed the way construction projects are executed, according to .

The main benefits
of BIM include cost savings, less design conflict, improved cooperation, easier and more

informed decision making, and enhanced project performance. In line with the results of

this investigation, a study stated that the primary advantages of BIM are its propensity to

3

One of the innovations in a technology revolution that aims to lessen faults a@Q«:curacies

lower project length and expense *.

in project documentation and designs is BIM. Changes and rework that cotld”affect project
baselines like the time and budget are minimized or eliminated aults in design and
other contract papers are reduced or eliminated. More modifications and rework
during construction lead to waste generation that has an@rse effect on the environment.
The study's conclusions about how BIM can cut 6% on project length, cost, rework, and

errors are consistent with the submission th\(Q’b

To determine if there is a signiﬁ.@ﬁference in the view of the firms’respondents
regarding the rating of the a.ss@xariables, The Kruskal- Wallis test was conducted. It is
obvious from Table 4.1%’@@ p-value of 22% (7) variables are below the significant value
of 0.05. This me‘a&n the sampled firms hold a divergent opinion on the rating of the
affected be ﬁg&\BIM. These variables in which the perception of the respondents differ
are; Im@sewices delivery (RII=0.914, Sig=0.000), provides a digital model that can be
utiliz%ﬂﬂoughout the building life cycle (RII=0.894, Sig=0.017), effective management of
project resources procurement and storage (RII=0.885, Sig. =0.000), facilitate equipment and
asset maintenance and management (RII=0.867, Sig.=0.001), Provision of accurate and
updated information (RII=0.862, Sig.=0.016), monitor and track progress during construction

(RII=0.855, Sig.=0.003), improve decision making at the operation and maintenance of a
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facility (RII=0.820, Sig.=0.014). The difference in rating by the firms does not invalidate
these roles played by BIM in the building industry. The difference in the ranking of the
affected variables by the firms showed the different levels of knowledge and usage by the
professionals and their employers. It further reflects the unevenness in the usage and

knowledge of BIM in the building industry of developing countries. It also shows th&felative

of the assessed variables had their p-value of greater than 0.05, implying| thaf*there are no

application of BIM at various stages of construction project development. How:@ 25 (78%)

significant statistical difference in the rating by the respondents. Th@:&ﬂ’ respondents have
a convergent opinion on these variables. It can be conclude tlﬁte construction industry

stakeholders agree on the assessed benefits of BIM, 1 y as it has to do with its

adoption in builing industry. &Q

Table 4.19 - Benefits of BIM Adoption in (“\ tion

S/ Variables \% N RII Rank Kruskal Wallis
N \ Test
Q\C) Chi-  P-
° A Square  value
N\

1 Improve project de&%Q 0915 13 7.657 0.054

2 Detter clash d.e eg% 0953 4 3.013 0.390
3 better coor@i\'}! 0.871 20 1.205 0.974
4 Reduce Rework in Construction 0976 1 3.557 0.313
5  bet ronization 0.870 21 6.733 0.081
6 tter’projects sequencing 0.867 22 7.104 0.069
7 give room for more off-site materials/components 0.836 28 2.284 0.516
prefabrication
8 enable visualization of the built environment 0.891 17 4.903 0.179
9 improves health and safety 0.923 12 4.862 0.095
10 Allow for flexibility and sustainable design 0.802 32 0.474 0.407
11 facilitate equipment and asset maintenance and 0.867 22 15920 0.001*
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management

12 Provides a digital model that can be utilized throughout 0.894 16 10.249  0.017*

the building life cycle.
13 more accurate and speedy estimation of project cost and 0.818 31 4.363 0.225
time
14 improvement in energy efficiency 0.867 22 7.096 0.069
15 improve resources planning and sequencing 0.876 19 4.203 0.240
16 effective management of project resources procurement 0.885 18 18.96Q*\000*
and storage
17  allows for effective and efficient utilization of site 0924 11 Q99Z 0.294
18 Improves efficiency and productivity 0.939 ’\0.947 0.814
19 Improves decision-making at the operation and 0.82@ 10.579  0.014*
maintenance of a facility.
20 Access to information is fast and reliable QQ 29 7.391 0.060
21  Provision of accurate and updated information Q 862 25 10.341  0.016%*
22 Improving team-building skills b’b 0.853 27 0.615 0.720
23 monitor and track progress during constructiorfb 0.855 26 13.847  0.003*
24 Improve services delivery \Q 0914 15 21.279  0.000%*
25  Project cost reduction . \% 0933 9 7.293 0.063
26  Reduced Construction Time \ 0.948 5 3.456 0.326
27 Improve project Quality é 0.962 2 4.049 0.088
28  Improve project docu \QA 0.944 7 1.378 0.711
29  improve multi—part&nication and collaboration 0.947 6 5.381 0.146
30 Minimize Erg mistakes 0.956 3 1.924 0.588
31 Constructa@i.t/ improvement 0915 13 0.907 0.819
32 Minirﬂ@hsputes and conflicts 0.932 10 0.738 0.864

*p-valyex0J05
Souree: Author’s Computation, (2024)

The level of significance of the respondents' perception was further assessed by combining
the general rating of BIM benefits. The Kruskal-Wallis Test result in Table 4.20 shows that
there is no significant difference in the view of the firms’ respondents regarding the rating of

the assessed benefits of BIM adoption. The p-value of 0.178 obtained for the variables
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assessed is greater than the significant value of 0.05. The participants' opinions converge on
the assessed variable, and this implies that the building industry stakeholders agree on the
potential benefits of BIM adoption in the construction industry of Nigeria and, by extension

other developing countries of Africa which have similar economic terrain.

Table 4.20 - Kruskal-Wallis Test

.

Variable

Benefits

Total

Respondents N Mean df hi Asymp.
(Firms)category Rank Q} quare  Sig.
Architecture 173 91.40 ’\
Engineering 162 79.%Q
of BIM adoption  Building and Consulting 178 @9 3 5.221 0.178
A Q
Quantity Surveying 143 63.58
N\
O

R

*p-value <0.05 \QV

Source: Author’s Computation, (2024)&
4.3 Discussion of Findings \(—;\\'
Demographic Characterisﬁ@Q
The results of the demO@ characteristics of the firms show diversity in types, locations,
years in operati @ of the firm), area of specialization, annual turnover, and work
experience (&e respondents. The study population comprised architectural firms, structural
engi@/ 7 building contracting, and quantity surveying firms. The study discovered that
most of the sampled firms were based in Lagos (51.1%). This might be because Lagos, the
most populous and commercialized city in Nigeria, provides a ready market for services

provided by firms in the building industry to meet the daily demand for more accommodation,

commercial buildings, and all other types of infrastructure to accommodate the city's growing
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population. Contrarily, Osogbo (Osun State) has relatively few building industry firms at
5.2%, followed by Akure (4.0%), and then Ado (2.0%), with the lowest number of firms.
This implies that the need and demand for building firms' services in these cities are probably

low.

Moreover, the result of the study showed that the respondents' experience was imp%ive as
the study had a reasonable percentage of them who had been in the buildustry for
years. For instance, about 62.6.8% had worked in the building indu&(o/more than 10
years, and most respondents’ project specializations are resident all building types,
accounting for 21.7 and 67.5% of responses, respectively. T@ﬁ‘erred that the respondents
are highly experienced and have played significant roles@eir firms. Their opinion on the

survey's relevance is significant because of these q@s, making it confidently reliable.

O

BIM Software Applications and their R&( e Usage in the Nigeria building industry
A total of fourteen common BIM soéi(& ograms were examined. The result revealed that
the level of awareness of the @n BIM software programs among the building industry
firms in southwest Ni@vs above average. For instance, 42.1% of respondents were
aware of Tekla s*;&es; 86% were aware of Archicad; 47.7% were aware of ArchiFM;
8.2% were aw \ Green Building Studio; 69.4% were aware of Masterbill; 75% were

s

aware OQ%’

Civil; M.1% were aware of Digital Project; 92.1 were aware of Navistwork Manager; 99.7%

Architecture; 85.1% were aware of Sketch-Up; 74.7 were aware of Power

were aware of AutoCAD; 38% were aware of VICO Software; 92.1% were aware of Bentley

BIM Suite and 89.9% were aware of QS CAD.
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However, the extent of usage of these software was found to be low as their usage was not
commensurate with the awareness level. For instance, 17.1% of respondents used Tekla
Structures; 36% used Archicad; 37.2% used ArchiFM; 2% used Green Building Studio; 21%
used Masterbill; 64.8% used Revit Architecture; 59% used Sketch-Up; 19.4% used Power
Civil; 1.1% used Digital Project; 55.9% used Navistwork Manager; 95% used AutoCAD; 9%
used VICO Software; 10.1% used Bentley BIM Suite and 25% used QS CAD:? % study
conforms with previous studies which indicated that the professionals in the ding firms
are well aware of BIM-compliant software although awareness do@&ecessaﬂly reflect
active usage * %7, However, the result of this study contradi e@t was found by another

study which stated there was a high level of use of Bﬂ\@ are packages in the Nigerian

building industry . 6{§

The lack of corresponding usage of BI ant software as discovered in this study
could be a result of the obstacles prev@tbe adoption of BIM as mentioned by a study *.
Additionally, a study claimed @&( ecause of staff members' inadequate training and

software package bugs, m@ofessionals in Nigeria's building industry have also been

unable to employ BI —cgpliant software 7°.

D"
Furthermore,, d \rom the present study show that AUTOCAD, Revit Architecture, and
Sketch[%’biere the most often utilized software programs. The majority of survey
resp%(nts were architects, engineers, building contractors, and quantity surveyors, and
these professionals primarily use AUTOCAD, Autodesk Revit Structure, and SketchUp so it
was not surprising that these programs emerged as the most widely used BIM packages in

this research. These software programs have also been found to be CAD tools that enable

architects to create architectural plans, arrange layouts, create conceptual elements, and
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present finished design drawings to clients on a computer before they are presented in person

35,71,72

Awareness Level of BIM Uses Across the Building Stages
A total of fourteen BIM uses across the building stages were identified in the li \&e. The

study examined the awareness level of these BIM uses in the Nigerian buil@usn’y. The

Mean Score ranking was adopted to assess the awareness level o Uses among the
building industry firms at different stages of the project lifecycle=Ehe uses that have been
discovered cover the phases of design, construction, an ance. Concluding the data

analysis indicates that the mean scores fall within th¢ “ayerage range. This shows that the
Nigerian building construction industry is be@g more aware of the applications of

Building Information Modeling (BIM). ®

Q)

The results of the data analysis s Q}iat the Nigerian building firms were more aware of
BIM uses in the Design Sfa@mth Cost Construction Planning having an MIS of 3.95,
Construction MonitorﬁQ’thhe Construction stage having an MIS of 3.09, and Asset
management wi @S of 2.79 in the Maintenance /Operation Stage of projects. Thus, this
supports the@dmgs of previous studies; nevertheless, there was a small divergence in the
orde\ol@’gdifferent uses, with the MIS being ranked higher than those noted in their
investigation 4> °°. The data indicates a rise in the degree of BIM use awareness, although the
Maintenance Stage still has a severely low level of awareness. The findings further support

the assertion that design professionals are the forefront users of BIM in the building industry

73
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Moreover, the relationship between BIM awareness levels across the building stages was
investigated, the findings of the analysis indicate a highly significant and robust relationship
between the level of awareness at the design stage and the construction stage (r = 0.937), the
design and operation stage (r = 0.925), and the construction stage and the operation stage (r =
0.967). This result is contradictory to a study where it was only between the design stage and
construction stage where the relationship was strong while there was a weak an'ﬁcan‘[
relationship between the level of awareness at the design stage and \opefation/facility

management stage and that of construction/building stage and opera@ility management

O

Level of usage of BIM across the building stages in the@erian building industry

stage was fair 7.

The analysis of data in this present study shows ﬁ&% ough BIM is being used across the
building stages, its adoption is yet generall@féhe adoption rate was analyzed to be 32%.
This rate provided a negative indica{& f BIM adoption in Nigeria's building industry.
According to the analysis of t@&(‘t?dy survey data, BIM is primarily used during the
"Design" stage of building@bt& Nonetheless, this study clearly shows that BIM is not
frequently employ%ﬁg operation stage of built facilities in the study area, despite the

huge advantaggs o at the operational stage of buildings, as highlighted by a study ”°.

The stu@ent on to examine the potential impact of the firms' yearly turnover on BIM
adoption. The study found a significant difference in BIM usage among respondents based on
their firm's annual turnover (F= 6.626, p < 0.05). Based on this finding, it was concluded that
annual firms’ turnover influences the extent of BIM utilization in Nigeria's building industry.
Firms with less than 1 million yearly turnover use less BIM than those with 101-250 million

or more. This seemed to corroborate a study that stated that organizations approaches to new
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innovations depends so much on their size and the annual turnover 7°. Larger companies are
known to devote more resources to research and development than SMEs with lower levels
of innovation potential, and due to their larger resources, they are also known to embrace
innovations more slowly ®'. SMEs frequently show reluctance to engage in innovative
projects that take them beyond of their comfort zones due to the significant financial and risk
involved 7’. Innovations that fit into the organization's current capabilities a %uickly

benefit the business are quickly adopted by them *°. However, Extensive research studies

have found the adoption of BIM as a radical process and a huge tranion.

Barriers to BIM adoption in the Nigerian building indust@

An examination of the literature showed some impedi@ts to the adoption of BIM in
nations around the world. This present study ider@ 9 barriers to the use of BIM in the
Nigerian building industry. The 39 identiﬁ@rs to the adoption of BIM in the Nigerian
building industry were checked agaif@fiser-Meyer-Olkin (KMO) and Barlett’s test of
specificity and then subjected to %{%nalysis. Therefore, the data were found to be good,
with a Kaiser-Meyer-Olkin@) value of 0.906, which is in line with the value of 0.6 as
suggested by Kaiser (19749 and a Barlett's test specificity value of 0.000 (less than.05) with
an approximat@@

(PCA) w. @d to do an initial non-rotated factor analysis and extract five significant

re value of 1399.054 and df = 190. Principal component analysis

combvgfs with eigenvalues greater than one to determine the number of factors to be
extracted for the rotated factor analysis. The five main factors extracted are interpreted as:
Human factors group; Management factors group; Technological factors group; Project

factors group; and External factors group.
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Furthermore, the results of this present study show that the percentage of explained variance
by the extracted five factors that served as barriers to BIM adoption in the study area was
76.76%. The human factors group explained 21.50% of the barriers to BIM adoption in the
study area, the Management factors group explained 19.88%, the Technological factors
group explained 15.81%, the Project factors group explained 10.70%, and the External
factors group explained 9.86%. Q

According to this study, the human factor group accounts for 21.50% of th@variance of
barriers to BIM adoption in the Nigerian building industry. It is c@o d of seven main
items, which are as follows Ignorant of BIM usefulness, inte s%k motivation, personal
competency, perceived ease of use, and experience and s ch a mean score of 3.79, the
survey respondents gave "Ignorant of BIM useful es»'b priority, indicating that it has the
biggest impact on the participants' adoption . This finding is consistent with the
findings of a few earlier research which %%ested that users' acceptance of BIM software is
contingent upon its perceived usefi ﬁa}s - 7980 According to several research, ignorance of
BIM usefulness is the main ng influencing behavioral intention to use BIM 3! 82 83,

\

Respondents' attitudes \@% using BIM declined and their intention to adopt dramatically

reduced when t@the knowledge of its value **. Lack of experience and skills element
0

is the secon critical barrier in the human factor category with a mean score of 3.67. A
stud p@’aﬁd support for this ranking by elucidating how BIM intentions to use were
primarily impacted by insufficient experience and skills with new technology, followed by a

lack of training and low self-efficacy *°. This result, however, contradicts the finding of

another study, which placed human resources' experience at number 41 out of 45 criteria. In
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this sense, an individual's intention to utilize BIM is typically unaffected by their experience

and skills.

Additionally, the Management Factors Group accounted for 19.88% of the barriers to BIM
adoption in the study area and financial resources rank highest in this group with a mean
score of 3.69. This suggests that the significant financial cost of acquiring BIM sofh&re and
the corresponding staff training that is necessary are regarded as a major le to the
adoption of BIM by Nigerian building industry firms. The initial o%gs{ putting BIM
technology into practice is high. To support the collaborative natu IM, firms may need
to make investments in hardware improvements, trainin@d organizational structure
modifications in addition to software licenses. Many ﬁrr&articularly small and medium-
sized businesses (SMEs), find these expenses to b ordable and are reluctant to abandon

the more dependable and less costly CAD s?i\@fg

The factor "Lack of awareness of B@l potential" ranks second in this category with a
mean score of 3.65, indicating &%’%iderable impact on the use of BIM in a project. A study
added credence to this@} by pointing out that, in addition to internal readiness and
external inﬂuenqes(%e of the three primary variables influencing the AEC industry's
adoption of BIM.ig a lack of knowledge of the technology's full potential *°. Moreover, the
unavail@ of BIM users was ranked second among the 11 management factors group with
a m%/score of 3.56, suggesting that organizations consider the availability of qualified
workers with BIM tool proficiency when making their decision to utilize BIM software. This
ranking is consistent with some earlier studies which demonstrated that the most important
factor influencing BIM application was the unavailability of professionals with the necessary

training to manage BIM tools ®7- %,
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Furthermore, the technological factors group has 15.81% of the total variance of barriers to
BIM adoption in the study area. The fact that "BIM tools installation requirements" scored
highest among these factors indicates that it is a critical barrier to BIM adoption. This is
because not all types of computer systems are suited for the installation of BIM-compliant
programs, hence leading to discouragement of BIM adoption. The result of the analysis also
found project scale as the number one barrier under the project factors group that hindered
the adoption of BIM in the study area. This could be due to the majority of the projects being
carried out by the sampled firms in the study area are residential buildings as they accounted
for 21.7% and were perceived to be as too small. Contrarily to this finding, a study asserted
that BIM is not exclusively reserved for large-scale projects but has equal and efficient
applicability in both large and small projects. Even though the size does not matter, the
important thing here is the improvement of collaboration, communication, process, workflow,
quality of deliverables, eliminating or minimizing waste, decreasing the period, and reducing

production and construction costs.

These findings confirm the(®eXisting literature. For instance, a study found that the lack of
awareness and technical kflow-how of BIM among AEC firms is the reason for the industry's
ignorance of ‘the technology. Accessibility to BIM technology and framework was
determinedyto<have a substantial impact on BIM adoption *°(Osuji, Nkeleme, and Ezeokoli
2020)N\EBurthermore, They also found that adopting BIM is hindered in the majority of
underdeveloped countries by a lack of access to technology and structure. It was discovered
that big upfront capital expenditures are required when using BIM for "first-timers,"

including hiring staff members and purchasing BIM computer hardware and software *°.
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The results of this present study show that the overall top five ranked success factors of BIM
adoption in building industry firms are: incorporation of BIM to the academic curriculum;
improve BIM awareness and understanding; provision of training by employers; reduction in
cost of implementing BIM; and developing BIM guidelines with their total mean score
values of 4.64, 4.56, 4.49, 4.32, and 4.31 respectively. The results of this investigation
support the body of current literature. For example, cooperation, training, romotion
were shown to be the best approaches for BIM implementation in Hong n@According

to a study, BIM should also be required for all contracts and procun@’n\procedures, and a

O

From the result of this study, the main benefits of using/l in the building industry are:

BIM council should be established °2.

minimizing errors and mistakes (RI1=0.956), ir%%ng project quality (RI1=0.962), and
reducing rework in construction (RII=O0. ’Qiproving multi-party-communication-and
collaboration (RII=0.947), improved }@sct documentation (RII=0.944), improved clash
detection (RII=0.953), shortene%é?t\ruction time (RII=0.948), improved efficiency and
productivity (RI1=0.939) @ed project costs (RI1=0.933), and minimized disputes and
conflicts (RI1=0.932 While’the least important benefits of BIM adoption based on this study
are; facilitatin%?}}%d equipment maintenance and management (RII=0.867); increasing
energy ef y (RI[=0.867); providing accurate and up-to-date information (RII=0.862);
monh& and tracking construction progress (RI1=0.855); enhancing team-building abilities

(RII=0.853); and creating space for more off-site materials/component prefabrication

(RII=0.836).

The results of this investigation align with previously published documented literature, such

as studies by 7 74 9. 96.97.98 "Rework' is one of the biggest issues facing the building sector.
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Certain problems with poor quality, increased waste, disagreements, cost overruns, delays,

and lost revenues have been attributed to rework. On building projects, BIM is found to

minimize this issue, as buttressed by a study .

4.4 Validation of Conceptual Framework of the Study

The conceptual framework presented in Chapter Two of this thesis shows the five key

components of the research that were investigated, and how they relate with one‘another (see

I D 11N T1

DETERMINANT FACTORS

HUMAN FACTORS
Awareness of BIM
usefulness

. Experience and skills

. Willingness to use
BIM

MANAGEMENT FACTORS

. Financial resources

. Availability of BIM
users

TECHNOLOGICAL

FACTORS
. Interoperability of
BIM tools

. BIM complexity
. Accessibility

e five components formed the background for data colle€tiorand analysis.
iceptual framework of this study was developed pfiog to the survey. After
a analysis it was important to validate the framag Work in the light of the
parch. Using the result of this research{ a yalidated conceptual framework

lding information modelling are presented as shown in Figure 4.7.

TECHNOLOGY READINESS
(Enabler Attitudes)

L

Performance Expectancy/ >
Perceived Usefulness

Effort Expectancy/

v BIM Adoption Outcomes

Perceived Ease of Use

PROJECT FACTORS
. Project Scale
. Project Requirement
. Stakeholders

Interaction
EXTERNAL FACTORS
. Lack of govt.

Support

. BIM Standards
° Law and Policy

|| Actual / Extent of BIM full integration
Use (Future Usage
Intentinn)

Social Influence

A
DERCENTION
HFERCEFHON

FacilitatifgARMditions TECHNOLOGY READINESS
(Inhibiting Attitude)

Figure 4.7 Validation of Conceptual Framework
Source: Researche@6(2024)
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Chapter Five Q:

Conclusig(‘g
5.1  Summary of Findings ®%

This study revealed the results of aso@demgned to determine the current state of BIM
adoption in the Nigerian buildin try with the view of fine-tuning communication and
collaboration among the st@iers The study adopted a quantitative research approach by
eliciting primary data hr h a questionnaire survey which was administered to 734 building
industry firms {éﬂ\i estern Nigeria, of which 656 were returned and considered valid for
further an@ Both descriptive and inferential statistics are used for the analysis. These

were\&@ed using the Statistical Package for Social Sciences (SPSS) version 20.

The analysis of the demographic characteristics showed that the respondents are highly
experienced and have played significant roles in their firms. 43.8% had worked in the
building industry for more than 20 years, 18.8% had experience between 11 and 20 years,

and 37.5% had experience of at least 10 years or less. Additionally, the results indicated that
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26.4% of respondents work in architectural or design offices, 24.7% in structural engineering
firms, 27.1% in building consulting and contracting firms, and 21.8 % in quantity surveying
firms. Most respondents’ project specializations are residential and all building types,
accounting for 21.7 and 67.5% of responses, respectively. It was also discovered that the
majority of the examined companies (51.1%) were headquartered in Lagos. This rrxlie due

to Lagos, the most populated and commercialized city in Nigeria, offering a ra@\ar et for

services rendered by firms in the building industry. ’\<
The awareness and use of BIM-compliant software in the Nigeri lding industry were

examined. The study revealed that most of the respondent@ns were aware of software
packages that comply with BIM, but the level of usage was\wot commensurate with the level
of awareness. It was found that AutoCAD, Revit %%ecture, and Sketch-Up were the most
often utilized software products among th\@%n building industry firms. Moreover, the
awareness of BIM uses across the bui@‘stages was also assessed, it was discovered that
the BIM uses awareness level is Q‘&(a\gh at the design stage of a building life cycle while it
is average at the construct@ge and extremely low at facility management stages. The
majority of building 'er firms are mostly unaware of how BIM may be used at the
facility manag@t e for record modeling, sequencing, asset management, fabrication,
maintena@\edules, and building system analysis. However, there is a very strong and
sigm‘ﬁ&' relationship between the level of awareness at the design stage and the
construction stage (r = 0.937), the design and operation stage (r = 0.925), as well as the
construction and the operation stage (r = 0.967). The level of BIM awareness among

Architects and Engineers is a bit higher than that of Builders and Quantity Surveyors.

270



However, there was no significant difference among the different professional firms (0.05

level of significance) in BIM awareness

The level of BIM usage across the building stages was also evaluated. The level of BIM
usage in the Nigerian building industry is low (32%). Moreover, regarding the extent of use
of BIM software packages in the various stages of work in the building industry& study

found that although it appears that the respondents use BIM across the Vtages of

project execution, there is a predominant use of BIM at the design,%g 9%). This is

followed by the use of BIM at the construction stage % as well as the
maintenance/operation stage (12%). BIM is rarely used in teration stage of constructed
facilities in the study area. Furthermore, the annual turnovexof the firms influences the level
of usage of BIM among the firms in the study ar ose firms with <IM annual turnover
have low levels of BIM usage compared t@s with an annual turnover of 101 — 250M
and > 250M which have high levels G@usage.

Barriers to the adoption of EI&%’%(?Nigerian building industry were of five categories as
extracted using factor @1\ These are the human factors group, the management factors
group, the techngl%& factors group, the project factors group, and the external factors
group. The ang.y} demonstrated that factor 1 explained 21.50% of the barriers that
inﬂuean%ns' BIM adoption in the Nigerian building sector, whereas factors 2, 3, 4, and 5
accountéd for 19.88%, 15.81%, 10.70%, and 9.86%, respectively. The most influential
barrier was perceived usefulness in the human factors group (mean = 3.79), followed by
financial resources in the management factors group (mean = 3.69), speed of BIM tools in

the technological factors group (mean = 3.75), project scale in the project factors group

(mean = 3.58), and government support in the external factors group (mean = 3.72).
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All the ten identified success factors of BIM adoption in the building industry firms were
considered critical factors for BIM adoption in the study area as their mean values range
from 3.97 to 4.64. In addition, the overall top five ranked critical factors of BIM adoption in
the study area are the incorporation of BIM into the academic curriculum; improve BIM
awareness and understanding; provision of training by employers; reduction in, cost of
implementing BIM; and developing BIM guidelines with their total mean s ona es of
4.64, 4.56, 4.49, 4.32, and 4.31 respectively. Except for one (out of ten) deQ

1ed success

factors of BIM adoption, there is no statistically significant differen@l’x{w perspectives of

O

The six main benefits of adopting BIM in the building in&y among the firms in the study

N

area are: it reduces errors and mistakes (RII=0.956){improves project quality (RI[=0.962),

the four respondents' categories (firms).

reduces construction rework (RH=O.97@roves multi-party communication and
collaboration (RI1=0.947), improved.pb&documentation (RI1=0.944), and improved clash
detection (RII=0.953). The least 4 ant benefits of BIM adoption are: creating space for
more off-site materials/co@t prefabrication (RI[=0.836), information access is quick
and dependable (RII= Q, enhancing facility operation and maintenance decision-making
(RI1=0.820), fa@?}(%% ore precise and quick project cost and time estimation (RII=0.818),
and permi %ible and sustainable design (RI1=0.802).

5.2 gﬁclusion
\/

This study investigated the current state of BIM in the Nigerian building industry to fine-tune
communication and collaboration among the stakeholders. BIM has much potential to
improve the effectiveness of construction works concerning design, construction, and

maintenance. Even though various factors are hindering the progress of BIM adoption among
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Nigerian building industry firms, based on the results, the following conclusions can be made.
Firstly, there is a high level of awareness of BIM-compliant software among the firms in the
study area. However, the software's usage level was not commensurate with the level of

awareness. The most commonly used BIM-compliant software packages are Autodesk

N\

Secondly, only during the design phase of a building's life cycle is the leveM usage

Quantity Takeoff, Revit Architecture, and SketchUp.

awareness high; during the construction phase, it is average, whi&d g the facility
management phase, it is very low. Most firms in the study area dof how BIM may be
used for record modeling, sequencing, asset managerication, maintenance
scheduling, and building system analysis at the facility &ement stage. Furthermore, the
level of BIM awareness among Architects and En%%s is a bit higher than that of Builders

and Quantity Surveyors. However, the difi 1s not statistically significant (F = 1.732,

P>0.05). .
&

Thirdly, the level of BIM_ 1&% n the Nigerian building industry is low. While the
respondents seemed to%@)\\/l at every level of the project execution process, the design
stage is when BIl\/g&ost frequently used (69%). The use of BIM during the construction
stage (19% a&_(he maintenance/operation stage (12%), respectively, come next. In the
study a@ is hardly ever employed during the operation phase of built facilities.
Additionally, the amount of BIM usage among the firms in the study area is influenced by

the yearly turnover of the firms.

Furthermore, perceived usefulness was the most influential barrier, followed by financial

resources, BIM tool speed, project scale, and government support. In addition, the overall top
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five ranked critical success factors of BIM adoption in building industry firms are the
incorporation of BIM into the academic curriculum; improve BIM awareness and
understanding; provision of training by employers; reduction in the cost of implementing
BIM; and developing BIM guidelines with their total mean score values of 4.64, 4.56, 4.49,
4.32, and 4.31 respectively. In addition, except for one (out of 10) identified success factor of

BIM adoption; there is no statistically significant difference in the perceptiOth e four

respondents’ groups (firms). ’\< \
Finally, the main benefits of using BIM in the building industry in dy are: minimizing

errors and mistakes, improving project quality, reducing re@ in construction, improving
multi-party communication and collaboration, improvi&@zject documentation, improving
clash detection, shortening construction time,@vving efficiency and productivity,
decreased project costs, and minimized dis@ conflicts. The least important benefits of
BIM adoption based on this study are;\&%gitting flexible and sustainable design, facilitating
more precise and quick project %&{%d time estimation, enhancing facility operation and
maintenance decision-mak@formation access is quick and dependable, and creating

space for more off@terials/component prefabrication. Regardless of how these are

arranged to one< an%
BIM adop@lays in building projects.

5.3 ecommendations

r, these criteria ultimately continue to demonstrate the crucial role that

Based on the findings and conclusion of the study, the following recommendations were
made:
1. Professional bodies should continue organizing BIM—related workshops and seminars

for their members to further acquire appropriate BIM skills and technical know-how
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ii.  The cost of BIM software and training of staff should be subsidized by the various
professional building industry firms, government, and other approved authorities.

iii.  The BIM concept should be incorporated into academic curricula of architecture,
engineering, and construction-related disciplines in higher education

iv.  Stakeholders of the building industry should be open to adopting new construction
technologies that will increase the productivity of construction work.

v.  The government should invest heavily in BIM-related research to enhance the body of
knowledge on BIM in Nigeria and develop a suitable framework or guidelines for
BIM implementation

vi.  Policy Development: The Government should enact policies that will encourage the

implementation of BIM in Nigeria.
U
5.4 Contribution to Knowledge @

The study contributed to the existir&d of scientific knowledge in the area of building

information modeling by: AQ‘J\

N\

i.  Providing regio@contexmal insights specific to Southwest Nigeria, highlighting
regiona es and opportunities in the adoption of BIM. This knowledge can
informstakeholders about local barriers such as infrastructural deficits and the need

N@lored training programs.

ii.  Pinpointing factors that could be strengthened and improved to maximize the benefits

of BIM in the building procurement process and reach a critical mass uptake of BIM

in Nigeria's building industry.
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iii.  Providing policymakers with information on awareness and adoption of BIM in the
Nigerian building industry. This includes identifying adoption drivers and barriers,
allowing for the development and implementation of policies to promote easy
adoption of BIM. Adopting building information modeling can boost the building
industry's economic worth, promoting growth and benefiting the country.

iv.  Developing a framework for examining the adoption of BIM in the Ni Q%ilding
industry. This framework can be used as a basis for research into@ innovations
outside building information modeling, whether they are in@ilding industry or
not. It can also be replicated in other geo-politi060 S to investigate similar

contexts, thereby validating the framework as @p iate for the studies into the

3
5.5 Suggested Areas for Further Rese%{b

The following areas have been suggess& r further research given the gap identified from

adoption of BIM.

N
this study and previous studies: %\(—)

1. Other studies sh@@l\vestigate the impact of the adoption of building information

modeling %quality of building projects in the Nigerian building industry.

il. Thi? st&;”used a cross-sectional survey with a questionnaire as the primary data

N

nsights due to their focus on quantitative-only nature. Future studies should use

1on method. Questionnaires are limited in their ability to generate qualitative

longitudinal survey research designs, including questionnaires and interviews, to
acquire data from the target population.
1il. More evidence-based studies are needed to prove BIM's effectiveness in improving

collaboration and communication throughout building project delivery. Case studies

276



are required to precisely measure BIM benefits on the building projects selected for
study. This will further validate the findings of the current research.
iv. Similar study could be carried out on building information modeling in the other geo-

political zone in Nigeria and then now do comparative studies among them.
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Dear Respondent, I wish to research” Adoption of Building Information Modelling Adoption

in the Building Industry- Southwest Nigeria ©’. In the following survey, please respond only

to those questions by ticking the appropriate blanks. It would be appreciated if you could

kindly assist in completing the questionnaire with utmost sincerity. I assure you that your

response shall be used strictly for research purposes and be treated confidentially.

Thanks in advance for your cooperation. OQ

3

Alaje A. Akinola. 6\

Section A: Demographic Characteristi

Instruction: Indicate your opinion by ticking ( V) ins@w bracket

1.

4,

What type of firm do you work for? Ar%i%ﬁal Firm () Building Firm ( )
Engineering Firm () Quantity Survey;j rm( )

Firm Location: Ado-Ekiti (El(iti state) () lkeja (Lagos state) () Abeokuta
(Ogun state) () Akure (K@state) () Osogbo (Osun state) () Ibadan(Oyo

state) () '\AQ

What is the Siz@%r firm (by staff)? < 10 staff (micro firm) () 11 — 50 staff

(small fi ‘)@ 51 — 250 staff (medium size firm) () > 250 staff (large firm) ()

Howgany years has the firm been in operation (Age of the firm)? <S5years( ) 6-10

N@;?( ) 11-20years ( ) 21-30years ( ) >30years( )

5.

What project area does your firm specialize in? Mostly Commercial () Mostly
Residential () Mostly Institutional () Mostly Industrial () All building types ()
What range is your firm annual turnover? <IM( ) 1-10M( ) I1-50M( )51

~100M () 101 -250M ( )>250M ( )
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7. What is the range of your working experience in this field? 1 — S5yrs () 6 — 10yrs

() 11—=15yrs( ) 16 =20yrs( ) 21 —-25ys( ) above 25yrs
B: BIM Compliant Softwares Awareness

8. Which of the following BIM Software applications are you aware of? (Note: you can

tick more than one option) Q\
Tekla Structures () PowerCivil ( ® )
(

Archicad () Digital Project ’\ )
ArchiFM () Navisworks M@Q (G
Green Building Studio () Autode i (]
Masterbill () VIC ()
Revit Architecture () ’béifgy BIM Suite ()

Sketchup (

@ QS CAD ()

’bb C: BIM Software Applications Usage
9.\Which of the following BIM software applications do you use? (Note: you can tick
more than one option)
Tekla Structures () PowerCivil ()

Archicad () Digital Project ()
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ArchiFM () Navisworks Manage ()

Green Building Studio () Autodesk Quantity Takeoff ()
Masterbill () VICO Software (G
Revit Architecture () Bentley BIM Suite ()
Sketchup () QS CAD (

D: BIM Usage Across the Building Stages (Awareness
0

10. Have your firm heard or is aware of BIM (uses)? Yes () Not S ) Not ()

11. Are your firm aware that BIM could be used to achieve @ ing at the different
building stages? Kindly rate your extent of aware ed on the following indices
(where 1 = Not Aware; 2 = Less Aware; 3 = N@r ; 4 = Aware; 5 = Very Aware)

a. Design Stage b’b

W&
s/n Achievemenﬁ\ 1 |2 |3 |4 |5
i. | Cost Estimation '®
S
ii. | Construction Plannir&Q\
RN

iii. | Coordination Q \S
iv. | Prefabri Q% -

XN
v. | Visualization
vi. %structability Analysis
@

vii.™ For Sequencing

b.

Construction Stage

s/n

BIM Usage I |2 |3 (4 |5
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1. | Construction Monitoring

1i.| Clash Detection

iii| Maintenance Scheduling

1v]| Fabrication

A
S

¢. Maintenance/Operation Stage /\

s/n BIM Usage 4%\4 314 |5

i Asset Management Q\’

Q
i Building System Analysis 60‘

il Record Modelling

E: Lev@M Usage at different building stages

12. At what buildi ggge do you use BIM applications? (Note: you can tick more than

ne op‘on;;\b ign stage () Construction stage ( ) Operation/Maintenance
)

o

I\g(w frequently do you use BIM? Kindly rate your extent of usage based on the

)
st
following indices:

Never ( )  Rarely( ) Sometimes ()  Often( ) Always ()

14. Which of the following building activities do your firm engage BIM to achieve?

(Note: you can tick more than one option)
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S/N | Building Activities Tick ( V)

i. | Construction Planning

1. | Visualization

iil. | 3D Coordination

iv. | Cost Estimation

v. | Prefabrication Y
QO

vi. | Constructability Analysis «\ f

vii. | Sequencing

viii. | Construction Monitoring

N
O
ix. | Clash Detection \
N

x. | Maintenance Scheduling E
V-

xi. | Fabrication \@0

xil. | Asset Management . ,&
Vd

xiii. | Building System Analysis Q‘)‘

\
xiv. | Record Modelling \“

L N

&

\9’66 F: BIM Benefits

15. What premium would you place on BIM benefits? Kindly rate your level of
importance based on the following indices (where 1 = Not important; 2 = Somewhat

important; 3 = Neutral; 4 = Important; 5 = Very important)

s/n BIM Benefits 112 |3 |4 |5
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p 4

Improve project design

ii.

better clash detection

1il.

better coordination

-

curement and storage

R\ "
Eewe management of project resources

iv. | Reduce Rework in Construction
v. | better synchronization
vi. | better projects sequencing
£
vii. | give room for more off-site materials/components \
prefabrication ,6
viii. | enable visualization of the built environment &J
ix. | improves health and safety Q
N\
x. | Allow for flexibility and sustainable designo\}
xi. | facilitate equipment and asset mainte@ﬁnd
management L
xii. | Provides a digital model that a@uﬁuzed
throughout the building
life cycle. X ,\\'
xiil. | more accurate and s@dy estimation of project cost
and time KN
Xiv. | improveme Wergy efficiency
XV. impgcxsksources planning and sequencing
XVI.

X‘szﬁllows for effective and efficient utilization of site

XV1ii.

Improves efficiency and productivity

xix. | Improves decision making at the operation and
maintenance of a
facility.

xX. | Access to information is fast and reliable
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xx1. | Provision of accurate and updated information

xxil. | Improving team building skills

kxiii. | monitor and track progress during construction

xxiv. | Improve services delivery

xxv. | Project cost reduction {
«
xxvi. | Reduced Construction Time X N
A
xvii. | Improve project Quality \ )
kviii. | Improve project documentation Q)
AN
xXix. | improve multi-party communication and N
collaboration (\Q
XxxX. | Minimize Errors and mistakes \}

xxxi. | Constructability improvement 6}‘

xxil. | Minimizes disputes and confli YQ
\

B3
§

R
x@b

G: Factors that Influence BIM Adoption
16. What is your stand on the factors below that affect the adoption of BIM in your
professional practice? (where 1 = Strongly Disagree; 2 = Disagree; 3 = Not sure; 4 =

Agree; 5 = Strongly agree)
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Limiting factors/barriers

1 | Unwillingness to use BIM

2 | Lack of Experience and Skills

3 | Negative Perception of Ease of Use 1
~

4 | Personal Incompetency b & § '

NS

5 | Absence of Work Motivation

6 | Lack of Interest

7 | Ignorant of BIM usefulness Q

8 | Unavailability of technical infrast@’

O
9 | Financial resources . 5\\.\
10 | Unavailability of BIW‘S
AQ
11 | Perceived risks,)
23
12

Oiéa@naﬁ readiness

\’&anization’s culture

14

Organization’s capacity

15

Organization’s policies
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16

Lack of Manager’s support

17

Lack of Capacity to use information technology

18

Ignorance of benefits of BIM for organization

19

Technology Quality

20

Speed of BIM tools

( v
o
/

21

BIM complexity

22

Trialability

23

Speed of BIM tools
S

24

IT support
O

25

Result demonstrability é_;\\’\

26

Accessibility . A‘O‘
QO

27

Functionalit \) N
AR

28

Fe:asi@using BIM

@curement methods
p

30

Stakeholders interaction

31

Project scale

302




32

Stakeholders’ awareness

33

Project requirements

34

Project complexity

35

BIM standards

BIM instructions

36 | BIM providers Q\
37 | Competition levels Q »
38

Laws and policies
S

39

Lack of Government support

@v

\

<)

Critical Succ_ess@f‘ors (CSFs) for BIM Adoption

"\

40 §\\4

Incorporation IM into academic curriculum
41 . \

Imere%M wareness and understanding
42 NS

Odtseurcing BIM experts
3dy O
\ ZVrovision of training by employers
4

Government Legislation supporting the use of BIM
45

Developing BIM guidelines
46

Reduction in cost of implementing BIM
47

Setting up BIM council
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48

Compulsory use of BIM for all procurement and contract

49

Provision of appropriate technology and infrastructure

Appendix 11
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Detailed Design Analysis
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Figure 2: BIM Model

APPENDIX III

List of Registered Firms in Lagos
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1. List of Architectural firms

NAMES OF FIRMS

ABA ARKY AND ASSOCIATES

A.B. RUCH LIMITED

ABORRH ARCHITECTS

A.D. CONSULTING LIMITED

ADENIYI COKER CONSULTANTS LIMITED
ADE-OJURI AND PARTNERS

ADEYINKA CONSULT

S’-’P".\‘F’\P‘PP’!\’T‘%

_‘
e

AEQUITAS KONSULT LIMITED

AGBESUA AND ASSOCIATES ( 0

ADMAG CONSULT
AEK DESIGN SERVICES Q

—_—
N —

AGRAM NIGERIA LIMITED
AIM INTEGRATED ARCHITECTS AND CONSULTANTS LIMITED &

—_
N W

AINA + ASSOCIATES DESIGNS LTD
AKIN OLUSOLA AND ASSOCIATES
AKINRINSOLA PARTNERS 0

—_ = =
N oW

ADOLF PROJECT DEVELOPMENT LIMITED
AKOGWU PRIME CONCEPT ASSOCIATE Q
ALAT SERVICES COMPANY

ALEK ASSOCIATES be
ALEX CARPE CONSULTING 6

N NN = =
N

ALLISON-ADE NIGERIA LIMITED
AMBA ASSOCIATES

AM. ANFANG CONSULTANTS Q
o \

NN
wokhw

AMA DESIGNS

AMARCH CONSULTANTS

AMPUCA AND PARTNERSH

ANETOR + ASSOCIATES D
ANOMBEM MOKWUN IGG BROWN
ANTZ ARCHITECTS :

API CONSULTANT ITED

ARC DESIGN TICE

LW W W W W WN N NN
Nk YD = o0 0

ARCH FT ASSOCIATES NIG. LTD.

ARCHCA 1\
ARCH:—H

w
o

A XT DESIGNS ASSOCIATES

A TRADE KONCEPT
»CHI—VIRON ASSOCIATES

ARCHI-AFFAIRS LIMITED

W oW W
O 0~

40. ARCHIFAD CONSULTANT

41. ARCHIMEDIA CONSULTS

42. ARCHIPLEX CONSULT

43. ARCHISCOPES ASSOCIATES

44. ARCHITECTURAL SERVICES CONSULTANTS
45. ARCHWORKS ASSOCIATES

46. ARCHMODULE NIG. COMPANY

47. ARCHPLENG CONSULTANTS
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48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.

ARCHITECTS PARTNERSHIP
ARC-QQUA ASSOCIATES

ARTHUR ORONSAYE AND ASSOCIATES
ATINUKE EJIWUMI AND PARTNERS
ATO ARCHITECTS LIMITED

ATOPIC LIMITED

AZDEC A.S. DESIGN CONSULTANTS
ARCHI-PLANCON ASSOCIATES
ARCHI-KRAFT CONSULT

BEN-EBOH ASSOCIATE

ARCH HEIGHT DESIGN THEATRE

ARCHITECTURAL SERVICES CONSULTANTS Q*
BENELUX PROJECTS LIMITED 0
BIJAURCH ASSOCIATES Q/
BIOR-JAG AND ASSOCIATES ’\

BIOS LIMITED Q

B AND L ARCHITECTS %

BISI DIVERSIFIED NIGERIA LIMITED

KOLEOSHO AND PARTNERS 0

BRECON ARCHITECTS Q

BUILDERS POINTS AND ASSOCIATES

BUILDING DESIGN ASSOCIATES

B.U.D CONSULTANTS b’bQ
O

B-WAKS CONSULTANTS

BRAIN GRAN DESIGN PRACTICE \Q
CASABUILD ASSOCIATES LIMITED \
CDS GLOBAL LIMITED . 5\%
CDC PARTNERSHIP (_)\

CEPKONCEPT &
CONTEMPORARY ARCHIT RAL LIMITED
COSMO-URBAN PROJ IMITED

CHRYS CONCEPTﬁ E

COMPOSITE AR TS LIMITED
COMPREHE DESIGN ASSOCIATES

CONST LTD
CONTEM RY DESIGN ASSOCIATES

CONS NTS COLLABORATIVE PARTNERSHIP
C T KONSULT

C ARCHITECTS
MSCIBLES DESIGN AND BUILD NIG. LTD

DAA ARCHITECTS LIMITED

DAD KONCEPTS AND ASSOCIATES
DANCAD CONSULT
DARCHIWORKGROUP

DASA ARCHITECTS LIMITED
DELANO ARCHITECTS

DELTA DESIGN CONSULTANTS
DESIGN AID CONSORTIUM
DESIGN ALLIANCE
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97. DESIGN GROUP NIGERIA LIMITED

98. DESIGN BASICS PARTNERSHIP

99. DESIGNFLAIR LIMITED

100. DESIGN LINES CONSULTANTS

101. DESIGN MECHANICS LIMITED

102. DESIGN UNION CONSULTING LIMITED

103. DESIGN VIEW CONTEMPORARY CONCEPT LTD
104. DEZARCH ASSOCIATES

105. DIOKPO AND T.AM.

106. DISTINKT NIGERIA LTD

107. DKR ASSOCIATES LTD \
108. DOA ASSOCIATES Q
109. DOLAPO BELLO CONSULTING ARCHITECTS LIMITED 0

110. DOM-SERINA NIGERIA LTD (}

111. DOX ASSOCIATES

112. DW CONSULTANTS Q&
113. EARTHSCAPE CONCEPTS %

114. EDEN GROUP OF COMPANIES

115.  ECAD ARCHITECTS LIMITED 0
116. ECHO-MOLD COLLABORATIVE PARTNERS Q
117.  ECK CONSULTANTS

118.  EDORBI ASSOCIATES Q

119. ELASTRA NIGERIA LIMITED bfb

120. EL-SHADDAI AND ASSOCIATE (b

121. ELSY ARCHITECTS LIMITED \Q
122.  ENVOYHYGIENIX \
123.  EMEKA OLISA EJIKEME AND ASS'@Q&ES
124.  ENI-TAN AND COMPANY (_)\

125.  FABIAN ODUDU ASSOCIAT

126. FARCON CONSULT
127.  FMA ARCHITECTS LI

128.  FOEIRON INTEG NSULTANTS
129. FOLA ALADE AS TES

130. FOLABI AJ%CHITECTS

131. FORM-A EX CIATES

132.  FORM KWNCTION ASSOCIATES

133. FORM(MASTER AND ASSOCIATES LIMITED
134. FO ITHS AND PARTNERS

135. 4 F ORK ARCHITECTS LIMITED

136. M SCAPES LIMITED

137. FOUNDAMENTUM LIMITED

138.  FREEBOARD ASSOCIATES

139.  FUTURE SCAPE CONSULTANTS

140. GALEX DESIGN ASSOCIATES

141. GIFT-ARC CONSULTANTS

142.  GLOBAL JULAID NIG. LTD

143. GLOBWOCS CO. LIMITED

144. GLOWING OAK COMPANY LIMITED
145. GODWIN HOPWOOD KUYE
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146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.

2.

A A ISl e

—_
— O

[\ I N T NS I NS R e e e e e
Rl e B N

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

GOLDEN PYRAMIDS SOLUTION LTD
GOTHIC-LEN CONSORTIUM

GRIDS ASSOCIATES

GROUP BAJO ASSOCIATES

GPS CONSULTS

HARRIS AIB ASSOCIATES
HOUSETOP ARCHITECTS
HOUSESMITHS LIMITED

HOLDMAN AND DOT NIGERIA LTD.

HOME AGENDA LIMITED
HOME WORK DESIGNS AND CONSULTANTS LIMITED Q

HUPLAN DESIGN CONSULTS 0
HBRID TECHNOLOGIES (HYTECH) LIMITED %Q

INDEX ASSETS AND CONSULTING LIMITED 0

List of Engineering Firms

IEC ENGINEES LIMITED
I-DYNAMO ASSOCIATES Q
INNOVATE CONCEPTS LIMITED

INNOVATIVE DESIGN ASSOCIATES Q
INTEGRATED CONSULTANTS ENGINEERS &
INTER DESIGNS PARTNERSHIP fb
INTER-ARC INITIATIVE

INTERLINKS TECHNOCRATS TEAM LIM

INTERSTATE ENGINEERS LIMITE

INTERMOL CONSULT LTD (}9\

INTRABETHEL DESIGNS LI

INTRA DESIGN SERVICE RIA

JAMES CUBITT ENGIN

JEB AND ASSOCI ERIA ENTERPRISES

JOINT CONSULT,L

JO-REHOBQT sQS?CIATEs

KGB CO P%E S LIMITED

KLIF @TANTS

KON GERIA LIMITED

K ASSOCIATES

. K C ASSOCIATES
M‘NING HOMES LIMITED

KENPLANS CONSULTANTS

KONSTANCE CONSULT INTEGRATED SERVICES LIMITED
KONTECTURAL DESIGN AND ASSOCIATES

LAAD ASSOCIATES

LANDMARK ENGINEERS

LAVANTE GARAGE CONSULT

LAOYE DESIGN COMPANY

LEKAN ADAMS AND ASSOCIATES

LEKAN ADEGBITE ASSOCIATES
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34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

LEKAN LAWAL AND ASSOCIATES
LEKE ODUWAYE ASSOCIATES

LIEGE CONSULTANTS

LINESMITHS DESIGN ASSOCIATES
LINE 2 SPACE ENGINEERS LIMITED
MAJOROH PARTNERSHIP

MARIANO CONSULT NIGERIA LIMITED
MATRIX CONSULT

M.B.O ADEGBITE ASSOCIATES LTD

METROPOLITAN STUDIOS

MANDC.D.S CONSULTS

MACROPLAN Il AND ENGINEERS NIG.LTD. Q*
MICHE NIGERIA LIMITED 0
MILA ASSOCIATES Q/
MINDSEYE ASSOCIATES LIMITED ’\
MOEZ’ART Q
MORPHOSIS INC. LIMITED %
MULTIXEPT ASSOCIATES LTD

NEW METHODS DESIGN ASSOCIATES 0

NIGER CONSULTANTS Q

NIYI BAKARE ASSOCIATES

NOARK CONSULT

NEW ORDER PARTNERSHIP &

ODELEYE ASSOCIATES

ODELEYE INTERNATIONAL ASSOCIA

OAC ENGINEERS

OGOLI NIGERIA LIMITED s\%

OKUNLOLA ASSOCIATES

OLADELE OLUWAMOTEMI SOCIATES

OLAJIDE ADEBANJO ASS
OLAWUNMI AGBAIJE ATES

OMNIARCH

OMUAB@NQ OMPANY
OPTI CEPTS

PAUD OCIATES

P R ASSOCIATES

OLUSEGUN KUTI
OMNI ENVIRON é; L SERVICES

AP GE DESIGN CONSULTANTS

DOATED ENGINEERING SERVICES LIMITED
PARADIGMSHIFT DESIGN LIMITED
PIEARCH LIMITED
PENTAGON CONSULTANTS
PHARCEPT CONSTRUCTION
PLARC CONSULTANTS
PLATFORM CONCEPT LIMITED
PLANNET LIMITED
PLURAL CONCEPTS CONSULTANTS NIGERIA
PM+CDC ASSOCIATES
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83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.

3.

S/N

A AR ol

PODEX ASSOCIATES LIMITED

POINT SCAPE

POLYGON CONSULTANTS

POPHAM WALTER ODUSOTE LTD

PRIMAL DESIGN CONSULTANTS

PRIMAVIS GLOBAL SERVICES

PROJECT DEVELOPMENT TEAM LTD

PROLINES DESIGNS CONSULT

PROLINKS ASSOCIATES

PROXIMAL HEIGHTS

PYRAMIDS \
Q.A. ENGINEERS Q

Q-BAYS CONSORTIUM ( 0

RENX WORKS

RICH-CONSULT ASSOCIATES :&

RONALD WARD AND ASSOCIATES

ROYE IBRU ASSOCIATES %
SCHEMATICS DEVELOPMENT GROUP

SCENIC VISIONS LIMITED 0
SEKDAN AND ASSOCIATES LIMITED Q

SHARON ROSE DESIGN LIMITED ’b
SHELTER CONSULT b

SHALOM EN-CONSULT INTERNATIONAL LIMITED Q

SHELTER SERVICES

SHOLMUD VENTURES LIMITED \Q
SITES AND E LIMITED \
SLICK DESIGN KONSULT . s\%
SOLIDGOLD LIMITED (9\

SPACE CONCEPTS LIMITED

SPACECRAFT LIMITED,
SPACEWEB CONSULT
SPATIAL DESIGN.C
SPECTROPLAN KO
SPACE AND

ST. NICHKLAQ ASSOCIATES

STAR% ULTANTS

i uantity Surveying Firms
ES OF FIRMS

A-QS ASSOCIATES

ACE(QS) CONSULTANTS

ACO AND PARTNERS

ADERONKE OYELAMI ASSOCIATES
ADESANYA AND PARTNERS

AIM CONSULTANTS (NIG) LTD

AKINWONMI AND ASSOCIATES CONSULTANTS
ALLIED QUANTITY SURVEYINGS

AMAG CONSULTING ASSOCIATES
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

AMOLAD CONSULTANTS
ARIBISALA ASSOCIATES

ASABI AND PARTNERS

AUSTIN ONARO AND ASSOCIATES
BEC CONSULTANTS NIGERIA
BAM ASSOCIATES

BEEB ASSOCIATES

BILLING COST ASSOCIATES

BISI ADEOYE AND ASSOCIATES
BQC CONSULTANTS LTD

BROAD COST CONSULT

BST CONSULTANT

CEE BEE PARTNERSHIP

CHAVAN ASSOCIATES
CHIDEBELU PARTNERSHIP
CLIFFON ASSOCIATES

COGN ASSOCIATES

COLLINS ASSOCIATES

CONCOST PARTNERSHIP

CONSOL ASSOCIATES
CONSTRUCTION ECONOMIST PARTNERSHIP
COST AND CONTRACT CONSULTANTS

COST BASE ASSOCIATES 6
COST DIMENSION ASSOCIATES fb

COST MODEL ASSOCIATES

COST VALUE TIME CONSULTAN
COSTCARE PARTNERSHIP co
COSTEC CONSULTANTS \
COSTEL ASSOCIATES , Q
CSOTEL QUANTITY S ING
COST-LINK ASSOCI

COSTWORTH ASS TES

CYVA PART IP

COST MATRIX CONSULT @

DESI UANTS ASSOCIATES

DELSTEINC TANTS
DESA: P ERSHIP

D ASSOCIATES

D
@&LAMIDE ASSOCIATES

AB COST PRUDENCY COMPANY
EFA ASSOCIATES
EJIK DONENE AND PARTNERS
EKEOBA AND EMIOWELE PARTNERSHIP
EMEKA OSEMENAN AND ASSOCIATES
EMMABOS ASSOCIATES
EMMANOLU ASSOCIATES
FEMI POPOOLA AND PARTNERS
FO-AB PARTNERSHIP
FOBAT ASSOCIATES
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59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.

FOLMAK PARTNERSHIP

FOLUSO FADARE ASSOCIATES

FUNSO OLADIPO AND PARTNERS

GODARET ASSOCIATES

GROUP “O”ASSOCIATES

HAAT ASSOCIATES

HIS MERCIES COST ASSOCIATE

HOS- CONSULT

ISAAC JAMES ASSOCIATES

JABAK CONSULTANTS

JIMS PARTNERSHIP \
JOE LIMEN ASSOCIATES Q
JOSEPH ODU AND PARTNERS 0
KENSTEVE AND ASSOCIATE (}
KTM AND PARTNERS

LAB SALAMI AND ASSOCIATES 6\
METHOD CONSULTANTS %

MICHAEL DANIEL ASSOCIATES

MIKO ASSOCIATES 0
MONIERO COST ASSOCIATES Q
NAMAK CONSULT LIMITED

NIGAQUANTS ASSOCIATES Q

0.U. IKPA AND PARTNERS
OLUMIDE OLUWOLE ASSOCIATES @

OYELOLA ASSOCIATES
PREMIER DEVELOPMENT CONMTS
PROJECT COST ASSOCIATE (19\

PROJECT QUANTS PARTNE
PROJECTS MONITORING LT

PS ASSOCIATES \
QUAND BUILD A%ES
QUANTACOST CO TING

QUANTI-CQ SK‘L%TNERS

NWIKE, MBA AND PARTNERS b’b

4. List of ilgﬂfontracting and consulting firms

SN NAM FIRMS

1. A NSULT

2. BQ’- LIMITED

3. MWOOD CONSTRUCTION LIMITED

4. DOUBLE CHIEF CONSULTANCY SERVICE LIMITED

5. FABEN INTERNATIONAL LIMITED

6. GOD’S MERCY CONSULTANT LIMITED

7. GREEN BROWNW W.A (NIG)

8. HORIZONTAL INTERLINKS GLOBAL RESOURCES LIMITED
9. LABIBIS CONTRACTING SERVICE LIMITED

,_.,_‘
—_ O

H
N

ORGAMITEX CONSULTANT LIMITED
PALMYRA CONSTRUCTION NIGERIA LIMITED
PEDIOAUTOCRATE SERVICE
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

PRIME WATER VIEW HOLDING LIMITED
SALBODI CONSTRUCTION LIMITED
TAGFORD NIGERIA LIMITED

STINO PARTNERSHIP

STONEHOUSE ASSOCIATES

STONE 3 ARCHITECTS

STONE 3 LIMITED

STUDIO STONE DESIGNS

STUDIO STYLE+FUNCTION LTD

TAIWO KARA ASSOCIATES

TAO ALAMUTU AND PARTNERS ( 0

SPACE-TIME CONSULTANTS
SYMOLIK DESIGNS AND CONSTRUCTION LIMITED Q

TAYLAN PRESTON LIMITED

TEAM ARCHITECTS :&

TEAM ARCHITECTS LIMITED
TERRAFABER LIMITED %
TEE-M DESIGNS LIMITED

THEGRID ARCHITECTS LIMITED 0
TIMPARC INTERNATIONAL LIMITED Q

THE LAWSON+ODEINDE PARTNERSHIP

THE SKYBLUE CONCEPT Q
THOM-TOBIAH ASSOCIATES bfb

TIPEX PARTNERS fb

TNA ASSOCIATES \Q

TOMORO ARCHITECTS \

TEAM DESIGN ASSOCIATES  « s\%

TROPICAL THRESHOLDS LIMIT, ﬁ\

TROPICAL SHELTAS \
TOWRY-COKER ASSOCI

UNIPLAN KONSULT \
UNIQUE ARCHITEC
URBAN AND VILL CONSULTANTS

URBANALIA ULTANTS

UUDEX S
NSULTANTS

OGUN CONSULTANTS AND ASSOCIATES

ESAN ASSOCIATES

LE OLASEHINDE ASSOCIATES
Y-DESIGN CONCEPT ASSOCIATES
YU-PET KONSULT
YUSUF AND PARTNERS LIMITED
ZEMEK NIGERIA LIMITED
ZENITH CONSULTANTS
STINO PARTNERSHIP
STONEHOUSE ASSOCIATES
STONE 3 ARCHITECTS
STONE 3 LIMITED
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62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.

STUDIO STONE DESIGNS

STUDIO STYLE+FUNCTION LTD

SPACE-TIME CONSULTANTS

SYMOLIK DESIGNS AND CONSTRUCTION LIMITED

TAIWO KARA ASSOCIATES

TAO ALAMUTU AND PARTNERS

TAYLAN PRESTON LIMITED

TEAM ARCHITECTS

TEAM ARCHITECTS LIMITED

TERRAFABER LIMITED

TEE-M DESIGNS LIMITED \
THEGRID ARCHITECTS LIMITED Q

TIMPARC INTERNATIONAL LIMITED ( 0

THE LAWSON+ODEINDE PARTNERSHIP

THE SKYBLUE CONCEPT :&

THOM-TOBIAH ASSOCIATES

TIPEX PARTNERS %
TNA ASSOCIATES

TOMORO ARCHITECTS 0
TEAM DESIGN ASSOCIATES Q
TROPICAL THRESHOLDS LIMITED

UNIPLAN KONSULT
UNIQUE ARCHITECTS \Q
URBAN AND VILLAGE CONSULTANT. \
URBANALIA CONSULTANTS  + 3>

UUDEX ASSOCIATES (_)\

VERSATILE CONSULTANTS

VICTOR EDOGUN CONsI@Ts AND ASSOCIATES
VOEN ASSOCIATES @

TROPICAL SHELTAS ,bQ
TOWRY-COKER ASSOCIATES b

WOLE ESAN ASS
WOLE OLASEHIND SOCIATES
Y-DESIGN C T ASSOCIATES

YU-PET N\ T
YUSUE A 'ARTNERS LIMITED

ZEME GERIA LIMITED
V4 ONSULTANTS

S PARTNERSHIP
M)NEHOUSE ASSOCIATES

STONE 3 ARCHITECTS

STONE 3 LIMITED

STUDIO STONE DESIGNS

STUDIO STYLE+FUNCTION LTD

SPACE-TIME CONSULTANTS

SYMOLIK DESIGNS AND CONSTRUCTION LIMITED

Appendix IV

List of Registered Firms in Ibadan
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List of Architectural firms

NAMES OF FIRMS

AECREN LIMITED

AKHIMAX NIGERIA LIMITED
ALAYO CONSULTANT LTD

ALL PURPOSE SHELTERS CONSULT LIMITED
A M. ARCHITECTS

ANDOK PROJECTS CONSULT LTD
ANNEN ASSOCIATES LTD

ALL WERKS LIMITED

ARABI BELLO AND ASSOCIATES
ARCAID CONSULTANTS

ARCANE ASSOCIATES LIMITED
ARCH + WEB

ARCEPTS LIMITED
ARCHITECTON DESIGN CONSULT
ARCHETYPE A.E.C. LIMITED
ARCHITEAM NIGERIA LIMITED

ARCHITECTURAL AND BUILDING CONSULTANTS

ARCHITECTURAL FACTS LIMITED

ARCHITECTS AND ASSOCIATE CONSULTANTS

ARCH-MERIDIAN CONSULTS LIMITED
ARCTUALS CONCEPTS LIMITED
ASSOCIATED BUILDING CONSULTANTS LI
ARROWHEAD INTERNATIONAL INTE
ASHLEX SYNERGY LIMITED

ASSOCIATED DESIGN CONSULTA
ASSURED DESIGN CONSULTA

ATTAH ASSOCIATES é

ATOBEKJ ASSOCIATES,
ARCFORMS N\
ARDH CONSULTg:§
ARCHI-PLUS DEYERQPMENT
ARKMAS INTEGRATED SOLUTIONS
ASO RIV ED
ARTI Q,WIITED
AVAI\CI%ARDEN DESIGNS LIMITED
% S CONSULTING LIMITED
éﬁ O PARTNERSHIP
GREEN INTERNATIONAL
BESCON PARTNERSHIP
BEZALEEL DESIGN STUDIO
BEYUS NIGERIA LIMITED
BLACINE ARCHITECTS LIMITED
BLOEX BLUE SERVICES LIMITED
BINATARE CONSULT
BOM ASSOCIATES
BONTAN CONSULTANTS
BORNARC CONSULTANTS LIMITED
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48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

2.

A AR ol

LW W W W W W W W NN NN NN DN N DN DN = e e e e e e e
o N el A - R e S S N N S S =

CANONIC ASSOCIATES

CAPITAL PROJECTS CONSULTANTS

CEA DESIGN WORKS LIMITED

CHUKS AND DE-CREW SERVICES LIMITED
CONTINENTAL SHELTER ASSOCIATES
COLLABORATIVE DEVELOPMENT SERVICES LIMITED
CHILOKAR NIGERIA LIMITED

CHRIS OHIKERE AND ASSOICIATES

COMPLETE ARCHITECTURAL SERVICES LIMITED

COMPTON PROJECTS LIMITED \

List of Engineering Firm
15T CONCEPT ASSOCIATES (NIG.) LTD. 0
CONSTYLE SERVICES (}
CONTEMPORARY CONSTRUCTIONS AND BUILDING DESIGN LIM
COSMO BASE CONSORTIUM LIMITED

CRE-8-TIVE BLUEPRINTS %
CREATION CONSULTANT

CREATIVE SHELTERS 0
CROWN ASSOCIATES LIMITED Q

CUBE CONSULTANTS NIGERIA

DEAKITEX COMPANY

DECKARD TYLER LIMITED Q
DEFINITE STROKERS NIGERIA LTD \
DELE ODEDIRAN ARCHITECTS C@TANTS
DELTON ASSOCIATES LIMITED(O\

DENGARC ASSOCIATES

DERINOKA INTEGRA Q
DESERECT NIGERIA L
3D-DESIGN CON
DESIGN AGE CO ANT LIMITED
DESIGN A LL ASSOCIATES LTD
DEXTRA TS LIMITED

DEZU AQWONSULT LIMITED

D. MA ND DEIORI CONSULTING LTD

CUBISM LIMITED ,bQ
D AND B LIMITED b

D AKEREDOLU AND ASSOCIATES
D S-KRAFT TURKEY PROJECT LIMITED
ED CONSULT

DOZARCH CONSULT LIMITED
DYNAMIC LEON PROJECTS LIMITED
E.F. PROJECTS LIMITED

EDIFICES DESIGNS

EENARC CONCEPTS LIMITED
EL-MANSUR ATELIER CO

EMEKA NWANDU ARCHITECTS
ENDY-ILLOY AND ASSOCIATES
ENICS CONSULT LTD
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38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

ENVIRONMENTAL CONCEPTS ASSOCIATES

ENVIRONMENTAL EXPRESSIONS LIMITED

EYEBROTECTURE AND ASSOCIATYES LTD

EQUILATERAL ARCHITECTS LIMITED

ES ASSOCIATES LIMITED

FENTAN AND ASSOCIATES

FM + ARC CONSULT LIMITED

FORMS AND SPACES LIMITE

FRANK AND FRIENDS (WA) LIMITED

FROMEB ASSOCIATED NIGERIA

GAFOWNY ASSOCIATES \
GAFCON SYSTEMS LIMITED Q

GENOOU CONCEPTS ( 0

GEORGE ONIOMOH AND ASSOCIATES

GIYONT KUBA LIMITED &

GLOBARCH ASSOCIATES

GOMIC CONSULTS
GEOMETRIX CONSULTANTS AND BUILDERS LIMITED
GRAND STROKES LIMITED 0

GROUP ONE DIMENSION LIMITED Q
HACIENDA ASSOCIATES

HABIMOULDS LIMITED Q
HABITAT ASSOCIATES ’b
HAJA CONSULT (TURKEY PROJECT) NIGEKR ITED

HAR MONIC ASSOCIATES @

HI-TECH STUDIO NIGERIA LIMITED
HM AND ARCHITECTS LIMITEDs s\%

HOMEPLAN ASSOCIATES \(_)\

R\
3. List of quantity surveyin@

S/N

A ARl ol
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NAMES OF FIRMS
ABKA COST ULTANTS
ABRAHAN NSULTANTS
ADO ANDWARTNERS
AESMA&TNERSHIP
AL SOCIATE
A ANTS ASSOCIATES

ENG CONSULTANTS
BILLS AND MEASURES
BUCHI AND ASSOCIATES
CAPITAL PROJECTS AND RESOURCES ASSOCIATES
COMSEG ASSOCIATES
CONSULT BEST PARTNERSHIP
COSSETS CONSULTANT
COST BENEFIT CONSULTANTS
COST PLANNING CONSULTANTS
CYNERGY ASSOCIATES LTD
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

4.
S/N

A AR ol
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DESIGN COST ASSOCIATES
DODO MAAC CONSULT
EL-RUFAI AND PARTNERS LTD
FEESE, MUSA AND PARTNERS
FISSY AND PARTNERS

FOMAR ASSOCIATES

GEKLA ASSOCIATES

HANIA ASSOCIATES

IFEANYI ANAGO AND PARTNERS

INTEGRITY COST ASSOCIATES

IN-HOUSE CONSULTANTS

INTEGRATED PRACTICE CONSULTANTS Q*
ISEJ ASSOCIATES 0
JAMKOLDIP CONSULT Q/
JIREHOSA COST ASSOCIATES ’\

JOSEPH AFE AND PARTNERS, JOSEPH AFE Q

KABOLA ASSOCIATES %

KALABAL ASSOCIATES 0

KHALILULLAHI ASSOCIATES

List of building and contracting firms
NAMES OF FIRMS be

AKIN-LANE CONSULTANTS LIMITED b
AMSOMOPS ENTERPRISES LIMITED D>
ANNAI LIMITED \Q

ASBA SYNERGY CONCEPT LIMITED \

BINANI NIGERIA LIMITED ~ » s\%

BREM TECHNOLOGIES LIMITEDY '\,

BRUNEL ENGINEERING AN LTING LIMITED

G-NETWORK PROJ LIMITED

IMPACTO BU G AND CONSTRUCTION
INTEGRA LOPMENT SERVICES LIMITED
LUXURY EU,UDINGS AND ACCESSORIES LIMITED
MEDU AND AMEDARI NIGERIA LIMITED

QU SOURCES CONSULTS LIMITED

S O LIMITED
MSON OPALUWAH CONSULT LIMITED
SANTRO LIMITED
SHELTERS BUILDERS AND FACILITY MANAGEMENT CONSULTANT LIMITED
STAGE ONE INTERNATIONAL (NIG) LIMITED
STE ROBERTS LIMITED
STRONGMARK NIGERIA LIMITED
TIANJIN-YUYANG CONSTRUCTION ENGINEERING COMPANY LIMITED
TRAMASCO NIGERIA LIMITED
TRU-KONSULT INTERNATIONAL
TRUMAN LIMITED
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28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

UJAT NIGERIA LIMITED

VALUE BUILDERS NIGERIA LIMITED

YAMIZA LIMITED

YAR-BAKHAT COMPANY LIMITED

KOST ASSOCIATES

LEO IKE ASSOCIATES

LUWAB ASSOCIATES

MABOD ASSOCIATES

MAN ASSOCIATES

MECHACH PHILIPS CONSULTING

M-GROUP ASSOCIATES \
MOHAMMEDDEEN MUSA AND PARTNERS Q

MOSALAB CONSULTANTS ( Q

MTI PARTNERSHIP

KOST ASSOCIATES :&

LEO IKE ASSOCIATES

LUWAB ASSOCIATES
MABOD ASSOCIATES

Appendix V

List of Registered Firms in Abeokuta
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List of Architectural firms

NAMES OF FIRMS

A.A SUSCONS LIMITE

ABODES ARCHITECTS

AF. PARTNERSHIP

ALLIED ASSOCIATES LIMITED
ALLIED CONSULTANTS LIMITED
ALTIGRA NIGERIA LIMITED

AM DESIGN CONSULT

AQUELLA CONSULTANTS
ARCHON NIGERIA LIMITED
ARCHICAD PROJECTS NIGERIA LTD
ARCHIPLAN INTERNATIONAL LTD
ARCKY DECK ASSOCIATES
ARCHI-TRI MULTIDIMENSION
ARCTRACK ASSOCIATES

List of Engineering Firms

ARKI-TRENDZ CONSULTS LIMITED
ARTEC PRACTISE LIMITED
ARQIMEN CONSULTANTS LIMITED
ARC-PROJECT NIGERIA

BAYOM AND ASSOCIATES

BEST DESIGNS CONSULT LIMITED

BUILDING ANATOMY LIMITED»
COMPONENTS CONSULTS

N\
O
’bb

BESTARC INTERNATIONAL \Q
BUILD-DESIGN LIMITED %
T

CLASSIC PROFESSIONAL C
COPLAN ASSOCIATES, ;
CURRENT DESIGN ST,

DAR INTEGRAT ITECTS AND CONSULTANT LIMITED

DEENARC CONSU NTS

° \
3. Listof Q nt&ﬂ]rveying firms

S/N

A IR

—_ =
—_ O

_.
N

NAM FIRMS
A LAM AND PARTNERS

A RTNERSHIP
M AND JOHN ASSOCIATES

AMAK CONSULTANTS
ASSOCIATED COST CONSULTANT
AXIS CONSULTING

BITRUS GAMBO AND ASSOCIATES
BM CONSULT

COST DESIGN PRACTICE PARTNERSHIP

EXCELQUANT COST CONSULTANTS
GIMBA AND PARTNERS
IN-COST CONSULTANTS
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13. INTEGRATED COST ASSOCIATES
14. JAMO AND ASSOCIATES

15. KONTI-SAB ASSOCIATES

16. M AND A ASSOCIATES

17. M.M. AHMADU AND PARTNERS
18. MAYER AND BRINDLE

19. MQX AND ASSOCIATES

20. MULTI CONSULTS PARTNERSHIP
21. PACKAGE CONSULTANTS

22. PREMIER QU-ESS ASSOCIATES
23. PRICEHOUSE ASSOCIATES

24. PRIME AND BELL PARTNERSHIP
25. PRISMS CONSULTANTS

26. PRODEL CONSULTANTS

27. PROJECT COST CONSULTANTS LTD
28. ROMAN ASSOCIATES

29. Q. ASSOCIATES

30. QUANT-EST PARTNERSHIP

31. RASH PARTNERSHIP

32. ROSANA COST CONSULTANTS

4. List of Building Contracting and Consulting firms be
NAMES OF FIRMS
HABITAT GLOBAL SERVICES NIGERIA LIM

z

SHEHIM VENTURE

YUBA CONSULTANT LIMITED
NONNAM CONSULTANTS \
OLGA GROUP ° Q
PROQUEST CONSULT

QUANPRO GOBA RCES

QUANT KONSULT
QUANTI-TE s:iSOCIATEs
RASY AS
ROYA cg;pCONSULTANTs ASSOCIATES
SUNDARELUFIOYE AND ASSOCIATES
T DE CONTRACT ANALYSIS CONSULTING
HUKWU AND PARTNERS
FIED QUANTITY SURVEYINGS
UNIQ PROJECTS KONSULT
UNITS ENVIRONMENTAL SCIENCES
URBAN PROJECTS SERVICES ASSOCIATES
WARD AND PARTNERS LTD
Y.S. ASSOCIATES
ZEEGA ASSOCIATES
HOUSEHOPE CONSULT LIMITED

HUEY AND KAL LIMITED
HUGO AND PARTNERS

MFB PROPERTIES LIMITED Q
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

HURAM ARCH-BUILDERS LIMITED

IBROUMAR ASSOCIATES LIMITED

IOU CONSULTS NIGERIA LIMITED

ICONIC CONSULT

ICONS ARKITEKTURE-OLA LIMITED

IDEAL SPACES LIMITED

INTEGAX RESOURCERY LIMITED

INTER-FACE PROJECTS LTD

JONI CONSULTANTS

JACQUELINE JACOB CONSULT

J.C. DESIGN CONCEPTS LIMITED \
JERMAN CONSULT LTD Q

KINETO CONSULTS LIMITED ( Q

KHADI DESIGNS AND CONSULT

JUXTAPOSE CONSULTS :&

KAPITAL PROJECTS AND RESOURCES ASSOCIATES

LANDEV PARTNERS %
LANDMARK TURKEY PROJECTS LTD

LEONARD ASSOCIATES Q
LAND BUILDS CONSORTIUM LIMITED Q

LINEAR REFORM DESIGN AND BUILD LTD Q

Appendix VI

List of Registered Firms in Ado-EKkiti
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1. List of Architectural firms

S/N NAMES OF FIRMS
ARCHIBASE LIMITED
ARCHIMAGE LIMITED
ARCEZEE LIMITED
ASTERICS -4 ATTAH ASSOCIATES
A-VISUALS AND ASSOCIATES
ASSOCIATED DESIGN CONSULTANTS
ARKISPACES CONSULTANTS

2. List Engineering Firms
BONSPACE ASSOCIATES
CARDOZI GROUP CONSULTANT
CAMP PARTNERSHIP
CHU-ILCA ASSOCIATES
CIO CONSTRUCTS

NNk R -

A S e

3. List of Quantity Surveying firms

z

COSQUANT ASSOCIATES
ECCON ASSOCIATES be
EMEKEN QUANTITIES b
GOCH ASSOCIATES fb

KOCH ASSOCIATES @

KRISCON ASSOCIATES &

S A i e

3. List of Building Contracting and C &hg firms
S/N NAMES OF FIRMS ° Q

ANDEE AND PARTNE

BROSPAL PARTNER

COSQUANT ASS

. KOCH OCIATES
. I ASSOCIATES
. DON GROUP CONSULT

. CONSORTIUM
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Appendix VII
List of Registered Firms in Akure
1. List of Architectural firms
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NAMES OF FIRMS
ANDEE AND PARTNERS Q

BROSPAL PARTNERSHIP Q



S/N

B =

Nk LD =

\/QJ

NAMES OF FIRMS

ARCH-BIZ CONSULT

ARCKNATURE CONSULTING NIGERIA LIMITED
ARCHITECRONIX LIMITED

ATEJ CONSULT

List of Engineering Firms

BECTARG ASSOCIATES

BLABLUE RIBBON ARCHITECTS

BLUE COLLAR LIMITED

BONS ASSOCIATES \
CAP CONSULTANTS Q

COSMOPOL CONSULT ( 0

CUSTOM REALITIES

List of Quantity Surveying firms

NAMES OF FIRMS %Q

AMAN ASSOCIATES

AES CONSULTANTS Q
BENE ASSOCIATES AND BRAVO CONSULT Q

NAMES OF FIRMS

List of Building Contracting and Consulting ﬁrl:s be

HARPERS CONCEPT LIMITED

KLEM KATHRINES ASSOCIATES \be

LAX NIGERIA LIMITED \

MEGASTAR TECH AND CONSTﬁ)ﬁMPANY LIMITED
SAVANT BUILDERS AND CONT% S LIMITED
SOLOSMOND NIGERIA LIM

&
N
D

APPENDIX VIII

List of Registered Firms in Osogbo
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1. List of Architectural firms

BECTARG ASSOCIATES
BLABLUE RIBBON ARCHITECTS
BLUE COLLAR LIMITED

BONS ASSOCIATES

CAP CONSULTANTS
COSMOPOL CONSULT

CUSTOM REALITIES

D-19TH ARKITEKTS LIMITED
DESIGN CONSULTANCY SERVICES \
DESIGN INFINITUM LTD Q
DETAILS 2 DOT DEVELOPMENT NIGERIA LIMITED 0
DIKE & PHIL ASSOCIATES LIMITED (/
DIMMS CONSULTANTS

DIVINE DIMESIONS CONSULTS Q&
List of Engineering Firms E

NICE KONSULT COMPANY 0
NUGEL C. ASSOCIATES Q
ONWUCHEKWA & DUBOYE ASSOCIATES

PACS ASSOCIATES Q
PEAK CONSULT 6’6
PELICON ASSOCIATES fb

PRAGMATIC DESIGN CONSULT SERV[<®

List of Quantity Surveying firms
CHAZDIAMES ASSOCIATES \
COST MASTER ASSOCIA
DEVELOPMENT COST ASSOCIATES
DIMAN QUANTIT.

PARMEK ASSOCIATES

ENVIRONMENTAL VEYINGS
FEG ASSOCI
FRANCISQ;DC PARTNERSHIP

KEDEX C

ONSULTANTS
SSOCIATES
ASSOCIATES

12. MEK ASSOCIATES

A S e

4.

List of Building Contracting and Consulting firms
QUANTAE CONSORTAE
SAMCONIJIS AND ASSOCIATES
SIGNCOST ASSOCIATES
STANDARDS CONSULTANCY SERVICES
EMERUWA OGECHI & PARTNERS LTD
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Project Management Professionals (PMP) - 2023
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D. Work experience
Post Organization %
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